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We previously established two lung cancer cell lines, OKa-C-1 and
MI-4, which constitutively produce abundant granulocyte-colony
stimulating factor (G-CSF) and granulocyte macrophage-colony
stimulating factor (GM-CSF). Inflammatory cytokines, tumor ne-
crosis factor-alpha (TNF-αααα) and interleukin (IL)-1ββββ stimulated the
expression of G-CSF, GM-CSF, and cyclooxygenase (COX)-2 in the
two cell lines. It is known that increased COX-2 activity promotes
tumor growth and induces G-CSF and GM-CSF expression in non-
malignant cells, and that selective COX-2 inhibitors inhibit the
growth of some types of malignant cells. Therefore, we hypothe-
sized that inhibition of COX-2 activity might suppress constitutive
production of G-CSF or GM-CSF in addition to reducing the
growth of malignant cells. We confirmed that the selective COX-2
inhibitor, NS-398 suppressed the constitutive production of G-CSF
and GM-CSF, and the cell growth in both OKa-C-1 and MI-4 cell
lines. Prostaglandin E2 (PGE2) reversed the inhibitions of G-CSF
and GM-CSF expression, as well as cell growth, by NS-398. This
result confirms that the effects of NS-398 are based on the inhibi-
tion of COX activity. Some studies have indicated that nuclear
factor kappa B (NF-κκκκB) or MAPK (mitogen-activated protein ki-
nase) activation is related to upregulation of G-CSF, GM-CSF or
COX-2 expression in some types of cells. Therefore, we examined
if the actions of NS-398 might be mediated by the MAP kinase
pathway or NF-κκκκB activity in OKa-C-1 and MI-4 cells. We found
that NS-398 inhibits G-CSF and GM-CSF production and cell
growth through an extracellular signal-regulated kinase kinase
(MEK) signaling pathway in these cell lines. The prognosis of non-
small cell lung cancer showing G-CSF gene expression is signifi-
cantly worse. G-CSF overproduction by tumor cells is observed at
an advanced clinical stage. Our findings imply that a COX-2 inhib-
itor might improve the prognosis of patients with lung cancer
through the reduction of G-CSF or GM-CSF. (Cancer Sci 2003; 94:
173–180)

ccasionally, leukocytosis is observed in patients with sev-
eral cell types of carcinoma with an aggressive clinical

course.1–8) The overproduction of hematopoietic growth factor
granulocyte-colony stimulating factor (G-CSF) or granulocyte
macrophage-colony stimulating factor (GM-CSF) by tumor
cells is thought to be responsible for this paraneoplastic
syndrome.9, 10) Several reports have suggested that these cyto-
kines from tumor cells could have a potential role in stimulating
tumor growth and invasion.11–13) Therefore, it is possible that
suppression of these constitutive cytokines might lead to an im-
provement in the prognosis of patients with cancer in an ad-
vanced stage.14)

Recently, a new class of nonsteroidal anti-inflammatory
agents (NSAIDs) that selectively inhibits the cyclooxygenase
(COX)-2 has been developed. Traditional NSAIDs such as as-
pirin and indomethacin can inhibit both COX-1 and COX-2.
Selective COX-2 inhibitors provide therapeutic benefit with

less toxicity than traditional NSAIDs because the inhibition of
COX-1 has serious side effects such as peptic ulcer formation
and renal dysfunction.15, 16) In addition to inhibiting inflamma-
tory reactions, selective COX-2 inhibitors have been shown to
reduce proliferation and to increase apoptosis in some carci-
noma cell types.17, 18) COX-2 activity also potentiates G-CSF re-
lease by human vascular cells.19) These data raise the possibility
that COX-2 activation contributes to constitutive production of
G-CSF or GM-CSF by tumor cells, in addition to stimulating
tumor growth.

The signaling pathway of the constitutive G-CSF and GM-
CSF induction remains obscure in tumor cells. We have demon-
strated that tumor necrosis factor-alpha (TNF-α) and interleu-
kin-1beta (IL-1β) induced constitutive G-CSF or GM-CSF
production in a dose-dependent manner using two lung cancer
cell lines, MI-4 and OKa-C-1. It has been shown that TNF-α
and IL-1β activate nuclear factor-kappa B (NF-κB)20) and mito-
gen-activated protein kinase (MAPK)21) in some cell types, and
activated NF-κB and MAPK upregulate G-CSF and GM-CSF
production.22, 23) The suppression of cellular proliferation by
NS-398 is mediated by the inhibition of a MAPK signaling
pathway in a gastric cancer cell line,24) and the expression of
COX-2 is largely regulated by NF-κB in several cells,25, 26) sug-
gesting that constitutive production of G-CSF or GM-CSF and
the cell growth might be mediated through a NF-κB and MAP
kinase signaling pathway in OKa-C-1 and MI-4 cells as well.

The aim of this study was to examine whether the selective
COX-2 inhibitor NS-398 could suppress constitutive G-CSF or
GM-CSF expression in addition to cell growth, and to assess
the signaling pathways affecting the inhibition by NS-398 in
our two lung carcinoma cell lines OKa-C-1 and MI-4.

Materials and Methods

Reagents and supplies. Recombinant human TNF-α, IL-1β, G-
CSF, GM-CSF and prostaglandin E2 (PGE2) were obtained
from Sigma (St. Louis, MO) and N-[2-(cyclohexyloxy)-4-nitro-
phenyl]methanesulfonamide (NS-398) from Alexis Biochemi-
cals (San Diego, CA). Pyrrolidinedithiocarbamate (PDTC),
PD98059, and SB203580 were purchased from Calbiochem
(San Diego, CA). NS-398, PD98059 and SB203580 were pre-
pared with dimethyl sulfoxide (DMSO) as 1000×  stock and
were handled in subdued light conditions. Antihuman COX-2
monoclonal antibody was purchased from BD Biosciences
(Franklin Lakes, NJ). Enzyme-linked immunosorbent assay
(ELISA) kits for measuring the contents of G-CSF and GM-
CSF in culture medium were from TECHNE Corporation (Min-
neapolis, MN). “Cell Titer 96” AQueous one solution cell pro-
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liferation assay kit and “Cyto Tox 96” non-radioactive
cytotoxicity assay kit were purchased from Promega (Madison,
WI). NF-κB p65, Trans-AM kit for measuring the NF-κB acti-
vation was from Active Motif (Carlsbad, CA). Rabbit anti-
phospho-p38 MAPK and rabbit anti-phospho-p44/42 MAPK
antibodies were purchased from Cell Signaling Technology
(Beverly, MA).
Cell lines. In our laboratory, we have established two lung cancer
cell lines, OKa-C-1 and MI-4.6, 27) The OKa-C-1 and MI-4 lines
were derived from patients with squamous cell carcinoma and
large cell carcinoma, respectively. The two lung cancer cell
lines have been maintained in RPMI 1640 medium containing
10% fetal calf serum (FCS) at 37°C in an incubator, under a
100% humidified 5% CO2 atmosphere. Subcultures were car-
ried out twice weekly by removing the cells from 75-cm2 tissue
flasks with 0.025% trypsin in 0.02% EDTA and splitting them
1:3. For experiments, all cultures were grown to confluency in
24-well tissue culture plates in the presence of 10% FCS. Then,
the medium was changed to a fresh one containing 1% FCS.
After incubation for 24 h, the cells were treated with either NS-
398, TNF-α, or IL-1β, or one of the combinations under the
conditions indicated in the figure legends. Each conditioned
medium contained DMSO at the same final concentration as
the control. After 24 h, the cells were harvested with a cell
scraper (Becton Dickinson, Lincoln Park, NJ) for RNA and
protein analysis. The culture medium was collected after 48 h
for measurement of the G-CSF and GM-CSF contents by
ELISA, centrifuged at 1000g for 10 min to remove cell debris
and stored at −80°C. Each experiment was performed in triplicate.
Expression of COX-2 protein following treatment with TNF-αααα and IL-
1ββββ. The constitutive enzyme, COX-1, is present in most cells
and tissues, while the inducible enzyme, COX-2, is expressed
in response to a variety of stimuli.28, 29) We examined whether
inflammatory cytokines, TNF-α and IL-1β could induce COX-
2 expression in OKa-C-1 and MI-4 cells. OKa-C-1 and MI-4
cells were plated in 100-mm3 dishes and grown to 80% conflu-
ence. The medium was changed to a fresh one containing 1%
FCS and incubated for 24 h. Then, the cells were treated with
10 ng/ml of TNF-α or IL-1β. After incubation for 24 h, cells
were collected, and lysates were prepared as described below.
Western blot analysis. The medium was removed, then the cell
monolayers were washed three times with phosphate-buffered
saline and lysed in ice-cold buffer [50 mM Tris-buffered saline
(pH 8.0), 150 mM NaCl, 0.002% sodium azide, 0.1% sodium
dodecyl sulfate (SDS), 100 µg/ml phenylmethylsulfonyl fluo-
ride, 10 µg/ml leupeptin, 10 µg/ml pepstatin, 1 µg/ml aproti-
nin, 200 mM sodium orthovanadate, 1% (octylphenoxy)poly-
ethoxyethanol, and 0.5% sodium deoxycholate] for 20 min on
ice followed by centrifugation at 4°C for 5 min to sediment
the particulate material. The protein concentration of the super-
natant was measured with a Bradford assay (Bio-Rad, Hercules,
CA). Ten micrograms of protein was separated on 10% SDS-
polyacrylamide gels and transferred onto nitrocellulose mem-
branes (Bio-Rad). Each membrane was blocked overnight at
4°C using I-block (Tropix, Bedford, MA) and incubated with
1:500 dilution of mouse monoclonal antihuman COX-2 antibody
(BD Biosciences). Ovine COX-2 protein standards (BD Biosci-
ences) served as a positive control. Chemiluminescence was
determined using the Western-Star kit (Tropix) according to the
manufacturer’s instructions.
Quantitative RT-PCR. Total RNA was extracted from the cultured
cells exposed to a range of concentrations of NS-398 (0–100
µM) after 24 h by the guanidine thiocyanate method using
ISOGEN solution (Nippon Gene Co., Tokyo). One microgram
of the RNA was converted to cDNA with Molony murine leu-
kemia virus reverse transcriptase in 20 µl of reaction mixture.
For quantification, 1 µl aliquots of cDNA samples were sub-
jected to PCR in 50 µl of reaction solution containing 0.5 µM

of each specific primer, 10 mM Tris-HCl, 50 mM KCl, 1.5 mM
MgCl2, 0.2 mM dNTP, and 1 unit of Taq polymerase. Primers
used for G-CSF were 5′-TAGAGCAAGTGAGGAAGATC-
CAGG-3′ for sense and 5′-AGTTCTTCCATCTGCTGCCA-
GATG-3′ for antisense, giving a 328 bp fragment. Primers used
for GM-CSF were 5′-ATGTGGCTGCAGAGCCTGCTGC-3′
for sense and 5′-CTGGCTCCCAGCAGTCAAAGGG-3′ for
antisense, giving a 424 bp fragment. Primers used for COX-2
were 5′-CAGCACTTCACGCATCAGTT-3′ for sense and 5′-
TCTGGTCAATGGAAGCCTGT-3′ for antisense, giving a 756
bp fragment. Primers used for β-actin were 5′-ACCTTCAA-
CACCCCAGCCATG-3′ for sense and 5′-GGCCATCTCT-
TGCTCGAAGTC-3′ for antisense, giving a 309 bp fragment.
Reaction was performed for 20 cycles for β-actin and 30 cycles
for G-CSF in a DNA thermal cycler (TaKaRa, Ohtsu). The
PCR steps included denaturation at 94°C for 1 min, annealing
at 58°C for 1 min, and polymerization at 72°C for 1 min. Am-
plification cycle numbers were optimized for each sequence us-
ing the serial dilution method to achieve a dose-dependent
amplification.30) One microliter of PCR product was electro-
phoresed on 1% NuSieve GTG agarose gel and stained with
ethidium bromide. The intensity of the bands was evaluated us-
ing a UV-light box imaging system (Atto, Tokyo).
Cell proliferation assay for NS-398. For the evaluation of sensitiv-
ity to NS-398, cell proliferation assay was performed using the
“Cell Titer 96” AQueous One Solution Cell Proliferation Assay
kit (Promega). Briefly, 2×105 cells were plated in 96-well
plates and exposed continuously for 48 h to a range of concen-
trations of NS-398. The absorbance of the solution was mea-
sured at 490 nm in a spectrophotometer. Three independent
experiments were carried out in quadruplicate.
Detection of G-CSF and GM-CSF. The concentration of G-CSF or
GM-CSF in the culture medium was determined using an
ELISA kit according to the supplier’s instructions. The sensitiv-
ities of these kits are 0.4 pg/ml and 3.0 pg/ml for G-CSF and
GM-CSF, respectively. The value of G-CSF or GM-CSF in the
conditioned medium was normalized for the relative number of
cells using values obtained in the cell proliferation assay. G-
CSF or GM-CSF level in the fresh medium was below the de-
termination limit of these kits.
G-CSF or GM-CSF expression and cell growth following treatment
with NS-398. To evaluate the effect of a specific COX-2 inhibitor
on the G-CSF or GM-CSF expression and the cell growth, cells
were treated with various concentrations of NS-398 (0–100
µM). G-CSF or GM-CSF content and mRNA expression, and
cell growth were assayed by the methods described above.
PGE2 is an enzymatic product of COX. We tested whether
PGE2 would reverse the inhibitory effect of NS-398 on G-CSF
or GM-CSF expression and cell growth. Cells were pretreated
with NS-398 (10 µM) for 8 h then were incubated with PGE2
(10 µM). In addition, we investigated whether exogenous G-
CSF or GM-CSF could reverse the inhibition of cell growth im-
posed by the treatment with NS-398. Cells were pretreated with
NS-398 (10 µM) for 8 h and then were incubated with various
concentrations of G-CSF or GM-CSF. G-CSF or GM-CSF
mRNA expression and cell growth were assayed after 24 h and
48 h, respectively, by the methods described above.
Effect of specific NF-κκκκB or MAPK inhibitor on G-CSF and GM-CSF pro-
duction, and cell growth. To investigate the involvement of NF-
κB and the MAPK pathway in constitutive G-CSF or GM-CSF
production and cell growth, we treated the cells with a specific
NF-κB inhibitor, PDTC (10 µM), an extracellular signal-regu-
lated kinase kinase (MEK) inhibitor, PD98059 (10 µM), or a
p38 MAPK inhibitor, SB203580 (10 µM). The G-CSF or GM-
CSF content, and the cell growth were assayed by the methods
described above.
Microwell colorimetric NF-κκκκB assay. To evaluate the effect of NS-
398 on the NF-κB activation, cells were treated with various
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concentrations of NS-398 (0–100 µM) for 24 h. The NF-κB
activation in the cell extract was quantified using a TransAM
NF-κB p65 kit according to the supplier’s instructions. The
absorbance of the solution was measured at 450 nm in a spectro-
photometer. We checked the specificity of the assay in a
competition experiment using the wild-type NF-κB-consensus
binding sequence.
Effect of NS-398 on phosphorylation of p38 and p44/42 MAPK. To
evaluate the effect of NS-398 on the phosphorylation of two
major types of MAPKs, ERK and p38 MAPK in MI-4 and
OKa-C-1 cells, the cells were exposed to various concentrations
of NS-398 (0–100 µM) for 3 h. The cells were lysed, and the
lysate was subjected to SDS-polyacrylamide gels electrophore-
sis and transferred onto nitrocellulose membranes as described
above. Membranes were incubated with 1:2000 dilution of rab-
bit anti-phospho-p44/42 MAPK antibody or rabbit anti-phos-
pho-p38 MAPK antibody. Chemiluminescence was determined
using the Western-Star kit (Tropix) according to the manufac-
turer’s instructions.
Cytotoxic effect of NS-398, PDTC, PD98059 and SB203580 on OKa-C-1
and MI-4 cells. To evaluate the cytotoxic effect of NS-398,
MAPK inhibitors and NF-κB inhibitor, the cells were cultured
with 10 µM PDTC, PD98059 or SB203580 for 24 h. Released
lactate dehydrogenase (LDH) in culture supernatants was quan-
titatively measured using a “Cyto Tox 96” cytotoxicity assay
kit. The absorbance of the solution was measured at 490 nm in
a spectrophotometer.
Statistics. Values are presented as mean±SE. The unpaired t test
was used to determine the statistical significance of differences.
For all analyses, a value of P<0.05 was considered significant.

Results

TNF-αααα or IL-1ββββ induces G-CSF and GM-CSF production. TNF-α or IL-
1β dose-dependently stimulates the release of G-CSF and GM-

CSF into the medium and induces mRNA expression (data not
shown) in OKa-C-1 and MI-4 cells (Fig. 1).
TNF-αααα or IL-1ββββ induces COX-2 expression in OKa-C-1 and MI-4 cells.
To determine the COX-2 expression, OKa-C-1 and MI-4 cells
were stimulated with TNF-α (10 ng/ml) or IL-1β (10 ng/ml)
for 24 h, and western blot analysis was performed with anti-
COX-2 monoclonal antibody. As shown in Fig. 2a, TNF-α or
IL-1β significantly induced COX-2 expression in OKa-C-1 and
MI-4 cells. The induction of COX-2 appeared to be stronger in
OKa-C-1 cells than in MI-4. Quantitative RT-PCR also showed
that TNF-α or IL-1β induced COX-2 expression in these cell
lines. In addition, the COX-2 inhibitor NS-398 (10 µM) sup-
pressed this inducible COX-2 expression (Fig. 2b).
NS-398 inhibits G-CSF or GM-CSF expression and cell growth. OKa-
C-1 and MI-4 cells were treated with vehicle or NS-398 at con-
centrations ranging from 0.1–100 µM. The effects on G-CSF or
GM-CSF production and mRNA expression were determined
after 48 h and 24 h of treatment, respectively. We found that
NS-398 induced a dose-dependent inhibition of G-CSF or GM-
CSF release and mRNA expression in OKa-C-1 and MI-4 (Fig.
3, a, b). The mRNA expression and the release of these cyto-
kines were inhibited by as little as 1.0 µM NS-398 in OKa-C-1
and MI-4 cells. The effects on cell growth were determined af-
ter 48 h of treatment. NS-398 dose-dependently inhibited cell
growth of OKa-C-1 and MI-4 (Fig. 3c). Growth inhibition was
induced even with 1.0 µM NS-398 in MI-4, while 1–10 µM
was required in OKa-C-1. Concentrations of 1–10 µM NS-398
had no cytotoxic effect in these cell lines (Fig. 3d).
PGE2 reverses the effect of NS-398 on G-CSF or GM-CSF expression
and cell growth. To confirm that the effects of NS-398 on G-
CSF or GM-CSF expression and cell growth were caused by
the suppression of COX-2 activity, PGE2 (10 µM) was added
after treatment with NS-398 (10 µM). PGE2 reversed G-CSF or
GM-CSF mRNA expression (Fig. 4a) and cell growth (Fig. 4b).
Exogenous G-CSF or GM-CSF reverses the inhibition of cell growth
imposed by treatment with NS-398 in OKa-C-1 and MI-4 cells. We

Fig. 1. IL-1β and TNF-α enhance G-CSF and GM-CSF production in
OKa-C-1 and MI-4 cells. These cells were treated with various concen-
trations (0–100 ng/ml) of TNF-α and IL-1β for 24 h. The G-CSF or GM-
CSF content in the culture medium was determined using an ELISA kit.
The data represent the mean±SE of 4 wells from three independent ex-
periments. ∗ P<0.01 vs. control. ∗∗ P<0.001 vs. control.  IL-1β, 
TNF-α.
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Fig. 2. IL-1β and TNF-α induce COX-2 expression in OKa-C-1 and MI-4
cells. These cells were treated with 10 ng/ml of TNF-α or IL-1β for 24 h.
(a) COX-2 protein levels were examined by western blot analysis. Lane
1, vehicle; lane 2, TNF-α (10 ng/ml); lane 3, IL-1β (10 ng/ml); lane 4, pos-
itive control (ovine COX-2 protein standards). (b) COX-2 mRNA levels
were also examined by RT-PCR. Lane 1, vehicle; lane 2, TNF-α (10 ng/
ml); lane 3, TNF-α (10 ng/ml) +  NS-398 (10 µM); lane 4, IL-1β (10 ng/ml);
lane 5, IL-1β (10 ng/ml) +  NS-398 (10 µM). Results are representative of
three independent experiments.
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Fig. 3. NS-398 inhibits G-CSF and GM-CSF expression in OKa-C-1 and MI-4 cells in a dose-dependent manner. These cells were cultured in 1% FCS
medium containing vehicle or various concentrations (0–100 µM) of NS-398. The G-CSF (a) or GM-CSF (b) in the culture medium was determined
after 24 h using ELISA kit. The data represent the mean±SE of 4 wells from three independent experiments. ∗ P<0.01 vs. control. ∗∗ P<0.001 vs.
control. Total RNA was isolated from the cells after 24 h as well, then G-CSF (a), GM-CSF (b) and β-actin mRNAs expressions were examined by RT-
PCR analysis. Results are representative of three independent experiments. Lane 1, vehicle; lane 2, NS-398 (0.1 µM); lane 3, NS-398 (1.0 µM); lane
4, NS-398 (10 µM); lane 5, NS-398 (100 µM). (c) Growth-inhibitory effects of NS-398 were examined after 48 h by a cell proliferation assay kit. The
data represent the mean±SE of 4 wells from three independent experiments. ∗ P<0.05 vs. control. ∗∗ P<0.01 vs. control. ∗∗∗ P<0.001 vs. control.

 OKa-C-1,  MI-4. (d) Cytotoxic effects of NS-398 were examined after 24 h by a cytotoxicity assay kit. The data represent the mean±SE of 4
wells from three independent experiments. ∗ P<0.05 vs. control.  OKa-C-1,  MI-4.
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Fig. 4. PGE2 reverses the inhibitions of G-CSF and GM-CSF expression, and cell growth in OKa-C-1 and MI-4 cells. Cells were pretreated with NS-
398 (10 µM) for 8 h, then incubated with PGE2 (10 µM) for 24 h. (a) PGE2 reverses the inhibition of G-CSF and GM-CSF expression by NS-398 in OKa-
C-1 and MI-4 cells. Results are representative of three independent experiments. Lane 1, vehicle; lane 2, NS-398 (10 µM); lane 3, NS-398 (10 µM) +
PGE2 (10 µM). (b) PGE2 reverses the inhibition of cell growth by NS-398 in OKa-C-1 and MI-4 cells. The data represent the mean±SE of 4 wells from
three independent experiments. ∗ P<0.05 vs. control. ∗∗ P<0.01 vs. control.  OKa-C-1,  MI-4.
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examined whether exogenous G-CSF or GM-CSF could reverse
the inhibition of cell growth imposed by NS-398. G-CSF or
GM-CSF sufficiently reversed cell growth at a low concentra-
tion in both cell lines (Fig. 5).
NF-κκκκB and MAPK inhibitors inhibit G-CSF or GM-CSF expression. To
investigate whether NF-κB activation and the MAPK pathway
are associated with G-CSF or GM-CSF production in OKa-C-1
or MI-4 cells, cells were treated with 10 µM PDTC, PD98059
or SB203580. After 48 h, the G-CSF and GM-CSF in the me-
dium were measured with ELISA kits. In MI-4 cells, PD98059
and SB203580 reduced the G-CSF production by ~30% in pro-
tein level, and PD98059 suppressed the GM-CSF production by
~7%, while PDTC had no effect on G-CSF and GM-CSF pro-
duction. In OKa-C-1 cells, all three inhibitors reduced G-CSF
production by ~20%. SB203580, PD98059 and PDTC reduced
GM-CSF production by ~20%, ~50% and ~60%, respectively
(Fig. 6a). The expression of G-CSF and GM-CSF mRNAs was
examined after 24 h by RT-PCR. Changes of G-CSF or GM-
CSF mRNA expression were similar to those of protein in
OKa-C-1 and MI-4 cells (Fig. 6b). Growth inhibition by
SB203580, PD98059 or PDTC was examined after 48 h with a
“Cell Titer 96” cell proliferation assay kit. SB203580 and
PD98059 inhibited cell growth dose-dependently, while PDTC
was ineffective at 0–10 µM (Fig. 6c). SB203580, PD98059 and
PDTC at 10 µM had scarcely any cytotoxic effect on these cell
lines (Fig. 6d).

Involvement of p44/42 MAPK (Erk1/2) pathway in NS-398 inhibition
signaling in MI-4 and OKa-C-1 cells. To examine the effects of NS-
398 on NF-κB activation in MI-4 and OKa-C-1 cells, we mea-
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Fig. 6. NF-κB and MAPK inhibitors suppress G-CSF and GM-CSF production, and cell growth in OKa-C-1 and MI-4 cells. (a) These cells were treated
with vehicle, SB203580 (10 µM), PD98059 (10 µM) and PDTC (10 µM). G-CSF and GM-CSF in the medium were measured after 48 h by ELISA kits.
The data represent the mean±SE of 4 wells from three independent experiments. ∗ P<0.01 vs. control. ∗∗ P<0.001 vs. control. (b) The expression
of G-CSF and GM-CSF mRNAs was examined after 24 h by RT-PCR. Lane 1, vehicle; lane 2, SB203580 (10 µM); lane 3, PD98059 (10 µM); lane 4, PDTC
(10 µM). Results are representative of three independent experiments. (c) The effects of SB203580, PD98059 or PDTC on cell growth were examined
after 48 h with a cell proliferation assay kit. The data represent the mean±SE of 4 wells from three independent experiments. ∗ P<0.05 vs. control.
∗∗ P<0.01 vs. control.  PDTC,  PD98059,  SB203580. (d) Cytotoxic effects of SB203580, PD98059 and PDTC were examined after 24 h with a
cytotoxicity assay kit. The data represent the mean±SE of 4 wells from three independent experiments.  OKa-C-1,  MI-4.

Fig. 5. Exogenous G-CSF or GM-CSF reverses inhibition of cell growth
imposed by treatment with NS-398 in OKa-C-1 and MI-4 cells. Cells
were pretreated with NS-398 (10 µM) for 8 h, then incubated with G-
CSF (1–104 U/ml) or GM-CSF (0.1–100 ng/ml) for 48 h. The data repre-
sent the mean±SE of 4 wells from three independent experiments.
∗ P<0.05 vs. treatment with NS-398 (10 µM) alone. ∗∗ P<0.01 vs. treat-
ment with NS-398 (10 µM) alone.  OKa-C-1,  MI-4.
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sured the NF-κB activation by NF-κB p65, using a Trans-AM
kit. NS-398 at 0–10 µM did not decrease the NF-κB activation
in the cell lines (Fig. 7b). Time course studies revealed that 10
µM NS-398 did not decrease NF-κB activation within 24 h in
these cell lines (data not shown). We analyzed the effects of
NS-398 on the phosphorylation of two major types of MAP ki-
nases, ERK and p38 MAPK, by western blotting in MI-4 and
OKa-C-1 cells. The phosphorylation of p44/42 MAPK was
suppressed by NS-398 in a dose-dependent manner in the two
cell lines, while that of p38 MAPK was not (Fig. 7b). Time
course studies revealed that decreases in phosphorylation of
p44/42 MAPK by NS-398 (10 µM) were detectable at 2–4 h in
the cell lines, while no change of p38 MAP kinase was seen
within 24 h (data not shown).

Discussion

We previously established two lung cancer cell lines, a squa-
mous cell carcinoma cell line OKa-C-1 and a large cell carci-
noma cell line MI-4, from patients with marked leukocytosis.
Both cell lines constitutively produce high levels of G-CSF and
GM-CSF. However, the biological properties associated with
the overproduction of G-CSF and GM-CSF by tumor cells are
not well known. Several reports have demonstrated the pres-
ence of an autocrine growth loop for G-CSF31, 32) and GM-
CSF13) in non-hematopoietic tumor cells. However, our cell
lines did not have an autocrine growth loop for G-CSF,27) and
they were not investigated for GM-CSF. To our knowledge,
there have been no reports about autocrine growth control by
G-CSF in lung cancer. Nevertheless, the prognosis is signifi-
cantly worse in non-small cell lung cancer showing G-CSF pro-
duction.14) In addition, G-CSF production by tumor cells
significantly increases at an advanced clinical stage. These re-
sults suggest that G-CSF overproduction by lung carcinoma
cells might lead the lung tumor to grow via a non-autocrine
mechanism, so control of G-CSF and GM-CSF production by
lung tumor cells might improve the prognosis of patients.

In addition to inflammatory reactions, COX-2 has been im-
plicated in the development of colon cancer and may play a
role in promoting invasion, metastasis, and angiogenesis in
established tumors.16–18) Previous reports have shown that a
significantly increased expression of COX-2 is frequently seen
in a specific type of lung cancer (i.e., adenocarcinoma), in con-
trast to the scattered weak reactivity seen in normal peripheral
airway epithelial cells, and that such an increase in COX-2
expression may be a clinically significant prognostic factor
for patients undergoing surgical resection of early-stage
adenocarcinomas.33, 34) Selective COX-2 inhibitors reduce pro-
liferation and increase apoptosis in some cell types of
carcinoma.17, 18) These results indicate that increased COX-2 ac-
tivity also might have a growth advantage for lung cancer. A
previous report has shown that human vascular smooth muscle
cells are capable of releasing G-CSF and GM-CSF as well as
large amounts of prostaglandins following induction of COX-2,
when stimulated with cytokines.19) Thus, COX-2 activity ap-
pears to be closely associated with inducible G-CSF and GM-
CSF production in nonmalignant cells. However, it is unclear
whether increased COX-2 activity can also promote G-CSF and
GM-CSF production in tumor cells. In this study, we examined
whether constitutive G-CSF or GM-CSF production by tumor
cells, and the cell growth could be inhibited by the COX-2 in-
hibitor NS-398 in the two lung cancer cell lines, OKa-C-1 and
MI-4. We found that NS-398 dose-dependently reduced the G-
CSF or GM-CSF expression and the cell growth. The growth-
inhibitory effect of NS-398 on lung cancer cell lines has been
reported previously by Chang and Weng.35) They found that
some COX-2 inhibitors potently induce apoptosis, while other
COX-2 inhibitors primarily induce growth inhibition. Thus,
COX-2 inhibitors have variable effects on cancer cells. They
concluded that the level of COX-2 expression correlates with
the extent of apoptosis induced by COX-2 inhibitors. In our
study, less than 10 µM NS-398 had scarcely any cytotoxic ef-
fect on OKa-C-1 or MI-4 cells, suggesting that NS-398 might
primarily induce growth inhibition rather than apoptosis in the
cell lines under the present culture conditions.

In OKa-C-1 and MI-4 cells, even less than 10 µM NS-398
decreased G-CSF and GM-CSF expression at both mRNA and
protein levels. Inhibition of cell growth was also induced at a
low dose of NS-398. NS-398 has been shown to lose its selec-
tivity for COX-2 at high concentrations.36) The use of a high
concentration of NS-398 might affect the nuclear peroxisome
proliferator activated receptor (PPAR) or other genes involved
in proliferation,37) suggesting that the possibility of an indepen-
dent action mechanism of COX-2 inhibitor other than COX-2
inhibition cannot be excluded at this time. Therefore, we inves-
tigated whether an enzymatic product of COX, PGE2, might re-
verse the inhibitory effect of NS-398 in OKa-C-1 and MI-4
cells. We found that 10 µM PGE2 reversed the inhibitions of
cell growth and G-CSF or GM-CSF mRNA expression caused
by 10 µM NS-398 in these cell lines. These results indicate that
NS-398 specifically inhibits COX activity in our cell lines. We
examined whether exogenous G-CSF or GM-CSF could reverse
the inhibition of cell growth imposed by NS-398 (10 µM) in or-
der to clarify whether the reduction of G-CSF or GM-CSF is
biologically significant in the COX-2 inhibitor-mediated
growth inhibition. We found that G-CSF and GM-CSF signifi-
cantly reversed the cell growth even at low concentrations.
These results suggest that NS-398 inhibits anchorage-indepen-
dent growth and invasiveness through the reduction of G-CSF
or GM-CSF.

COX-2 is induced by cytokines and tumor promoters in
inflammatory cells and human tumors.38–40) We showed that
the inflammatory cytokines, TNF-α and IL-1β induced COX-2
expression in addition to G-CSF or GM-CSF in OKa-C-1 and
MI-4 cells.27, 41) Some studies have reported that NF-κB activa-
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Fig. 7. NS-398 does not inhibit NF-κB activation in OKa-C-1 and MI-4
cells. NS-398 decreases the phosphorylation of p44/42 MAPK in OKa-C-
1 and MI-4 cells. These cells were treated with various concentrations
(0–100 µM) of NS-398. (a) The NF-κB activation in the cell extract was
quantified after 24 h using a TransAM NF-κB p65 kit. The absorbance
of the solution was measured at 450 nm in a spectrophotometer. We
checked the specificity of the assay in a competition experiment using
the wild-type NF-κB consensus binding sequence.  oligonucleotide
(+),  oligonucleotide (−). (b) The effects of NS-398 on the phosphor-
ylation of p38 MAPK and p44/42 MAPK were examined after 3 h by
western blot analysis. Results are representative of three independent
experiments.
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tion is required to upregulate G-CSF, GM-CSF, or COX-2
expression,42–49) and that inactivation of the NF-κB also induces
rapid pro-apoptotic action.45) COX-2 activation was also shown
to follow the activation of MAPK in another cell type.46) Be-
sides p38, NF-κB and MEK, the Akt/PKB pathway plays an
important role in COX-2 mRNA and protein induction and in
tumorigenesis.47) We examined whether the inhibition of G-CSF
or GM-CSF production and the cell growth by NS-398 was me-
diated through NF-κB or the MAPK signaling pathway in OKa-
C-1 and MI-4 cells. In MI-4 cells, the inhibition of p38 MAPK
or MEK suppressed G-CSF production, and MEK GM-CSF. In
OKa-C-1 cells, the p38 MAPK, MEK, and NF-κB inhibitiors
all suppressed both G-CSF and GM-CSF production.
SB203580, PD98059 and PDTC (10 µM), which were used to
suppress G-CSF or GM-CSF expression, had no cytotoxicity in
these cell lines. The p38 MAPK inhibitor and the MEK inhibi-
tor suppressed cell growth dose-dependently, but PDTC had
scarcely any influence. NS-398 decreased the phosphorylation
of Erk1/2 but not p38, and had no effect on NF-κB activation.
Overall, NS-398 appeared to inhibit constitutive G-CSF or GM-
CSF production through the MEK signaling pathway in the cell

lines. However, in this study, reversal of the inhibition of G-
CSF or GM-CSF expression and cell growth by PGE2 was par-
tial, not complete, suggesting that constitutive G-CSF or GM-
CSF production by tumor cells and cell growth might not nec-
essarily be regulated by COX-2 activity alone. The promoter
region of the human COX-2 gene contains two NF-κB consen-
sus sites,48) the activating transcription factor (ATF)/cAMP-re-
sponse element (CRE) site49) and the NF/IL6 site,50) though the
extent to which each site contributes to COX-2 induction is un-
known. Some reports suggest that the COX-2 gene is regulated
at the posttranscriptional level, though this represents a minor
element in COX-2 mRNA induction.51) Thus, further studies are
required to elucidate the mechanism of constitutive G-CSF and
GM-CSF production by tumor cells.

To our knowledge, this is the first report to show that a selec-
tive COX-2 inhibitor suppresses the constitutive G-CSF and
GM-CSF expression in lung tumor cells. These results provide
an experimental basis for clinical studies designed to determine
whether COX-2 inhibitors will be useful in the chemopreven-
tion or treatment of G-CSF or GM-CSF-producing lung cancer
with a progressive clinical course.
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