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  In this study, we evaluated the role of apurinic/apyrimidinic endonuclease1/redox factor-1 (Ref-1) 
on the tumor necrosis factor-α (TNF-α) induced cyclooxygenase-2 (COX-2) expression using A549 lung 
adenocarcinoma cells. TNF-α induced the expression of COX-2 in A549 cells, but did not induce 
BEAS-2B expression. The expression of COX-2 in A549 cells was TNF-α dose-dependent (5∼100 ng/ml). 
TNF-α-stimulated A549 cells evidenced increased Ref-1 expression in a dose-dependent manner. The 
adenoviral transfection of cells with AdRef-1 inhibited TNF-α-induced COX-2 expression relative to 
that seen in the control cells (Adβgal). Pretreatment with 10 μM of SB203580 suppressed TNF-α- 
induced COX-2 expression, thereby suggesting that p38 MAPK might be involved in COX-2 expression 
in A549 cells. The phosphorylation of p38 MAPK was increased significantly after 5 minutes of 
treatment with TNF-α, reaching a maximum level at 10 min which persisted for up to 60 min. However, 
p38MAPK phosphorylation was markedly suppressed in the Ref-1-overexpressed A549 cells. Taken 
together, our results appear to indicate that Ref-1 negatively regulates COX-2 expression in response 
to cytokine stimulation via the inhibition of p38 MAPK phosphorylation. In the lung cancer cell lines, 
Ref-1 may be involved as an important negative regulator of inflammatory gene expression.
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INTRODUCTION

  Cyclooxygenase (COX) is an enzyme that is responsible 
for the formation of important biological mediators referred 
to as the prostanoids, a group that includes the prosta-
glandins, prostacyclin and thromboxane. Two COX iso-
enzymes have been identified thus far: COX-1 and COX-2. 
COX-1 is constitutively expression in most tissues, and is 
generally responsible for the production of prostaglandins 
that control normal physiological functions; on the other 
hand, COX-2 is undetectable in the majority of tissues. 
COX-2 is an inducible enzyme, which is detected abun-
dantly in activated macrophages and other cells at in-
flammation sites. Recently, COX-2 has been shown to be 
upregulated in a variety of carcinomas, and to play a cen-
tral role in tumor genesis [1].
  COX-2 has been reported to be constitutively overex-
pressed in a variety of malignancies [2-5]. It has reported 
that COX-2 is frequently constitutively elevated in human 

non-small cell lung cancer [6-9]. The overexpression of COX-2 
in tumors may be critically important to tumor invasion 
and angiogenesis, as well as the suppression of host im-
munity [9]. Preclinical studies suggest that treatment with 
a selective COX-2 inhibitor may enhance the antitumor ef-
fects of chemotherapy [10,11]. Perioperative COX-2 in-
hibition could reduce tumor cell adhesion and the meta-
static potential of circulating tumor cells in non-small cell 
lung cancer [12].
  Apurinic/apyrimidinic endonuclease/redox factor-1 (Ref-1) 
is a ubiquitous multifunctional protein involved in the base 
excision repair pathways and has reducing properties that 
promote the binding of redox-sensitive transcription fac-
tors, such as AP-1, NF-κB, p53, Egr-1, and cMyb to their 
cognate DNA sequences [13]. Ref-1 performs an important 
anti-oxidative stress function. The overexpression of Ref-1 
repair function stimulates an increase in resistance to cer-
tain alkylating agents and oxidative stress [14]. It has been 
previously reported that Ref-1 inhibits TNF-α-induced in-
flammation in the vascular endothelial cells [15]. We re-
cently noted that nuclear and cytoplasmic expressions of 
Ref-1 were upregulated profoundly in the non-small cell 
lung cancer specimens, and its upregulation was found to 
be closely related with impaired antioxidant systems in cas-
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Fig. 1. Tumor necrosis factor-α (TNF-α) induced cyclooxygenase-2 
(COX-2) expression in the A549 cells. (A) The effect of TNF-α on 
COX-2 expression in BEAS-2B and A549 cells. COX-2 expression 
was analyzed via Western blotting 24 hr after exposure to TNF-α
(30∼100 ng/ml). (B) COX-2 expression in A549 cells evidenced 
dose-dependency to TNF-α (5∼100 ng/ml). (C) The time-dependent 
change of COX-2 expression in the response to TNF-α (30 ng/ml) 
in A549 cells.

es of lung cancer [16]. 
  Ref-1 is regulated at both the transcriptional and post- 
translational levels. In terms of transcriptional regulation, 
reactive oxygen species enhance the Ref-1 expression, which 
correlates with an increase of its endonuclease activity and 
redox activities [17,18]. Also, inflammatory cytokines in-
duced the increased Ref-1 expression as well as pro-in-
flammatory gene [19]. Therefore, it remains possible that 
Ref-1 performs certain roles in the induction of inflamma-
tory genes in cases of cancer. 
  However, the role of Ref-1 on COX-2 expression and its 
underlying mechanism have yet to be precisely determined. 
In this study, we evaluated the role of Ref-1 on TNF-α 
induced COX-2 expression using the A549 lung ad-
enocarcinoma cells.

METHODS

  Materials-Human tumor necrosis factor-α (TNF-α) was 
purchased from Sigma. SB203580, a specific inhibitor of 
p38 MAPK, was purchased from Tocris Bioscience (Bristol, 
UK). All reagents were obtained from Sigma-Aldrich unless 
stated otherwise.

Cell culture

  A549 derived from lung adenocarcinoma (ATCC #CCL-185) 
were maintained in RPMI 1640 containing 10% heat-inacti-
vated fetal bovine serum (v/v) and 100 U/ml Penicillin/Strep-
tomycin from Invitrogen (Carlsbad, CA, USA) in an atmos-
phere of 5% CO2 at 37oC. BEAS-2B, normal bronchial epi-
thelial cell lines were maintained and harvested using BEGM 
medium (Cambrex Bioscience, Walkersville, MD, USA). 
BEAS-2B cells were derived from human bronchial epithe-
lium transformed with an adenovirus12-SV40 hybrid virus [20].

Western blotting

  24 or 48 hr after infection with adenoviruses or TNF-α 
treatment, the expression and phosphorylation of proteins 
(50 μg) was evaluated via Western blotting as described 
previously [15]. A549 cells harvested in 100 μl of lysis buf-
fer containing 20 mM Tris-HCl, pH 7.5, 100 mM NaCl, 2 mM 
EDTA, 2 mM EGTA, 1 mM Na3VO3, 1 mM β-glycerophos-
phate, 4 mM Na pyrophosphate, 5 mM NaF and 1% Triton 
X-100 (v/v), and protease inhibitor cocktail. The lysate was 
then centrifuged for 20 min at 12,000 rpm and the super-
natants were collected. Proteins (50 μg) were separated via 
denatured reducing SDS-PAGE, and were electrotransfered 
onto nitrocellulose membranes. After blocking with 5% 
skim milk (w/v) for 2 h at room temperature, the blots were 
incubated overnight at 4oC with antibodies (dilution 1：1000) 
to Ref-1 (SC 5572, Santa Cruz), COX-2 (SC-1745, Santa 
Cruz), ERK (SC-093, Santa Cruz), phospho-p44/p42 MAPK 
(Erk 1/2, Cell Signaling), phospho-p38 MAPK and p38 
MAPK (Cell Signaling), and anti-β-actin (Sigma Co, USA) 
and subsequent detection was conducted using horseradish 
peroxidase-conjugated secondary antibody. Immunoreactivity 
was evaluated using an enhanced chemiluminescence 
(ECL) kit (Amersham Pharmacia Biotech, USA).

Adenoviral transfections

  Adenoviruses encoding for β-galactosidase (Adβgal) and 

full-length Ref-1 (AdRef-1), were generated via homologous 
recombination in human embryonic kidney 293 cells, as 
previously described [15]. The A549 cells were infected with 
0∼500 multiplicities of infection (MOI; particle forming 
units per cell) of the specified adenovirus for 24 h.

Statistical analysis

  Values are expressed as the means±S.E.M. Statistical 
evaluations were conducted using the Student's t-test, with 
p＜0.05 being considered significant.

RESULTS

TNF-α  induced COX-2 expression in A549 cells

  In order to determine whether TNF-α induces COX-2 ex-
pression in the normal epithelial cells and non-small cell 
lung cancer cell lines, we assessed the effects of TNF-α on 
COX-2 expression via Western blotting in 24 hr after ex-
posure of TNF-α (30∼100 ng/ml). As shown in Fig. 1A, no 
basal COX-2 expression was detected in BEAS-2B and 
A549 cell lines. However, TNF-α induced COX-2 expression 
in A549 cells, but not in BEAS-2B cells. The expression of 
COX-2 in A549 cells evidenced dose-dependency to TNF-α 
(5∼100 ng/ml) (Fig. 1B). TNF-α induced COX-2 expression 
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Fig. 2. Tumor necrosis factor-α (TNF-α) induced Ref-1 expression 
in the A549 cells. (A) Effect of TNF-α on the Ref-1 expression in 
the A549 cells. Ref-1 expression was analyzed via Western blotting 
24 hr after exposure to TNF-α (30∼100 ng/ml). β-actin was used 
as a loading control. (B) Densitometry analysis for Ref-1 expression. 
Each bar shows the mean±S.E. (n=4), *p＜0.05, **p＜0.01.

Fig. 3. Ref-1 inhibited COX-2 expression in the A549 cells. (A) 
Western blots for COX-2 and Ref-1. After the cells were treated 
with AdRef-1 (0∼500 MOI), the cells were stimulated with TNF-α
(30 ng/ml) for 18 hr. Western blotting was conducted using anti- 
COX-2 and anti-Ref-1 antibodies. The total adenovirus titer was 
balanced with Adβgal (500 MOI). (B) Densitometry analysis for 
COX-2 expression. Each bar showed the mean±S.E. (n=3), *p＜0.05, 
**p＜0.01.

reached a maximum level at 3 hr, and this level persisted 
for 24 hr in the A549 cells (Fig. 1C). This finding indicates 
that transformed cells (A549) were more sensitive than 
non-transformed cells (BEAS-2B) to TNF-α-induced COX-2 
expression.

Ref-1 expression was increased by TNF-α in A549 cells

  Human Ref-1 is regulated at both the transcriptional and 
translational levels [21] and is up-regulated in a reactive 
oxygen species-dependent manner [19]. Therefore, we ex-
amined the Ref-1 expression in response to TNF-α stim-
ulation for 18 hr in A549. Therefore, we evaluated Ref-1 
expression in response to 18 h of TNF-α stimulation in 
A549. As is shown in Fig. 2, TNF-α-stimulated A549 cells 
demonstrated the increase of Ref-1 expression in a dose-de-
pendent manner. Densitometry analysis data was plotted 
at the bottom of Fig. 2B.

Overexpression of Ref-1 inhibited TNF-α-induced COX-2 
expression

  As previously established TNF-α induced the expression 
of both COX-2 and Ref-1 in A549 cells. Therefore, we at-
tempted to determine whether Ref-1 affects COX-2 ex-
pression in response to TNF-α. After the treatment of cells 
with AdRef-1 (0∼500 MOI), the cells were stimulated with 
TNF-α (30 ng/ml) for 18 hr. A549 cells were immunoblotted 

using anti-COX-2 and anti-Ref-1 antibody. As is shown in 
Fig. 3, the adenoviral transfection of cells with AdRef-1 in-
hibited TNF-α-induced COX-2 expression relative to con-
trol cells.

Ref-1 inhibited p38 MAPK activation in A549 cells

  TNF-α can activate MAPKs in the signaling pathway, 
resulting in the expression of several cytokines [22]. As pre-
viously established Ref-1 inhibited COX-2 expression in 
A549 cells, we attempted to characterize the Ref-1-induced 
COX-2 expression in A549 cells. First, to evaluate the role 
of p38 MAPK on the expression of COX-2, the effects of 
SB203580, an inhibitor of p38 MAPK, were evaluated on 
the TNF-α-induced COX-2 expression. In this experiment, 
SB203580 was pretreated for 30 min prior to TNF-α treat-
ment, and the cells were exposed to TNF-α for 6 hours. 
Pretreatment with 10 μM of SB203580 suppressed TNF-α
-induced COX-2 expression, thereby suggesting that p38 
MAPK may be involved in the expression of COX-2 in A549 
cells, as shown in Fig. 4A.
  Finally, we attempted to determine whether Ref-1 in-
hibited p38 MAPK and ERK activation in response to TNF-α 
treatment. After the treatment of cells with Adβgal (200 
MOI) and AdRef-1 (200 MOI), the cells were stimulated 
with 30 ng/ml TNF-α for 0∼60 min at the indicated times. 
As shown in Fig. 4B, p38 MAPK phosphorylation was in-
creased significantly after 5 minutes of TNF-α treatment, 
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Fig. 4. Ref-1 inhibited p38 MAPK
activation in the A549 cells. (A) 
TNF-α induced COX-2 expre-
ssion was inhibited by SB203580
(10 μM), an inhibitor of p38 
MAPK. (B) Time-dependent change
of p38 MAPK activation (p-p38 
MAPK) and ERK activation (p- 
ERK) in the response of TNF-α
in the Adβgal or AdRef-1-trans-
fected A549 cells. (C) Densitometry
analysis for phospho-p38 MAPK 
expression. Each bar showed the 
mean±S.E. (n=4), **p＜0.01.

reaching a maximum level at 15 min that persisted for up 
to 60 min. ERK phosphorylation was also increased by 
TNF-α. Only p38MAPK phosphorylation was suppressed 
markedly in the Ref-1-overexpressed A549 cells. The over-
expression of Ref-1 suppressed p38 MAPK activation in the 
response to TNF-α, but it did not suppress ERK activation 
in A549 cells. Densitometry analysis for p38 MAPK was 
plotted at Fig. 4C. These results indicate that reduced p38 
MAPK activation performs a Ref-1-inhibitory effect in the 
transcriptional regulation of TNF-α-induced COX-2 expre-
ssion.

DISCUSSION

  The principal objective of this study was to elucidate the 
mechanisms responsible for the overexpression of Ref-1 and 
COX-2 in non-small cell lung cancer. These studies demon-
strated the novel inhibitory role of Ref-1 on tumor COX-2 
expression in response to TNF-α treatment in A549 lung 
adenocarcinoma cells.
  In this experiment, we employed an A549 cell line, which 
is known as a ras-transformed cell line among non-small 
cell lung cancer cell lines [23] and a normal epithelial cell 
line, the BEAS-2B cell line, was derived from human bron-
chial epithelium transformed by an Adenovirus12-SV40 hy-
brid virus [20]. In this experiment, A549 cells evidenced 
high sensitivity to the upregulation of COX-2 in response 
to TNF-α, as compared with BEAS-2B. This finding is con-
sistent with a previous report showing increased COX-2 ex-
pression in transformed cells [24]. In the preliminary study 
we also confirmed that NCI-H460 and VMRC-LCD human 
lung carcinoma cell lines did not evidence COX-2 expression 
in response to TNF-α (Data not shown). Therefore, we se-
lected A549 cell lines in this experiment.
  COX-2 has been implicated in the control of cell growth 
in cases of human non-small cell lung carcinoma. In cases 
of lung cancer, the expression of COX-2 has been observed 
at most stages of tumor progression. Almost all non-small 
cell lung cancer pre-invasive precursor lesions, as well as 
invasive lung carcinomas, express COX-2 at higher levels 
than are measured in normal lung tissue [6,25-28]. 
Additionally, COX-2 inhibitors inhibit proliferation and in-
duce apoptosis in human non-small cell lung carcinoma 

[29]. The critical function of TNF-α in chronic inflamma-
tory disease has previously been well established. TNF-α 
generated in a tumor microenvironment can function as an 
endogenous tumor promoter, and also as an inducer of the 
genes involved in inflammation and cell survival. It has 
been demonstrated that inflammatory cytokines were upre-
gulated in specimens of human lung cancer [30,31]. In this 
study, we confirmed TNF-α induced COX-2 expression in 
A549 cells, suggesting abundant COX-2 expression in can-
cer environments.
  TNF-α has also been demonstrated to contribute to the 
initiation of tumors by stimulating the production of geno-
toxic molecules--that is, molecules that can cause DNA 
damage and mutations, such as NO and ROS [32]. Ref-1 
is a multifunctional protein that is involved in the regu-
lation of reduction-oxidation, in addition to its DNA repair 
function. Our data demonstrate that Ref-1 is also upregu-
lated in the TNF-α stimulated A549 cells. Previously, we 
noted that Ref-1 expression was upregulated in lung ad-
enocarcinoma [16]. This data indicated that upregulated 
Ref-1 may be involved in cellular protection against TNF-α- 
stimulated environments.
  COX-2 catalyzes the rate-limiting step in prostaglandin 
synthesis, usually as a part of the inflammatory process. 
The expression of COX-2 may be upregulated in cancer cells 
or during the inflammatory response. Most significantly, 
COX-2 inhibitors repress tumor development in the lungs 
of cancer-treated mice [12]. Both Ref-1 and COX-2 ex-
pressions were upregulated in the several kinds of human 
cancer specimens, however, the crosstalk between Ref-1 
and COX-2 is not still defined. In this study, we attempted 
to determine whether Ref-1 is involved in the expression 
of COX-2 in a lung cancer cell line. In the present study 
we demonstrated the crosstalk between Ref-1 and COX-2 
in lung cancer cell lines, A549 cells. Exposure of TNF-α 
increased the endogenous Ref-1 expression as well as the 
induction of COX-2 expression, however the overexpression 
of Ref-1 suppressed markedly TNF-α-induced COX-2 ex-
pression in A549 cells. Those data suggested the increased 
Ref-1 in the response to TNF-α may be compensatory 
up-regulation for the reduction of TNF-α- induced in-
flammatory process. 
  It is also worth noting that the upregulation of COX-2 
expression induced by a variety of stimuli was involved in 
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the activation of the p38 MAPK and ERK pathways in A549 
[33-35]. TNF-α-induced COX-2 expression was inhibited by 
the p38 MAPK inhibitor SB203580, thereby indicating that 
of p38 MAPK activation performs an important function in 
COX-2 expression. The overexpression of Ref-1 inhibited 
p38 MAPK activation in response to TNF-α, but did not 
detectably inhibit the activation of ERK. In addition to the 
DNA repair function of Ref-1, it has also been demonstrated 
that Ref-1 suppresses oxidative stress [36,37] and performs 
an anti-inflammatory function in endothelial cells [15], 
monocytes/macrophages [38] and neointima of balloon-in-
jured carotid arteries [37]. 
  Our results, therefore, appear to indicate that Ref-1 neg-
atively regulates COX-2 expression in response to cytokine 
stimulation via the inhibition of p38 MAPK phosphory-
lation. In the lung cancer cell lines, Ref-1 may perform an 
important role as a negative regulator of inflammatory 
gene expression.
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