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Abstract: Epidermal growth factor receptor (EGFR) mutations occur mostly in patients with lung adenocarcinoma;
such patients are also more likely to express cyclooxygenase-2 (COX-2), indicating a possible relationship between
EGFR mutation and COX-2. The COX-2 and EGFR pathways mutually enhance their procarcinogenic effects in differ-
ent tumor types. Therefore, simultaneous EGFR and COX-2 inhibition may be a promising therapeutic approach for
patients with lung adenocarcinoma. We obtained tissue and serum samples from patients with non-small cell lung
cancer (NSCLC) to detect the relationship between EGFR mutation and serum COX-2 level. Subsequently, gefitinib
was combined with celecoxib to investigate the efficacy of inhibition in vitro in two NSCLC cell lines: HCC827 (del
E746-A750) and A549 (wild-type EGFR). The cells were treated with gefitinib or celecoxib alone or with gefitinib
plus celecoxib. Cell proliferation and apoptosis were assessed and correlated with expression of COX-2 and phos-
phorylated (p)-EGFR. The EGFR mutation rate of the high-COX-2 patients was significantly higher than that in the
low-COX-2 patients. Multivariate analysis showed that high COX-2 levels were independently associated with EGFR
mutation. Celecoxib and gefitinib inhibited cell growth in both cell lines. At sufficiently high concentrations, celecoxib
plus gefitinib significantly mutually enhanced their anti-proliferative and apoptotic effects in both cell lines. At low
concentrations, the combination had no additional effects on A549 cells. There was increased down regulation of
COX-2 and p-EGFR when both cell lines were treated with high-concentration celecoxib plus gefitinib compared to
either agent alone. This study demonstrates that high serum COX-2 levels may indicate EGFR mutations and that
the efficacy of combined celecoxib and gefitinib is significantly greater in NSCLC cells with EGFR mutations; at high
concentrations, the combination is efficacious in wild-type NSCLC cells.
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Introduction ways, in particular, epidermal growth factor
receptor (EGFR)-targeted therapy.

Lung cancer is one of the leading causes of

cancer-related mortality worldwide, and most
patients have advanced disease at diagnosis
[1]. Even with the best available chemotherapy
strategies, the 5-year survival rate for most
patients with progressive non-small cell lung
cancer (NSCLC) is disappointing [2]. Studies
purporting to improve the survival of patients
with NSCLC now mostly focus on new targeted
molecular therapies against key signaling path-

EGFR tyrosine kinase inhibitors (EGFR-TKIs)
have proven efficacious for treating patients
harboring sensitive EGFR mutations [3-7]. EGFR
mutation detection has become a routine
molecular test with significant implications for
prognosis and therapeutic options. However,
acquiring sufficient amounts of tissue for ana-
lyzing EGFR mutations is not often feasible, and
more than 70% of patients with sensitive EGFR
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mutations do not benefit from EGFR-TKI treat-
ment [8-10]. Therefore, the efficacy of EGFR-TKI
is limited.

Cyclooxygenase (COX) is a rate-limiting enzyme
that converts arachidonic acid to prostaglandin
(PG) [11]; there are two isozymes: COX-1 and
COX-2. COX-1 is constitutively expressed in
many normal tissue types. COX-2 is inducible
and is overexpressed in inflammatory and many
neoplastic tissues [12-18]. COX-2 appears to
participate in various aspects of carcinogene-
sis, primarily through PG synthesis [19-22]. In
vitro studies have suggested that selective
COX-2 inhibitors inhibit cancer cell growth and
induce apoptosis in lung, digestive tract, and
breast cancer [23-28].

Multitargeted therapy is likely to come to the
fore as far as future therapeutic approaches for
cancer are concerned. As both COX-2 and EGFR
appear to be involved in many aspects of carci-
nogenesis, there has been great interest in
evaluating the simultaneous inhibition of both
pathways. Preclinical studies on colon, head
and neck, and breast cancer reported a syner-
gistic effect when COX-2 inhibitors were com-
bined with EGFR-TKI [29-32]. Although a previ-
ous study showed that combined celecoxib and
gefitinib did not benefit patients with NSCLC,
there was prolonged disease control for one
non-smoker female patient with adenocarcino-
ma who received the therapy for > 3 years [33-
35]. Molecular analyses revealed that her
tumor harbored an EGFR mutation. It is un-
known whether EGFR mutation status is asso-
ciated with the efficacy of combined celecoxib
and gefitinib. Therefore, we performed this st-
udy to investigate the relationship between
serum COX-2 and tissue EGFR mutation status
and the effect of combining the EGFR-TKI gefi-
tinib and the selective COX-2 inhibitor celecoxib
in NSCLC cell lines expressing wild-type or
mutant EGFR.

Materials and methods
Drugs and reagents

Gefitinib was provided by AstraZeneca UK Li-
mited, celecoxib was provided by Pfizer (Groton,
CT, USA). Both drugs were dissolved in 100
mmol/L dimethyl sulfoxide (DMSO) and stored
at -20°C until used. Tetrazolium (MTT) was pur-
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chased from Amresco. RPMI 1640, 0.25% tryp-
sin-0.02% ethylenediamine tetraacetic acid
(EDTA), and fetal bovine serum were purchased
from Gibco (Grand Island, NY, USA). The Annexin
V-Fluorescein Isothiocyanate (FITC)/Propidium
lodide (Pl) Apoptosis Detection Kit was pur-
chased from BioVision. The enzyme-linked im-
munosorbent assay (ELISA) kit for COX-2 was
purchased from USCN Life Science. Primary
antibodies for COX-2 were purchased from Cell
Signaling Technology (Beverly, MA, USA). Anti-
bodies for phosphorylated (p)-EGFR were pur-
chased from Abcam Technology.

Patients and serum samples

From December 2012 to February 2014, 44
patients with newly diagnosed lung adenocarci-
noma were enrolled in this study. Forty-four
samples were collected from the primary site.
All samples were examined histologically to
confirm the diagnosis of adenocarcinoma. The
tumor tissue samples were fixed in formalin
and paraffin-embedded.

To obtain the serum, 5 mL peripheral blood was
collected in coagulation-promoting tubes prior
to the initiation of therapy, and subsequently
centrifuged for 30 min to separate the serum.
The tissue EGFR mutation status was assess-
ed using the Amplified Refractory Mutation
System. Serum COX-2 levels were determined
using ELISA.

The Ethics Committee of the First Affiliated
Hospital, Shihezi University School of Medicine
(Xinjiang, China), approved this study. Eligible
patients were provided a written informed con-
sent form; those who signed the form were
recruited into the study.

Cell lines and culture

Two NSCLC cell lines with different EGFR muta-
tion status and EGFR-TKI sensitivity were us-
ed: A549 (wild-type) and HCC827 (mutant, del
E746-A750). The cell lines were purchased
from the Type Culture Collection of the Chinese
Academy of Sciences (Shanghai, China). Both
cell lines were grown in RPMI 1640 supple-
mented with 10% fetal bovine serum, 100 1U/
mL penicillin, and 100 ug/mL streptomycin in a
humidified atmosphere of 95% air and 5% CO,
at 37°C.
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Table 1. Clinicopathologic features of patients with NSCLC with

mutant or wild-type EGFR

pmol/L) or in combination (gefi-
tinib: 5, 10, 20, 40, 80, 160

Mutant EGFR Wild-type EGFR

umol/L; celecoxib: 5, 10, 20,

Variable (n =29) (n = 15) X? P 40, 80, 160 pmol/L). Subse-
Gender quently, MTT (0.5 mg/mL) was
Male 14 12 2908 0.088 added tg each well. .After 4 h,
Female 15 3 the medium was aspirated and
DMSO was added to each well.
Age,y Color intensity at 490 nm was
<60 12 6 0.008 0.930 measured using a Tecan mic-
260 17 9 roplate fluorometer (Research
Smoking status Triangle Park, NC, USA). All ex-
Never-smoker 14 4 1.120 0.290 periments were replicated th-
Current/former smoker 15 11 ree times.
Stage . .
The formula devised by Jin (q =
s 8 5 0.157 0.692 Ea + b/Ea + Eb-Ea x Eb), which
v 21 10 can be used to measure the
ECOG score inhibitory effect of two drugs in
0~1 19 8 0.619 0.431 combination, was used to ana-
2~3 10 7 lyze the effect of the gefitinib
Serum COX-2 level and celecoxib combination. Ea
< 100 ng/mL 16 14 4.994 0.025 and Eb are the inhibitory effects
> 100 ng/mL 13 1 of drug a or b, respectively.

Table 2. Multivariable analysis of predictive factors for incidence

of EGFR mutation

Q-values that are > 1.15, 0.85-
1.15, or < 0.85 indicate syner-
gistic, additive, or antagonistic
effects, respectively.

Variable Coefficient  SE OR P . .

Gend 1.855 1.328 0.156 0.012-2.112 0.162 Quantification of apoptosis by
enaer e ’ ) e ' flow cytometry

Age,y 0.022 0.030 1.023 0.965-1.084 0.452

Stage -0.189 0.853 0.828 0.156-4.411 0.825 The pro_apoptotic effects of

Smoking status -1.076  1.308 0.341 0.026-4.431 0.411 gefitinib and celecoxib on the

ECOG score -1.292 0.842 0.275 0.053-1.432 0.125 NSCLC cell lines were analyzed

Serum COX-2 level 2516  1.178 12.385 1.231-124.567 0.033

by flow cytometry. Cells were

HCC827 A549

COX-2 b—-——- e o

p-EGFR

oot ———

Figure 1. Western blot analysis of COX-2 and p-EGFR
expression in A549 and HCC827 cells.

Analysis of cell growth inhibition

Cells (6000-8000/well) were seeded in a
96-well plate and incubated overnight at 37°C
before continuous 48-h exposure to gefitinib or
celecoxib individually (5, 10, 20, 40, 80, 160
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seeded in 6-well plates and
incubated for 48 h with gefitinib
(40 pumol/L), celecoxib (80 pmol/L), or gefitinib
(40 pmol/L) and celecoxib (80 umol/L). The
cells were stained with annexin V-FITC (0.5 pg/
mL) and PI (1 ug/mL) for flow cytometry analy-
sis. All experiments were performed three
times.

Protein extraction and western blotting

A549 and HCC827 cells were treated for 48
h with gefitinib (40 pmol/L), celecoxib (80
pmol/L), and gefitinib (40 ymol/L) and celecox-
ib (80 ymol/L) and the effects on COX-2 and
p-EGFR expression relative to B-actin expres-
sion were evaluated. Cells were lysed for 30
min on ice in buffer consisting of 250 nM NacCl,
5 mM EDTA, 50 mM Tris buffer (pH 7.5), 1%

Int J Clin Exp Pathol 2015;8(8):9010-9020
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Figure 2. Effects of gefitinib and celecoxib on NSCLC cell growth. A549 (A) and HCC827 (B) cells were treated with
serial dilutions of gefitinib (Ge, 0-160 ymol/L) and celecoxib (Ce, 0-160 pymol/L) individually and in combination

(Ge+Ce). C, Control.

Table 3. The g-value of growth inhibition of HCC827 and A549 cells treated with gefitinib and cele-

coxib

C1+G1 C2+G2 C3+G3 C4+G4 C5+G5 C6+G6
A549 0.95374233 1.015470455 1.0523125 1.344107872 1.777388889 1.482150552
HCC827 1.20338845 1.282147263 1.306860592 1.690951786 1.721800021 1.160257822

The g-value was calculated using the formula by Jin (n = 3). C1-6: 5, 10, 20, 40, 80, 160 pymol/L celecoxib, respectively. G1-6:
5, 10, 20, 40, 80, 160 umol/L gefitinib, respectively. Q-values > 1.15 are bolded.

P=0.001
100+ P=0.001
P=0.001 r p= '1
= =y
X 804 -
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2
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(2] f 1
& 40
o
o
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Figure 3. Induction of apoptosis by gefitinib and celecoxib in NSCLC cell lines.
A549 and HCC827 cells were treated with gefitinib (40 umol/L), celecoxib
(80 umol/L) individually and in combination. Flow cytometry revealed signifi-
cant differences (P < 0.05) when the combination treatment and each single

treatment were compared with the control.

NP-40, 0.1% sodium dodecyl sulfate (SDS), 1
mM sodium orthovanadate, 0.5% sodium
deoxycholate, 50 mM sodium fluoride, 1 mM
phenylmethylsulfonyl fluoride, and 1 pg/mL
pepstatin. Protein concentrations were mea-
sured using a BCA Protein Assay Kit (Pierce,
Rockford, IL, USA). The samples were loaded
on an SDS-polyacrylamide gel, and then elec-
trophoretically transferred to a nitrocellulose
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E3 Control
Celecoxib(80umol/L)
E3 Gefitinib(40umol/L)
IO Combination

membrane. The membranes
were incubated with the ap-
propriate primary antibodies.
Signal intensity was mea-
sured using a chemilumines-
cence detection system (Pie-
rce). Autoradiograms of the
western blots were scanned,
and the bands were quanti-
fied using AlphaEaseFC soft-
ware (Alpha Innotech).

Statistical analysis

The data are expressed as
the mean + standard devia-
tion. The x? test or Fisher’s
exact test was used to asse-
ss the association between
EGFR mutation and each clini-
copathologic parameter. Logistic regression
models were used to assess the association
between individual factors and incidence of
EGFR mutation. Variance analysis was used to
determine the remaining level of significance.
Statistical analyses were conducted using
SPSS version 18.0 (IBM, New York, NY, USA). A
P-value of < 0.05 was considered statistically
significant.

Int J Clin Exp Pathol 2015;8(8):9010-9020
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Figure 4. COX-2 and p-EGFR expression in NSCLC cells treated with gefitinib, celecoxib, and gefitinib plus celecoxib.
A549 and HCC827 cells were treated for 48 h with gefitinib (40 umol/L), celecoxib (80 pmol/L), or gefitinib and ce-
lecoxib combined. There was significant COX-2 and p-EGFR downregulation both cell lines following treatment with

gefitinib plus celecoxib compared to that following treatment with either drug alone.

Results

Correlation between serum COX-2 levels and
EGFR mutation

We analyzed the correlation between tissue
EGFR mutations and clinical characteristics,
and found that serum COX-2 levels were the
only correlative factor (Table 1). Mutations at
EGFR gene were found in 29 of the 44 patients.
In 29 cases (65.91%) were observed EGFR
gene mutations, including 12 cases of L858R
mutation, 15 cases of exon 19 mutation, and 2
cases of exon 18 mutation. The EGFR mutation
rates of the patients with high serum COX-2 lev-
els (= 100 ng/mL) were significantly higher
than that for the patients with low COX-2 levels
(< 100 ng/mL) (92.9% vs. 53.3%, P = 0.025).
Multivariate analysis also showed that high lev-
els of COX-2 were independently associated
with EGFR gene mutations (Table 2, P = 0.033,
odds ratio [OR] = 12.385, 95% confidence
interval [Cl] = 1.231-124.567). We analyzed the
potential for predicting mutations based on
high COX-2 levels. The sensitivity, specificity,
positive predictive value, and negative predic-
tive value of high COX-2 levels for predicting
EGFR mutations were 44.8%, 93.3%, 92.9%,
and 46.7%, respectively.

COX-2 and p-EGFR expression in NSCLC cells

Figure 1 depicts the baseline expression of
COX-2 and p-EGFR in the two cell lines. Both
cell lines expressed COX-2 and p-EGFR pro-
teins; however, COX-2 and p-EGFR expression
in HCC827 cells was higher than that in A549
cells.
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Gefitinib and celecoxib induction of growth
inhibition

Cell growth inhibition of the A549 and HCC827
cells was measured by detecting cell density
following the addition of gefitinib and celecoxib.
The median inhibitory concentration (IC50) of
celecoxib, gefitinib, and celecoxib plus gefitinib
in the A549 and HCC827 cells were 163.4
pmol/L, 105.6 pmol/L, and 43.68 pmol/L,
respectively, and 69.2 umol/L, 14.9 umol/L,
and 7.9 umol/L, respectively (Figure 2). High-
dose celecoxib enhanced the growth inhibitory
effect of gefitinib in both cell lines, but no
enhancement of inhibition was observed in the
A549 cell line when low-dose celecoxib were
used. The g-value indicated the same synergis-
tic therapeutic effect (Table 3; Figure 2).

Induction of apoptosis by gefitinib, celecoxib,
and gefitinib plus celecoxib

Apoptosis assays were performed on the A549
and HCC827 cells to determine the mechanism
of the observed growth inhibition. Administered
individually, both gefitinib (40 umol/L) and cele-
coxib (80 umol/L) induced apoptosis in both
cell lines (Figure 3). However, apoptosis was
higher in HCC827 cells than in A549 cells fol-
lowing single-agent gefitinib and celecoxib
treatment. Compared to their use as single
agents, celecoxib and gefitinib combined sig-
nificantly enhanced apoptosis in the HCC827
and A549 cells.

Modulation of COX-2 and p-EGFR

COX-2 and p-EGFR protein expression was
determined in A549 and HCC827 cells treated

Int J Clin Exp Pathol 2015;8(8):9010-9020
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with  gefitinib (40 pmol/L), celecoxib (80
umol/L), or gefitinib and celecoxib (Figure 4).
No significant change in COX-2 expression was
observed in either cell line following treatment
with gefitinib alone, nor was there a significant
change in p-EGFR expression in either cell line
following treatment with celecoxib alone. COX-2
and p-EGFR protein levels were significantly
decreased in both cell lines after the combined
drug treatment.

Discussion

The EGFR signal transduction pathway has
been a hotspot for research on cancer, lung
cancer in particular. In the past few years, there
has been rapid development of EGFR-TKIs for
treating NSCLC, and reports on their efficacy
[36-39]. However, EGFR-TKI efficacy is most
common in patients with sensitive EGFR muta-
tions [3-7]. EGFR mutations are associated
with better prognosis in patients treated with
EGFR-TKIs [40], and occur more frequently in
patients with lung adenocarcinoma [41]. The
samples used for detecting EGFR mutations
are usually tumor tissue; however, insufficient
tissue quantities limit detection for most cases
of advanced NSCLC. A previous study showed
that COX-2 expression was increased in human
lung cancer, specifically in adenocarcinoma
[42]. In the present study, we investigated the
relationship between EGFR mutation status
and serum COX-2 level, and found that serum
COX-2 levels were independently associated
with the presence of EGFR mutations and that
the incidence rate of EGFR mutations signifi-
cantly increased in tandem with serum COX-2
levels. We observed similar results in the
NSCLC cell lines. Flow cytometry determined
that expression of COX-2 and p-EGFR proteins
in the HCC827 cells, which express mutant
EGFR, was higher than that in the A549 cells
expressing wild-type EGFR. High COX-2 levels
appear to be related to EGFR mutation.

Elevated COX-2 levels have been implicated in
apoptosis, tumor invasion, angiogenesis, and
suppression of anti-tumor immunity [43-47].
COX-2 inhibitors play a role in the growth inhibi-
tion and apoptosis of many cancer cell lines,
including NSCLC [48-53]. In our study, celecox-
ib inhibited proliferation of the NSCLC cell lines
A549 and HCC827 in a dose-dependent man-
ner. We also verified the pro-apoptotic effect of
high-dose celecoxib single-agent treatment on
both NSCLC cell lines.
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Not all patients harboring sensitive EGFR muta-
tions benefit from EGFR-TKI treatment [8-10].
Both EGFR and COX-2 are overexpressed in
NSCLC and are associated with tumorigenesis,
and the use of COX-2 inhibitors combined with
EGFR-TKI treatment has generated much inter-
est in recent years [54, 55]. In colon, head and
neck, and breast cancer, a preliminary syner-
gistic growth inhibitory effect was observed
when COX-2 inhibitors were combined with
EGFR-TKIs [8-10]. However, in NSCLC, Gadgeel
et al. showed that in unselected patients with
platinum-refractory NSCLC, the response rate
to combined celecoxib and gefitinib was similar
to that following treatment with gefitinib alone.
The authors reported that one female; non-
smoker patient was free of tumor progression
for > 3 years after study enroliment. The drug
combination was well tolerated, and the most
common adverse effects were skin rash and
diarrhea [33-35]. These results suggest that
combined gefitinib and celecoxib therapy may
be more effective in patients with EGFR muta-
tion. Another recent study reported that the
efficacy of combining celecoxib with an EGFR-
TKI was significantly greater in NSCLC cells with
EGFR mutation than in NSCLC cells with wild-
type EGFR; the authors attributed it to more
complete inhibition of both pathways [56].
Chen et al. showed that when combined with
ZD1839, celecoxib induced stronger inhibition
of the related cell signal transduction pathways
in NSCLC [57]. However, the authors did not
determine EGFR mutation status. We per-
formed this study to investigate the effects of
gefitinib and celecoxib co-treatment on A549
and HCC827 cells. At high concentrations, cele-
coxib strengthened the cell proliferation inhibi-
tory effects of gefitinib in both cell lines, and
the g-value indicated that the effect of the two
drugs in combination was greater than that for
either drug as a single agent, indicating a syner-
gistic growth inhibitory effect. At low drug con-
centrations, however, synergistic growth inhibi-
tory effects were not observed in the A549 cell
line. Subsequent flow cytometry analysis sh-
owed that high-dose gefitinib (40 pymol/L) and
celecoxib (80 umol/L) led to a synergistic apop-
totic effect in both cell lines.

Cell signal transduction systems involved in
tumorigenesis are complex and are targeted by
many new therapeutic drugs, including EGFR-
TKI and COX-2 inhibitors. In a recent review,

Int J Clin Exp Pathol 2015;8(8):9010-9020
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Chen and colleagues suggested that EGFR and
COX-2 potentially interact in cell signal trans-
duction [57]. We used western blotting to
detect changes in p-EGFR and COX-2 expres-
sion in A549 and HCC827 cells following tre-
atment with gefitinib or celecoxib as single
agents, or in combination. There have been
many studies on the biology of EGFR signal
transduction in the past 40 years [58, 59]. We
found that using gefitinib to inactivate EGFR in
the A549 and HCC827 cells downregulated
p-EGFR expression. COX-2 is induced by many
stimuli, including oncogenes, tumor promoters,
and growth factors [60]. Recent studies have
indicated that EGFR activation might lead to
COX-2 expression [61-63]. In our study, gefitinib
decreased COX-2 expression in the A549 and
HCC827 cells, indicating that the EGFR signal
transduction pathway may participate in COX-2
stimulation. Conversely, other studies have sh-
own that the PGE2-activated signal transduc-
tion pathways are implicated in carcinogenesis
[64-68]. In our study, p-EGFR expression was
downregulated when A549 and HCC827 cells
were treated with high concentrations of cele-
coxib, indicating that COX-2 inhibitors can inhib-
it EGFR activation. When the A549 and HCC827
cells were treated with the combined celecoxib
and gefitinib, we detected enhanced inhibition
of p-EGFR and COX-2 expression, indicating the
synergistic effect of the drug combination in
NSCLC cells.

In conclusion, our results demonstrate that
high serum COX-2 levels may predict EGFR
mutations and that combining celecoxib with
gefitinib enhances growth inhibition and apop-
tosis in NSCLC cell lines with mutated EGFR; at
high drug concentrations, inhibition and apop-
tosis in NSCLC cell lines with wild-type EGFR
are enhanced. We also show that in NSCLC cell
lines, combining gefitinib and celecoxib results
in more effective inhibition of both the EGFR
and COX-2 pathways compared to the effect of
either agent alone. Our results suggest that th-
is combination will be beneficial for treating
NSCLC with mutated EGFR; in NSCLC with wild-
type EGFR, the benefit is likely to be limited to
the use of higher drug concentrations. We plan
to conduct animal studies to develop our in
vitro findings and to conduct further in vitro
studies to better define the mechanisms under-
lying our observations.
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