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Although many studies highlighted cyclooxygenase2 
(COX2) inhibition as a promising therapeutic strategy for 
cancer, more evidence is needed for clinical application. The 
purpose of this study was to investigate the feasibility of 
COX2 inhibition as a strategic treatment modality for head 
and neck carcinoma (HNC). We tested COX2 inhibitor, cele-
coxib in six types of HNC cells and analyzed the expression 
changes in proteins related to angiogenesis and apoptosis 
in vitro. We also evaluated proliferation, gelatinolysis and in 

vitro invasion. We used a hamster carcinogenesis model 
and a mouse tumorigenesis model for the in vivo evaluation 
of COX2 inhibition. We performed immunohistochemistry to 
assess changes in the expression of COX2, survivin and 
angiogenesis. Celecoxib administration caused decreases 
in the expressions of COX2, VEGF and survivin in vitro. 
Proliferation, in vitro invasion and gelatinolytic activity were 
reduced in HNC cell lines, but the effect was inconsistent 
across lines. COX2 inhibition retarded oral carcinogenesis 
from an early carcinogenic stage with increased apoptosis 
and decreased survivin expression. COX2 inhibition did not 
inhibit tumor growth, even with the COX2 downregulation 
and decrease in neovascularization. We conclude that COX2 
inhibition has a chemopreventive effect, but its application 
as a treatment of HNC in a clinical setting still requires fur-
ther research to overcome its limited anti-cancer effects.  
 
 
INTRODUCTION 
 
Head and neck carcinoma typically has a poor prognosis; the 
five-year survival rate of HNC is only 35-50%, despite recent 
advances in radiation therapy, improvements in surgical tech-
niques, and the advent of aggressive chemotherapy protocols 
(Parkin et al., 2005). The poor prognosis of HNC may be ex-
plained by its aggressiveness, metastasis and tendency for 
local invasion (Woolgar et al., 2003). 

Epidemiological studies have demonstrated the anticarcino-
genic efficacy of non-steroidal anti-inflammatory drugs (NSAIDs) 
against a number of malignancies, and therefore many authors 
have proposed cyclooxygenase 2 (COX2) as a target for cancer 

prevention and treatment (Edwards et al., 2004; Park et al., 2004; 
Ristimaki et al., 2001; Ulrich et al., 2006; Yang et al., 2010). 
COX2 is a critical factor in carcinomas of various organs and 
plays a role in tumor development through enhancement of tu-
mor cell survival (Chan et al., 1999; Jason et al., 2005; Ristimaki 
et al., 1997; 2001). Female transgenic mice that were designed 
to overexpress COX2 have high frequencies of mammary gland 
hyperplasia, dysplasia and metastatic tumors (Liu et al., 2001). In 
addition, overexpression of COX2 is frequently observed in pre-
malignant tissues and cancers (Wilson et al., 1998; Zimmermann 
et al., 1999). COX2 influences several processes important to 
cancer development, such as apoptosis, angiogenesis and inva-
siveness, although the relative importance of each of these ef-
fects in tumorigenesis is uncertain (Chan, 2002; Dannenberg et 
al., 2001; Harris, 2007; Kulp et al., 2004). There is ample evi-
dence suggesting that COX2 is mechanistically linked to the 
development of malignancies and that increased levels of COX2 
activity can induce malignant transformation. Nevertheless, the 
practical clinical application of COX2 inhibition is still questionable 
and under study. 

Although some studies have reported that COX2 inhibition 
shows antiangiogenic and chemopreventive effects on head 
and neck carcinomas (Crowell et al., 2006; Feng and Wang, 
2006; Hao et al., 2009; Wang et al., 2002), the importance of 
COX2 in HNC is not fully understood. Goodin et al. claimed that 
it is necessary to continuously pursue the possibility of COX 
inhibition as a strategic treatment modality of HNC (Goodin and 
Shiff, 2004). Thus, the main purpose of our study was to inves-
tigate the feasibility of COX2 inhibition as a noble and strategic 
treatment modality for HNC. The main hypothesis is that direct 
and selective inhibition of COX2 using celecoxib could signifi-
cantly alter the expression levels of several proteins related to 
apoptosis, invasion and angiogenesis in HNC in vitro and in 

vivo. As a result, COX2 inhibition should show strong anti-
carcinogenic, anti-proliferative and anti-invasive effects in HNC 
cell lines in vitro, and chemopreventive and anti-tumorigenic 
effects in animal models in vivo. 

This study was composed of two parts. The first was to 
evaluate the changes in expression of some cancer markers in 
response to COX2 inhibition in several HNC cell lines and to 
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assess anti-cancer activity with respect to cytotoxicity and in 

vitro invasion. The second was to assess chemoprevention and 
anti-tumorigenesis effects in vivo in a hamster carcinogenesis 
model and a nude mouse tumorigenesis model. 
 
MATERIALS AND METHODS 
 
Cell culture and expression of COX2, survivin and VEGF in 
HNC cell lines 
Six HNC cell lines, HSC-3, KB, SCC-4, SCC-9, SCC-15, and 
SCC-25 were purchased from the Japanese Cell Resources 
Bank (JCRB, Japan) and ATCC (American Type Culture Col-
lection, USA). Cells were cultured in Dulbecco’s Modified Ea-
gle’s Medium (DMEM: Gibco, USA) supplemented with 10% 
fetal bovine serum (Gibco), 100 U/ml penicillin and 100 μg/ml 
streptomycin (Gibco) at 37°C in a humidified atmosphere of 5% 
CO2. Cells were lysed in RIPA buffer containing protease and 
phosphatase inhibitors and equal amounts of protein extract 
were electrophoresed on 10% SDS polyacrylamide gels and 
electrotransferred to a nitrocellulose membrane, which was 
incubated in 5% BSA for 3 h followed by overnight incubation 
with antibodies against COX2 (rabbit polyclonal, Abcam, USA), 
survivin (sc-17779, Santa Cruz Biotechnology, USA) and 
VEGF (A-20, Santa Cruz Biotechnology). After washing the 
membrane, alkaline phosphatase-conjugated secondary anti-
bodies were added and incubated. Color was visualized using 
ECL solution and quantified using a scanning densitometer. 
Protein extracts of human melanoma tissue were used for a 
positive control of COX2, VEGF and survivin. 
 
The effect of COX2 inhibition on cell survival and  
invasiveness 
The cytotoxic effects of celecoxib (Celebrexⓡ, Pfizer, USA) 
were determined by MTT assay (Sigma, USA). Cells were 
seeded into 96-well plates at a density of 4 × 102 cells/well. The 
cells were serum-starved and then treated with various doses 
of celecoxib (0-50 μM) for 48 h. Cells were washed with Dul-
becco’s phosphate buffered saline (PBS; Sigma) and 0.5 mg/ml 
3-[4,5-dimethylthiazol-2-yl]-2,5-diphenyltetrazolium bromide was 
added. After incubation at 37°C in 5% CO2 for 4 h, dimethyl 
sulfoxide (Sigma) was added and the absorbance at 570 nm 
was measured with a spectrophotometer. 

For the in vitro invasion assay, matrigel matrix-coated 9-mm 
cell culture inserts (pore size: 8 μm; Becton Dickinson, USA) 
were set in a 24-well plate. Cells were seeded at a density of 5 
× 103 cells/well into the upper layer of the culture insert and 
cultured with serum-free DMEM in the presence of 10 μM cele-
coxib for 24 h. Control cells were cultured in the same media 
without celecoxib. The lower layer of the culture insert con-
tained 0.5 ml HT1080 cell conditioned media as a chemoattrac-
tant. After incubation, the cells remaining in the upper layer 
were swabbed with cotton and the cells penetrating into the 
lower layer were fixed with 5% glutaraldehyde and stained with 
hematoxylin. The total number of cells that passed through the 
Matrigel matrix and the 8 μm pores of the culture insert was 
counted using optical microscopy (× 100) and designated as 
the invasion index (cell number/area). 

We performed gelatin zymography to evaluate the effect of 
COX2 inhibition on gelatinolytic activity. Gelatin was added to a 
10% polyacrylamide separating gel to a final concentration of 
0.1 mg/ml. In the celecoxib-treated group, cell-seeded plates 
were incubated with serum-free medium in the presence of 10 
μM celecoxib for 24 h. Ten ml of the conditioned medium was 
filtered through a 0.22-μm filter and 12 μl medium was mixed 
with sample buffer (10% SDS, 50% glycerol, 25 mM Tris-HCl, 

pH 6.8, and 0.1% bromophenol blue) and loaded onto the gel. 
Following electrophoresis, the gels were washed twice in 2.5% 
Triton X-100 for 30 min at room temperature to remove the SDS. 
The gels were then incubated overnight at 37°C in a substrate 
buffer containing 50 mM Tris-HCl and 10 mM CaCl2 at pH 8.0. 
The gel was stained with 0.15% Coomassie blue R250 in 50% 
methanol/10% glacial acetic acid for 20 min at room temperature 
and destained in the same solution without stain. Fresh serum-
free medium containing an identical concentration of celecoxib 
was used as an internal negative control. The gelatinolytic activity 
of activated (62 kDa) forms of MMP-2, visible as a band on the 
gel, was measured by two-dimensional densitometric analysis 
using the BioRad scanning densitometer. The activity of the acti-
vated form of MMP-2 present in 10 μl (0.5 μg total protein) of 
conditioned media from primary cultured normal oral mucosal 
fibroblasts was defined as 10 arbitrary units of MMP-2. 
 
Evaluation of chemopreventive effect and apoptosis 
Male Syrian hamsters aged 8-10 weeks and weighing between 
110 and 125 g were obtained and maintained under controlled 
conditions of temperature and humidity with an alternating 
light/dark cycle. Animals were housed four to a polypropylene 
cage and were provided with a standard pellet diet and water 
ad libitum. A total of 80 hamsters were divided into two groups, 
a control group without celecoxib treatment and an experimen-
tal group with celecoxib treatment. Both groups were further 
divided into four subgroups: four weeks (n = 10), eight weeks (n 
= 10), 12 weeks (n = 10) and 16 weeks (n = 10). All animals 
were painted with 0.5% DMBA on their left buccal pouches 
once a day until the end of experiment. Animals in the experi-
mental group were given celecoxib orally at a dose of 1500 
ppm (Feng and Wang, 2006; Wang et al., 2002), starting one 
week before exposure to the carcinogen and continuing until 
sacrifice of the animals. The experiment was terminated after 
16 weeks and all animals were sacrificed by cervical dislocation. 
The frequency of tumor bearing hamster were obtained and the 
number of tumor mass per animal were counted and compared. 

For histopathological examination, buccal pouch tissues were 
fixed in 10% formalin and embedded in paraffin, and then 4-5 
μm sections were cut and saved for H&E staining and immu-
nohistochemical analysis. Induction of apoptosis in hamster 
carcinoma cells was confirmed using a TUNEL system kit (Ta-
kara, Japan). After deparaffinization, slides were washed with 
distilled water, incubated with 20 μg/ml Proteinase K at room 
temperature for 15-30 min, and washed with PBS. Slides were 
incubated in 3% H2O2 for 5 min to inactivate endogenous per-
oxidase and washed. After the addition of 50 μl labeling reac-
tion mixture and incubation in a 37°C humidified incubator for 
60-90 min, the reaction was terminated by washing in three 
changes of PBS for 5 min each wash. Slides were incubated in 
70 ml anti-HRP conjugate at 37°C for 30 min, and washed 
three times in PBS for 5 min per wash. After staining with DAB 
at room temperature for 10-15 min, the reaction was terminated 
by washing with distilled water. The apoptosis index was de-
fined as the percentage of positive cells in 1,000 cells. 
 
Evaluation of anti-tumorigenesis 
We chose KB and SCC-9 cell lines for inoculation of nude mice 
because they showed a significant difference in COX2 inhibition 
in vitro and possess celecoxib-sensitive and resistant properties 
in proliferating assays, and both cell lines were tumorigenic in 
the preliminary study. Detached cells were diluted and emulsi-
fied with medium to a final cell concentration of 5 × 107cells/ml. 
Two hundred μl of the emulsion was inoculated subcutaneously 
into the right flank of thirteen six-to-eight-week-old female BALB/c 
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Table 1. Change of in vitro invasion and gelatinolytic activity by COX2 inhibition 

 KB HSC3 SCC-4 SCC-9 SCC-15 SCC-25 

Control  155.1 ± 11.7 142.1 ± 11.5 368.2 ± 9.7 68.2 ± 8.4 102.7 ± 19.5 182.4 ± 8.1 Migrating cell count 
(cells/area) Celecoxib treated 86.0 ± 5.3* 45.2 ± 6.4* 105.5 ± 9.8* 72.5 ± 4.1 99.8 ± 4.4 191.5 ± 6.9 

Control  66.7 ± 4.4 76.4 ± 3.7 55.1 ± 4.9 53.9 ± 9.2 87.5 ± 7.0 22.4 ± 4.2 Gelatinolytic activity 

(units/µg) Celecoxib treated 49.9 ± 2.7* 69.8 ± 7.9* 42.3±4.0* 7.1 ± 2.1* 91.9 ± 10.7 11.9 ± 3.1* 

*Significantly lower than the control group (p < 0.05) 

 
 
nude mice (Samtako, Korea) weighing approximately 20 g 
which were kept in an environment complying with NIH guide-
lines for the care and use of laboratory animals. Each group 
contained ten animals and celecoxib was administered when 
the volume of the ensuing mass reached 75-100 mm3. Ani-
mals in the experimental group were given celecoxib orally at 
a dose of 1,500 ppm every day until sacrifice. The lengths 
and widths of the masses were measured by caliper every 
three days and the tumor volumes (in cubic millimeters) was 
calculated using the following equation: Volume (mm3) = 
Length × Width2 × 1/2. The relative tumor volume (RTV) was 
calculated as RTV = Vi/Vo, where Vi is the tumor volume at 
any given time and Vo is the volume at the time of initial 
treatment. Each animal was weighed twice a week to evalu-
ate any drug toxicity effects. The mice were sacrificed 30 
days after initial treatment and the tumor mass was excised 
and frozen for immunohistochemistry. 
 
Immunohistochemical evaluation of COX2, survivin, VEGF 
and CD31 
Immunohistochemical analysis of survivin and COX2 expres-
sion were performed using rabbit polyclonal survivin (ab469, 
Abchem, UK) and COX2 (Cayman Chemical, USA) antibodies, 
according to previously published methods (Crowell et al., 
2006; Hsue et al., 2008). COX2 immunoreactivity in the ham-
ster model was graded according to the most carcinogenic 
lesion present in the buccal pouch, on a point intensity scale 
from 0 to 2 (0 = absent/weak; 1 = intermediate; 2 = intense 
staining) by two oral pathologists. Survivin immunoreactivity 
was measured using the method previously described by Ken-
nedy et al (Kennedy et al., 2003). Survivin immunoreactivity 
was semiquantitatively evaluated based on the percentage of 
cells demonstrating distinct nuclear and/or diffuse cytoplasmic 
immunohistochemical reactivity. Five areas were chosen for 
analysis of each slide at × 40 magnification and nuclear and 
cytoplasmic tumor cell immunoreactivities were not separately 
assessed. Arbitrary scores for immunoreactivity were assigned 
based on the percentage of positive cell numbers/observed cell 
numbers as follows: grade 0, < 5%; grade 1, 5-20%; grade 2, 
21-50%; grade 3, 51-75%; grade 4, > 76%. A cutoff value of > 
20% was established as strong expression and tumors with a 
score of 0 or 1 were considered to have weak expression. 

For assessment of angiogenesis in the nude mouse model, 
we used JC70 monoclonal antibody (DAKO) recognizing 
CD31 (platelet/endothelial cell adhesion molecule; PECAM-1, 
1:20). Blood vessel density was assessed using the method 
described by Bosari (Bosari, 1992). Briefly, the three areas 
with the highest vascularization were chosen at low power (× 
40 and 100). The number of microvessels in each area was 
counted under high magnification (× 200) and the average 
value of the three fields was used to evaluate the relationship 
between survivin expression and microvessel density. Mi-
crovessels adjacent to necrotic areas were excluded from the 
analysis. 

Statistical analysis 
All in vitro experiments were repeated at least three times until 
reproducible results were obtained. The statistical significance 
of the differences between the two groups was determined 
using a Mann-Whitney U test or a t-test. A p value of < 0.05 
was regarded as significant. 
 
RESULTS 
 
The effects of COX2 inhibition on expression of COX2, 
survivin, and VEGF and in vitro cytotoxicity 
After immunoblotting, all cell lines showed strong expression of 
COX2 protein, but the level of expression varied between cell 
lines (Fig. 1A). The COX2/β-actin relative intensity was signifi-
cantly higher in KB, SCC9, SCC15, and SCC25 than in HSC3 
and SCC4 cell lines. Celecoxib administration (10 μM) signifi-
cantly inhibited COX2 expression in all HNC cell lines, but the 
level of inhibition also varied according to each cell line (Fig. 
1B). SCC4 cells showed no detectable expression and KB cells 
showed low expression with celecoxib treatment, whereas 
other cell lines still notably expressed COX2 protein in spite of 
inhibition. In the KB and SCC4 cell lines, the difference in COX 
expression before and after celecoxib administration was sig-
nificantly higher than that of other cell lines. COX2 expression 
in the KB and SCC4 post-treatment group decreased by 87.6% 
and 99.9% of expression before treatment, respectively, while 
other cell lines expressed levels of COX2 over 50% of the 
original expression. COX2 inhibition also caused significant 
reduction in survivin and VEGF expression in all HNC cell lines 
(Fig. 1E). In cytotoxicity assays, cells were exposed to continu-
ous celecoxib treatment at concentrations of 0, 10, 20, 30, 40 
and 50 μM. Inhibition of COX2 induced dose-dependent cyto-
toxicity only in KB and SCC4 cell lines, but had no significant 
anti-proliferative effect on HSC3, SCC9, SCC15 and SCC25 
cell lines (Fig. 2). In the two sensitive cell lines (KB and SCC-4), 
30 μM celecoxib reduced cell growth by 50%, whereas this 
concentration of celecoxib had no significant inhibitory effect on 
cell proliferation of the other cell lines. 
 
Effects of COX2 inhibition on invasiveness in vitro 
Celecoxib significantly reduced the invasive potential of KB, 
HSC-3 and SCC-4 cells (Table 1). In an in vitro invasion assay, 
COX2 inhibition reduced the degree of cellular invasion through 
the artificial basement membrane as shown in Fig. 3 (HSC-3 
case). The invading cell counts for celecoxib-treated KB, HSC3 
and SCC4 cells were 86.0 (± 5.3), 45.2 (± 6.4) and 105.5 (± 
9.8), respectively, compared with 155.1 (± 11.7), 142.1(± 11.5) 
and 368.2 (± 9.7) for untreated controls (p < 0.05). Meanwhile, 
when we performed gelatin zymography, there were significant 
differences in the gelatinolytic activity by MMP-2 activation be-
tween treated and control cells for all cell lines except the 
SCC15 cell line shown in Fig. 3 and Table 1. For example, in 
the KB cell line, the MMP-2-induced gelatinolytic activity of the 
celecoxib-treated group was 66.7 (± 4.4) U, and that of the 
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Fig. 2. Cytotoxic effects of COX2 inhibition in six types of HNC cell 

lines. The anti-proliferating effects of COX2 inhibition were evalu-

ated by MTT assay. Cells were treated with 0-50 µM celecoxib for 

72 h and the percentage of growth inhibition was determined after 

48 h of treatment. KB and SCC-4 cell lines had significant dose-

dependent growth inhibition due to COX2 inhibition (p = 0.007), but 

no effect was observed in HSC3, SCC9, SCC15 and SCC25 cell 

lines (p > 0.05). 

 
 
control group decreased to 49.9 (± 2.7)U (p < 0.05). 
 
Chemopreventive effects of celecoxib in animal models 
In the hamster buccal pouch carcinogenesis model, we ob-
served cancer phenotypes of hyperkeratosis, mitotic figures 
and nuclear pleomorphism in the control group. At the end of 
the experiment, all animals in the control group and eight of ten 
animals in the celecoxib treated group exhibited multiple tumors 
and all animals demonstrated histologically carcinomatous 
figures (Table 2). The number of tumor mass per animal was 
higher in the control group (2.7 ± 0.78) than in the group of 
hamsters that received celecoxib (1.7 ± 1.42), however, there’s 
no significance. However, in histological evaluation, COX2  
inhibition also caused delays in the early stages of carcino-

genesis; at weeks 8 and 16, the levels of hyperkeratosis, mitotic 
figures and nuclear pleomorphism were lower in the celecoxib-
treated group than in the control group (Table 2). The progress 
of carcinogenesis was inhibited by celecoxib administration until 
16 weeks, when we observed significant histological differ-
ences between celecoxib-treated and control animals. In addi-
tion, the celecoxib-treated group showed higher apoptosis in-
dexes than the control group at eight, 12 and 16 weeks, and 
there was a statistically significant difference in the degree of 
apoptosis between the experimental and control groups (Figs. 
4A and 4B, Table 2). 

Immunohistochemical analyses revealed that the levels of 
COX2 inhibition in oral carcinogenesis were significant (Figs. 
4C and 4D). While the average rank of COX2 expression in the 
control group was 13.25 to 14.40, COX2 expression signifi-
cantly decreased to 7.25 to 7.60 in the drug administered group 
(Table 2, p < 0.05). Survivin immunoreactivity was primarily 
observed in the cytoplasm of carcinogenic cells. Survivin was 
detected in the early stages of carcinogenesis at four weeks 
until termination of the experiment at 16 weeks. The immuno-
reactivity of survivin expression became stronger as carcino-
genesis progressed in the control group (Figs. 4E and 4F, Ta-
ble 2). With COX2 inhibition, the immunoreactivity of survivin, 
also decreased in oral carcinogenesis process, as shown in 
Table 2 and Figs. 4E and 4F. With regard to the intensity of 
survivin expression, it was more definite and extensive in the 
control group, compared to the sparse and weak expression in 
the treated group. We observed five cases of strong survivin 
expression the 12-week control group and seven in the 16-
week control group. On the contrary, we observed two cases of 
strong survivin expression in the 12-week experimental group 
and two cases in the 16-week experimental group (Table 2). 
 
Anti-tumorigenic effects of celecoxib in animal models 
In the anti-tumorigenesis experiment using nude mice, there 
were no significant differences in body weight between the 
control and experimental groups during the course of the ex- 
periment. The relative tumor volumes (RTV) of two kinds (KB and

Fig. 1. Expression of COX2, survivin 

and VEGF in HNC cell lines. (A) Im-

munoblotting results for COX2, survivin, 

and VEGF proteins in six kinds of HNC 

cell lines before and after treatment (10

µM, 24 h). Each protein expression 

varied according to each HNC cell line. 

(-: pretreatment, +: posttreatment). (B) 

COX2 inhibition with celecoxib. COX2 

inhibition with celecoxib also varied si-

gnificantly depending on cell line. COX2 

was inhibited by 87.6% and 99.9% in KB 

and SCC4 cells, respectively but not by 

50% in other cell lines. With COX2 inhi-

bition, expression of survivin and VEGF 

were also significantly inhibited (p =

0.011). 
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Table 2. Chemopreventive effect of COX2 inhibition in oral carcinogenesis model 

Control group Celecoxib treated group 
 

4 w 8 w 12 w 16 w 4 w 8 w 12 w 16 w 

Hyperkeratosis + ++ +++ +++ ±
†
 +

†
 ++

†
 ++

†
 

Acanthosis ± + +++ +++ -
†
 + ++

†
 ++

†
 

Mitotic figures - + +++ +++ - -
†
 ++

†
 ++

†
 

Nuclear 

Pleomorphism 
- + ++ +++ - - +

†
 +

†
 

Apoptotic index  17.4 (± 3.8) 13.2 (± 4.6) 12.1 (± 3.2) 12.7 (± 3.0) 16.5 (± 7.2) 24.1 (± 5.4)* 23.7 (± 7.7)* 25.8 (± 9.1)*

COX2 immunoreactivity
†† 

13.40 13.50 13.25 14.40 7.60** 7.50** 7.25** 7.60** 

Survivin immunoreactivity‡ 2/10 3/10 5/10 7/10 1/10 1/10 2/10** 2/10** 

Frequency of tumorigenesis 0/10 0/10 4/10 10/10 0/10 0/10 3/10 8/10 

Number of tumor per animal 0 0 0.5 (± 0.67) 3.1 (± 1.30) 0 0 0.4 (± 0.66) 1.7 (± 1.42)

w, week; -, negative; ±, trace; +,mild; ++, moderate; +++, marked  

*, significantly higher than the control group (p < 0.05) 
†, significant weaker than the control group (p < 0.05)  
††, average rank in Mann-Whitney U test 

**, significantly weaker expression of COX2/survivin than the control group (p < 0.05)  

‡, case number of strong survivin expression/total case number 
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Fig. 3. In vitro invasion assay in HSC3 cell lines (A-D) and gelatin 

zymography (E). In the celecoxib-treated HSC-3 cell lines (10 µM, 

24 h), COX2 inhibition significantly reduced the invasiveness. In (A, 

B) (control, × 100 and × 200, respectively) and in (C, D) (celecoxib-

treated, × 100 and × 200, respectively), celecoxib-treated HSC-3 

cells demonstrated a significant decrease in the number of cells 

penetrating and migrating through the artificial cell membrane. 

Gelatin zymography reveals the gelatinolytic activities of the acti-

vated (62 kDa) forms of MMP-2 as white banding. A significant 

difference in the gelatinolytic activity is detected between the control 

group and the experimental group in KB, HSC3, SCC4, SCC9 and 

SCC25 cell lines (lane 1, KB; lane 2, HSC3; lane 3, SCC4; lane 4, 

SCC9; lane 5, SCC-15; lane 6, SCC-25).  

of SCC-9) of HNCs increased during the experiment, as shown in 
Fig. 5. For example, on the 30th day after inoculation, the RTV for 
KB cells was 9.2 (± 4.1) in the control group and 7.8 (± 3.2) in the 
celecoxib-treated group. There were no statistically significant 
differences between the RTVs of the celecoxib-treated and con-
trol groups during the course of the experiment, indicating that 
celecoxib treatment had no effect on the growth of xenotrans-
planted HNC tumors in nude mice. Likewise, in SCC-9-bearing 
nude mice, the growth rates of tumor masses were not signifi-
cantly different between the celecoxib-treated and control groups 
at any time during the experiment. 

Meanwhile, an immunohistochemical study showed that 
COX2 inhibition was significant in celecoxib-treated tumors as 
shown in Figs. 6A and 6B. COX2 reactivities in the control 
groups for KB cell tumors and SCC9 cell tumors were 14.0 and 
13.75, respectively. In the treated groups, COX2 reactivity sig-
nificantly decreased to 7.0 (KB cells) and 7.25 (SCC9). COX2 
inhibition affected survivin expression of both cell tumors. On 
the contrary, survivin expression in a xenotransplanted tumor 
was not significantly affected by COX2 inhibition. In the control 
group, nine of 10 KB and eight of 10 SCC9 showed strong 
survivin expression. Likewise, eight of 10 animals in both cell 
tumors of the treated group were categorized as having strong 
survivin expression. A statistically significant lower microvessel 
density was observed in the celecoxib-treated group compared 
to the control group (Figs. 6E and 6F). Microvessel densities of 
the control group were 18.90 (± 5.19) in KB and 18.67 (± 4.89) 
in SCC9, but those of the treated group scored 14.10 (± 4.71) 
in KB and 15.60 (± 5.60) in SCC9. The differences in microves-
sel density between the control and experimental groups were 
significant for both cell type tumors (p < 0.05). 
 
DISCUSSION 
 
Although transcription of COX2 is constitutively up-regulated in 
several types of malignancies, including oral cancer (Jason et 
al., 2005; Tang et al., 2003), one of the major concerns arising 
from the present study is the uncertainty regarding the anti- 
cancer effects of COX2 inhibition on various HNC cell lines, in 
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Fig. 4. Chemopreventive effects in a hamster buccal pouch car-

cinogenesis model. The eight-week 1500 ppm of celecoxib treated 

hamster buccal pouch epithelium (B) had a significantly higher 

apoptotic index than the control (A). COX2 inhibition was significant 

throughout the entire experimental period as shown in (C) (eight-

week control group) and (D) (eight-week experimental group). Sur-

vivin expression in the eight-week drug-treated group (E) was also 

lower than that in the eight-week control group (F) (original magnifi-

cation of all figures, × 100).  

 
 
which the expression level of COX2 is still unknown. Im-
munoblot analysis showed that all of the HNC cell lines had 
strong COX2 expression, although the amount of expression 
varied between cell lines. In addition, each HNC cell line 
showed a different sensitivity to celecoxib treatment. In particu-
lar, KB and SCC4 cell lines showed an 87.6% and 99.9% de-
crease in survivin expression after celecoxib treatment, while 
the amount of COX2 downregulation did not reach 50% of the 
original expression in other cell lines as shown Fig. 1. The in-
ducibility of COX2 can be explained, at least in part, by the 
presence of numerous cis-acting elements in the 5’-flanking 
region of the COX gene, such as NF-kB, NF-IL6 and CRE sites 
(Inoue et al., 1995; Lerebours et al., 2008) and by the increased 
stability of COX2 mRNA (Sheng et al., 2000). In addition, nu-
merous studies have reported that the anti-cancer effect of 
celecoxib is mediated by both COX2-dependent and COX2-
independent mechanisms (Haupt et al., 2006; Lai et al., 2003; 
Maier et al., 2004). Thus, the present in vitro data from this 
study highlight the variable inducibility of COX2 in HNCs and 
the unpredictability of COX2 inhibition by celecoxib. 

Survivin is a member of the inhibitor of apoptosis (IAP) family, 
whose members have been shown to inhibit activated cas-
pases (Shin et al., 2001). Recently, the focus of survivin re-
search has shifted towards survivin as a target of cancer ther-
apy, especially since studies have revealed that the role of 
survivin in cancer cells is not limited to apoptosis inhibition, but 
may also be associated with aggressive characteristics of can- 
cer such as angiogenesis and closely associated with invasive 

A 
 
 
 
 
 
 
 
 
 

B 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 5. Anti-tumorigenic effects of COX2 inhibition. As shown in (A, 

B) (KB and SCC-9 cell line tumorigenesis, respectively), the relative 

tumor volume (RTV) increased throughout the experimental period 

in both groups. Note that the RTV in the 1,500 ppm of celecoxib-

treated group is lower than that of the control group, but the differ-

ence is not statistically significant (p > 0.05). 

 
 
potential (Duffy et al., 2007; Ouhit et al., 2007). Numerous stud-
ies have demonstrated the close relationships between survivin 
and COX2 and reported its clinical implications in colon, endo-
metrial and breast carcinoma (Barnes et al., 2006; Erkanli et al., 
2007; Mori et al., 2007; Pyrko et al., 2006). Survivin is reported 
to be a significant tumor marker in oral carcinogenesis (Hsue et 
al., 2008). In addition, survivin is a death encounter as well as a 
survival protein for invading tumor cells (Ouhit et al., 2007). 
Thus, we also focused on the change of survivin expression 
with COX2 inhibition in the present study. In western blot analy-
ses, most HNC cell lines, except for the KB cell line, strongly 
expressed survivin and celecoxib significantly downregulated 
survivin expression in all studied HNC cell lines in spite of the 
varying levels of COX2 inhibition. In addition, our western blot 
results showed a change in VEGF expression in HNC before 
and after COX2 inhibition. It has been well documented that the 
growth of solid tumors and the formation of metastases are 
dependent on angiogenesis, and in the case of head and neck 
carcinomas, VEGF plays a critical role in carcinogenesis, tu-
morigenesis and progression (Johnstone and Logan, 2006). In 
the stable state, VEGF was expressed in the six types of HNC 
cell lines tested in the present study (Fig. 1). COX2 inhibition 
also gave rise to a significant decrease in VEGF expression 
after administration of celecoxib. Accordingly, numerous previ-
ous reports and the Western blot results of this study imply that 
COX2 inhibition may cause additional anti-cancer effects re-
lated to survivin and VEGF in HNCs. However, it remains ques-
tionable whether COX2 inhibition is a practical treatment mo-
dality for HNC considering the subsequent in vitro and in vivo 
results of this study. In a proliferation assay, celecoxib showed 
a dose-dependent, anti-proliferation effect in only two HNC cell 
lines, KB and SCC4 (Fig. 2). COX2 inhibition with celecoxib 
had no effects on proliferation in the other four HNC cell lines. A 
previous study indicated that COX2 inhibition is associated with
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Table 3. Anti-tumorigenesis effect of COX2 inhibition in nude mice model 

KB SCC9 

 
Control group 

Celecoxib treated 

group 
Control group 

Celecoxib treated 

group 

COX2 immunoreactivity 

(average rank in Mann-Whitney U test) 
14.0 7.0* 13.75 7.25* 

Survivin immunoreactivity 

(case number of strong survivin expression/ 

total case number) 

9/10 8/10 8/10 8/10 

Microvessel density average (± SD) 18.90 (± 2.19)  14.10 (± 2.71) * 18.67 (± 2.89) 15.60 (± 2.60) * 

*, p < 0.05 

 
 
only a minor effect on cell growth at low concentrations (2-5  
μM, Dvory-Sobol et al., 2006). The present study also showed 
that the concentration required to induce > 50% growth inhibi-
tion (30 μM) was more than two-fold higher than that required 
to inhibit COX2 activity (10-15 μM) even in the two cell lines 
with decreased proliferating activity. The significant gap be-
tween the physiologically achievable concentration and the 
concentration required for the anti-cancer effect may be a seri-
ous barrier to the clinical application of this drug. Meanwhile, an 
interesting observation of this study is that two sensitive cell 
lines both showed remarkable downregulation of COX2 com-
pared to other cell lines (Fig. 1). In particular, these two cell 
lines also had decreased in vitro invasion and gelatinolytic 
activity with COX2 inhibition, in contrast to other cell lines, 
which showed variable results (Fig. 3, Table 1). In addition, 
both celecoxib-sensitive cell lines expressed COX2 as strongly 
as other resistant HNC cell lines. Thus, the expression level of 
COX2 in the stable stage does not seem to be a predictive 
factor of celecoxib sensitivity in HNC. These results might imply 
anticancer effect of COX2 inhibition depends on the level of 
COX2 inhibition with a certain COX2 inhibitor in a certain HNC 
rather than its original expression level of COX2. 

In addition to direct cytotoxicity, another main interest was the 
anti-invasive activity of celecoxib in this study because tumor 
invasion and subsequent metastasis is a major problem in the 
clinical management of malignancies. In a previous report ex-
amining the effects of COX2 inhibition on the invasiveness of 
two HNC cell lines (NA and HSC-4), NS-398, a highly selective 
inhibitor of COX2, inhibited invasiveness as determined by the 
same Matrigel invasion assay used in this study (Kinugasa et 
al., 2004). Likewise, there are several reports that COX2 inhibi-
tors suppress the invasiveness of various cancer cells (Tang et 
al., 2003; Yamazaki et al., 2002; Yang et al., 2003), although 
the mechanism for this is not clear. Accordingly, we presumed 
that COX2 inhibition would decrease the ability of cells to pene-
trate through an artificial cell membrane in our experimental 
setting and that this decreased invasiveness was the result of 
inhibition of a major proteinase, MMP-2. We focused on MMP-2 
because several reports have indicated a correlation between 
MMP-2 activity and metastatic potential in various cancer cells 
(Bernardo et al., 2003; Yang et al., 2003). Figure 3 shows that 
celecoxib treatment affects the in vitro invasive properties of 
three cell lines (KB, HSC3, and SCC4) and gelatinolytic activi-
ties of four cell lines (KB, HSC3, SCC4 and SCC9). These data 
suggest that inhibition of COX2 may affect the invasive charac-
teristics of HNC cells by decreasing gelatinolytic activity, without 
cellular cytotoxicity. However, there was no decrease in in vitro 
invasion and gelatinolytic activity in two HNC cell lines (SCC15 
and SCC25). In addition, in the case of SCC9 cells, direct inva- 
sion was not inhibited, although gelatinolytic activity was signify- 
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Fig. 6. Anti-tumorigenic effects in COX2 inhibition (nude mouse tu-

morigenesis model). Celecoxib treatment (1,500 ppm a day) caused 

a significant reduction in COX2 expression in an oral squamous cell 

carcinoma cell xenografted model [(A, B), original magnification × 

100]. However, survivin expression was not significantly reduced, 

even with the COX2 inhibition [(C, D), original magnification × 200]. 

Meanwhile, microvessel density decreased significantly in the drug-

treated group [(E) and (F), original magnification × 100] [(A) COX2 

expression in control group of KB cell tumor, (B) COX2 expression in 

drug treated group of KB cell tumor, (C) survivin expression in control 

group of SCC9 cell tumor, (D) survivin expression in drug treated 

group of SCC9 cell tumor, (E) CD31 in control group of SCC9 cell 

tumor, (F) CD31 in drug treated group of SCC9 cell tumor]. 

 
 
cantly reduced by celecoxib (Fig. 3, Table1). Given that the 
invasive property of a certain HNC is not always dependent on 
MMP-2 activation and that the mechanism underlying the anti-
invasive effect of NSAIDs is variable (Attiga et al., 2000), our 
data demonstrate that direct inhibition of invasiveness by cele-
coxib is limited and varies depending on HNC cell type. 

Chemoprevention involves blocking the DNA damage that 
initiates carcinogenesis, or arresting or reversing the progres-
sion of premalignant cells in which such damage has already 
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occurred. Recent advances in our understanding of what 
causes cancer and the consequent ability to provide genetic 
assessment of susceptibility have led to the need to find agents 
that can effectively reverse, stop, or at least delay the carcino-
genic process. Chronic inflammation plays an important role in 
carcinogenesis and tumorigenesis of solid tumors, including HNC 
(Le Bitoux et al., 2008; Maeda and Omata, 2008). Inflammatory 
mediators such as cytokines, eicosanoids and growth factors are 
thought to play a critical role in the initiation and maintenance of 
cancer cell survival and growth. Over-expression of COX2 in pre-
cancerous lesions leads to increased levels of etheno-adducts, 
possibly as a result of increased oxidative stress (Bartsch, 2000; 
Bartsch and Nair, 2000). In humans, treatment with 400 mg cele-
coxib twice daily for six months was found to significantly reduce 
the number of polyps in familial adenomatous polyposis (FAP) 
patients (Steinbach et al., 2000). The hamster carcinogenesis 
model used in this study shows that COX2 inhibition definitely 
exerts a chemopreventive effect from an early carcinogenesis 
stage (Table 2). Although there was no statistical significance in 
the frequency of tumor and the number of tumorigenesis, as 
carcinogenesis proceeds, celecoxib effectively delays the onset 
and slows the growth of a DMBA-induced oral tumor in hamster 
cheek pouches, with increased apoptosis (Figs. 4A and 4B). 
Our immunohistochemical analysis revealed that COX2 inhibi-
tion was significant throughout the experimental period (Figs. 
4C and 4D, Table 2). In addition, there was a significant differ-
ence between control animals and experimental animals in 
survivin expression as shown in Figs. 4E and 4F. At 12 and 16 
weeks, the treated animals showed weaker expression of sur-
vivin than control animals. These results imply that a clone of 
premalignant cells switches on re-expression of survivin when it 
acquires the cancer phenotype and changes into a malignant 
cell by genetic alteration during oral carcinogenesis, and that 
COX2 inhibition downregulates survivin expression and subse-
quently delays oral carcinogenesis. Although the exact mecha-
nism of cellular signaling between two proteins is still unclear, 
we conclude that COX2 inhibition has a definite effect on oral 
carcinogenesis and this activity is mediated by the increased 
apoptosis caused by downregulation of survivin. 

Based on our in vitro and hamster model studies, we postu-
late that COX2 inhibition by celecoxib exhibits effective anti-
cancer activity via a direct cellular effect as well as a chemo-
preventive effect. Nonetheless, it is still questionable in the 
effective value of COX2 inhibition as a major anti-cancer agent 
for HNC because it failed to inhibit tumor growth in this study. 
As shown in Fig. 5, COX2 inhibition showed no effect on tu-
morigenesis in two types of xenotransplanted nude mouse 
models; the tumor mass generated by inoculation with KB or 
SCC-9 cells grew without any reduction in mass size through-
out the experimental period despite COX2 inhibition (Fig. 6B). 
We originally hypothesized that, at the very least, tumor mass 
growth of the KB tumor would be reduced because growth of 
KB cells is inhibited by COX2 inhibition in vitro. However, there 
was no evidence of growth inhibition in either tumor mass fol-
lowing COX2 inhibition. There is a report that cell lines that do 
not overexpress functional cyclooxygenase-2 are resistant to 
the normally achievable plasma levels of celecoxib (Haupt et al., 
2006). However, both cell tumor types observed in this study 
showed strong expression of COX2 in vitro and in vivo (Figs. 1 
and 6A) and immunohistochemical observation revealed sig-
nificant downregulation of COX2 in a xenotransplanted tumor of 
both cell types (Fig. 6B). Moreover, another report using the 
same KB cell line and the same dose of celecoxib as this study 
demonstrated a significant delay in tumor growth. The only 
difference between the previous report and ours was in the 

initiation of drug administration; the administration started on 
the same day as cell inoculation in the previous study while 
administration started after observation of tumorigenesis in this 
study (Yang et al., 2010). In addition, survivin expression in the 
drug-treated tumor group was not significantly affected in spite 
of significant inhibition of COX2 (Fig. 6B, Table 3), while sur-
vivin expression was remarkably diminished in the hamster 
carcinogenesis model of this study. These results demonstrate 
that COX2 inhibition is not effective against tumor progression 
once tumorigenesis is initiated and an observable tumor mass 
is formed as Mohan et al. also reported that COX 2 over-
expression is primarily related to an early stage of carcinogene-
sis (Mohan and Epsteina, 2003). All of the above results sug-
gest that COX2 inhibition has a differential anti-cancer effect on 
carcinogenesis and tumorigenesis in HNC and that effective 
anticancer action can be achieved at an early stage of oral 
carcinogenesis and tumorigenesis, although the exact mecha-
nism needs further investigation. 

Angiogenesis is essential for cancerous tissues to receive 
adequate nutrition for their continuous growth, and tumors ex-
hibiting high numbers of microvessels have been shown to 
possess high metastatic potential (Folkman, 1990; Folkman 
and Shing, 1992). Previous studies have shown that celecoxib-
induced COX2 inhibition has an anti-angiogenic effect on oral 
carcinogenesis and cancer progression (Mohan and Epsteina, 
2003; Wang et al., 2002). Likewise, COX2 inhibition also 
causes downregulation of VEGF in vitro (Fig. 1) and a signifi-
cant decrease in microvessel density in the nude mouse tu-
morigenesis model (Figs. 6E and 6F) in the present study. 
However, as presented earlier, tumor growth of both cell types 
was not inhibited throughout the experimental period. Given 
that the mechanism of angiogenesis is multifaceted and de-
pends on the cancer type, these results definitely imply that 
anti-neovascularization involving PGE2 and VEGF is not suffi-
cient to inhibit tumor cell growth in HNC. These results might 
reflect high biological redundancy and low dependence on 
angiogenesis, which is due to the genetic specificity arising 
from high vascularity of the head and neck areas (Gleich et al., 
1998). 

We conclude that the inducibility of COX2 and the direct cyto-
toxic mechanism using celecoxib is not predictable and may 
vary according to type of cancer. Accordingly, the anticancer 
strategy using COX2 inhibition may also be variable in a clinical 
setting. Nonetheless, COX2 inhibition in HNC warrants further 
research because of its stable anti-carcinogenic activity and its 
safety as a combined drug. In addition, further studies will pro-
vide valuable information on the role of COX2 in HNC in terms 
of its multifaceted mechanisms involving both enzyme depend-
ent and independent pathways. 
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