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Abstract
Aim: Prostaglandin E2 (PGE2) is considered to be an important mediator of tissue
destruction in periodontitis. The cyclooxygenase (COX) catalyses the production of
PGs. COX-2, which is induced in an inflammatory response, is responsible for PGs
synthesis at sites of inflammation. A single nucleotide polymorphism of COX-2� 765

has been shown to alter the expression of the COX-2 gene. The purpose of the present
study was to evaluate the association of the COX-2� 765 polymorphism and
susceptibility to periodontitis in Taiwanese.

Material and Methods: Eighty-five cases of aggressive periodontitis (AgP), 343
cases of chronic periodontitis (CP) and 153 cases of healthy controls (HC) were
recruited for the study. Genotypes of COX-2� 765 were determined by polymerase
chain reaction-restriction fragment length polymorphism (PCR-RFLP). The
distribution of genotypes among groups was compared by logistic regression analyses.
The risk for periodontitis associated with genotypes was calculated as the odds
ratio (OR).

Results: The prevalence of the GC and CC genotypes was significantly lower in AgP
(5%) and in CP (29%) compared with the HC (42%). The ORs for carriage of the
� 765C allele (GC1CC versus GG) in AgP and CP were 0.068 (95% CI 5 0.020–
0.173, po0.0001) and 0.571 (95% CI 5 0.385–0.849, p 5 0.006), respectively. After
adjustment for age, gender and smoking status, the OR was 0.071 (95% CI 5 0.017–
0.219) and 0.552 (95% CI 5 0.367–0.829) for AgP and CP, respectively.

Conclusions: The results of the study suggest that the � 765G to C polymorphism of
the COX-2 gene is associated with a decreased risk for periodontitis in Taiwanese,
especially in AgP. However, the biological meaning needs further investigation.
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Periodontitis, one of the most common
infectious disorders in human beings, is

an inflammatory disease of the support-
ing tissue of teeth. Prostaglandins (PGs)
are potent biochemical mediators of
inflammatory response in periodontitis
(Offenbacher et al. 1993). A large body
of evidence supports the concept that
prostaglandin E2 (PGE2) mediates
much of the tissue destruction occurring
in periodontitis. The levels of PGE2 in
gingival crevicular fluid (GCF) have
been shown to be elevated in patients
with periodontal disease compared with

periodontally healthy patients (Tsai et al.
1998, Biyikoğlu et al. 2006). In addition,
the concentration of PGE2 in GCF is
increased in periodontitis sites demon-
strating attachment loss. Hence, PGE2 is
considered to be a diagnostic marker for
future attachment loss (Offenbacher et
al. 1986). It was reported that the total
amount of PGE2 was significantly higher
in sites of periodontitis when specific
periodontal pathogens presented and was
also positively associated with clinical
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parameters of inflammation and disease
severity (Airila-Månsson et al. 2006).

PGE2 is also a well-known mediator
involved in the regulation of osteoclast
differentiation (Fujita et al. 2003).
Cyclooxygenase-2 (COX-2)-dependent
PGE2 synthesis by osteoblasts is con-
sidered to play an important role in bone
resorption associated with inflammatory
disease (Dubois et al. 1998). In the
process of osteoclast differentiation
from haematopoietic stem cells, the
receptor activator of NF-kB ligand
(RANKL) is essential and crucial
(Hofbauer et al. 2000). PGE2 acts on
osteoblasts to increase the expression of
RANKL on their surfaces. Therefore,
PGE2 enhances the osteoclastogenesis.

PG synthesis is regulated by two
successive metabolic processes (Marnett
et al. 1999): the release of arachidonic
acid from phospholipids that are found
in the plasma membrane of most cells
by the action of phospholipase A2, and
then the conversion of arachidonic acid
to prostanoids by the effect of the COX.
COX is also called PG-endoperoxide
synthase (PTGS). There are two iso-
forms of COX, designated as COX-1
and COX-2 (Smith et al. 1996). These
isoforms are encoded on distinct genes
but catalyse essentially the same reac-
tion. COX-1 is a housekeeping enzyme
that is constitutively expressed in many
tissues. On the other hand, COX-2 is
generally undetectable under physiolo-
gic conditions, but it is inducible by
inflammation (Dubois et al. 1998). It is
believed that COX-2 is responsible for
PGs synthesis at sites of inflammation.
Elevated levels of COX-2 are detected
in a variety of inflammatory conditions,
including periodontitis (Morton &
Dongari-Bagtzoglou 2001, Zhang et al.
2003). Besides this, the COX-2 gene
is an immediate-early gene: COX-2
can be induced rapidly. A variety of
cells in periodontal tissue, such as fibro-
blasts, cementoblasts and osteoblasts
in periodontal ligament, epithelial cells,
gingival fibroblasts, endothelial cells,
macrophages, monocytes and neutrophils,
produce PGE2 regulated by COX-2 after
activation with pro-inflammatory cyto-
kines, including interleukin-1 (IL-1),
IL-6, tumour necrosis factor-a (TNF-a)
and growth factors, lipopolysaccharide
(LPS), tumour promoters or PGE2 itself
(Tai et al. 1997, Offenbacher & Salvi
1999, Yucel-Lindberg et al. 1999, Xu
et al. 2000, Miyauchi et al. 2004). As
mentioned above, COX-2-dependent-
PGE2 synthesis is considered to be an

important mediator of tissue destruction
in periodontitis.

The aetiology of periodontal disease
is bacterial plaque. However, the bacter-
ial factor cannot fully explain the extent
of periodontal destruction. A genetic
contribution to periodontitis has been
suggested in previous studies (Kornman
et al. 1997, Soga et al. 2003, Trevilatto
et al. 2003, Loos et al. 2005). It is
reasonable to hypothesize that a genetic
polymorphism in the COX-2 gene that
results in alteration of the function,
activity and/or expression of this
enzyme consequently has an impact on
PGs synthesis and may modulate the
inflammatory response, thus modifying
the risk of periodontal diseases. In this
study, we evaluated the impact of the
COX-2� 765 genetic polymorphism on
the risk of aggressive periodontitis
(AgP) and CP.

Material and Methods

Study population

A case–control study was designed. The
recruitment of study subjects took place
at the Department of Periodontology of
the Kaohsiung Medical University Hos-
pital between January 2004 and May
2006. All subjects who participated in
this study were of Han ethnicity and
were free from systemic diseases that
correlate with the destructive perio-
dontal disease, such as diabetes mellitus,
immunosuppression, HIV infection or
polymorphonuclear and/or monocyte
defects. Subjects who had taken anti-
biotics in the previous 3 months, who
were pregnant, having current lacta-
tion or needed antibiotic prophylaxis
before periodontal treatment were also
excluded from this study.

The study subjects were diagnosed as
AgP, CP and periodontally healthy con-
trols (HC) on the basis of clinical exam-
inations (probing depth and attachment
loss) and radiographic patterns of alveo-
lar bone destruction. The diagnostic
criteria for AgP and CP were defined
in accordance with the classification
agreed at the World Workshop for
Periodontics and The American Acad-
emy of Periodontology (1999). Briefly,
subjects more than 35 years of age, with
attachment loss equal to or >5 mm at
more than one tooth, with more than
three sites of probing depth >6 mm and
lesions distributed at more than two
teeth in each quadrant were diagnosed
with CP. Subjects who had more than

eight teeth with attachment loss >5 mm
and probing depth >6 mm, and at least
three affected teeth that were not first
molars or incisors were diagnosed with
AgP. The age at diagnosis was below 35
years in most AgP patients. Subjects
with no evidence of attachment loss at
more than one site or pocket depth
>3 mm were diagnosed as periodontally
HC. The HC recruited were older than
35 years, which may have helped to
avoid misclassification. We also recorded
the smoking status as non-smoker, cur-
rent smoker or former smoker. Subjects
who still had the smoking habit or had
quit smoking within the last 6 months
before enrolling in this study were
designated as current smokers. Former
smokers were subjects who had quit
smoking for at least 6 months.

The study protocol was approved by
the Institutional Review Board of Kaoh-
siung Medical University, and a written
informed consent was obtained from
each subject.

Sample collection and DNA extraction

Twenty millilitres of heparin anti-coa-
gulated peripheral blood was collected
from each study subject. DNA was
extracted from the peripheral blood leu-
cocytes by standard phenol/chloroform
extraction techniques and precipitation
with ethanol (Blin & Stafford 1976).
The DNA concentration was determined
by ultraviolet (UV) spectrophotometry.

Analysis of the COX-2 genotype

The genotype for the COX-2 at position
� 765 from the transcription start site
was determined by the polymerase
chain reaction-restriction fragment length
polymorphism (PCR-RFLP) method
(Papafili et al. 2002). A 306 bp fragment
of the COX-2 gene was generated using
a forward primer (50-CCGCTTCCTTT
GTCCATCAG-30) and a reverse primer
(50-GGCTGTATATCTGCTCTATATGC-
3
0
) in a thermocycler (Applied Bio-

systems, Foster city, CA, USA). The
reaction conditions and cycling para-
meters were as follows: 100 ng genomic
DNA was used for PCR amplifica-
tion in a reaction mixture containing
1 � reaction buffer, 1.5 mM MgCl2,
0.2 mM dNTP, 1.25 U Taq polymerase
(JMR Holdings, London, UK) and
1.0 mM of each primer. The PCR cycle
conditions were 941C for 5 min., 35
cycles of 941C for 30 s, 621C for 20 s
and 721C for 50 s, followed by a final
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extension at 721C for 5 min. After cool-
ing the samples, 10 ml of the PCR pro-
duct was digested with AciI (New
England Biolabs, Ipswich, MA, USA;
5 U/sample, 371C, 3 h). The digested
fragments were electrophoretically
separated on 3% agarose gel (Cambrex,
Rockland, ME, USA) containing
ethidium bromide and visualized under
UV light to determine the genotypes.
When the nucleotide at position � 765
of the COX-2 gene was G, the PCR
product could be digested by AciI into
two fragments of 188 and 118 bp,
whereas a 306-bp fragment presented
if the nucleotide was C (Fig. 1).

Samples that did not yeild a definitive
result in the first round of genotyping
were re-submitted to up to two addi-
tional rounds of genotyping. If reliable
results were still not obtained after this
procedure, the results were discarded.
For quality control purpose, almost
one-fifth of the samples, which were
randomly selected, were genotyped a
second time. There were no discrepan-
cies between the two results.

Statistical methods

Comparisons of descriptive statistics
among the three groups were expressed
as mean (�SD) and within-group pro-
portions. The w2-test and ANOVA test were
used to evaluate the statistical signifi-
cance of differences among the three
groups. A p-value o0.05 was considered
to indicate a statistically significant dif-
ference. The risk association of geno-
types and periodontal diseases was
computed by the simple logistic regres-
sion and expressed as the odds ratio (OR)
with a 95% confidence interval (CI). To
increase statistical power for the less
frequent variant, the rare homozygotes
were combined with the heterozygotes
assuming a dominant effect. To control
for possible confounding effects, age,
gender and smoking status were used as
independent variables in a multiple logis-
tic regression for adjustment. The statis-
tical analysis was conducted by JMP
software (SAS Institute, Cary, NC, USA).

Results

There were 85 AgP patients (AgP), 343
CP patients and 153 periodontally HC in
this study. The characteristics of the
study subjects and the distribution of
the COX-2 genotype and allelic frequen-
cies are presented in Table 1. The gender

distribution was similar for these three
groups. The mean age of the AgP patients
was significantly lower than that of the
CP patients and the HC. The subjects
with AgP or CP were more likely to be
current or former smokers than the HC.
The Genotype frequency of COX-2 did
not deviate from Hardy–Weinberg equi-
librium (p40.05). The prevalence of the
� 765C allele homozygote was very low
(2.2%) in our study population.

AgP

There was a significant difference in the
distribution of the COX-2 genotypes
and allelic frequencies between AgP
patients and HC (po0.0001). The GC
and CC genotypes were present in 5% of
the AgP patients, which was signifi-
cantly lower (po0.0001) than in HC
(42%). The G allele was overexpressed
in AgP patients. The crude OR for
carriage of the � 765C allele (the GC

and CC genotypes combined compared
with the GG genotype) to be associated
with AgP was 0.068 (95% CI 5 0.020–
0.173, po0.0001) (Table 2). After
adjustment for age, gender and smoking
status, the OR was 0.071 (95%
CI 5 0.017–0.219, po0.0001).

CP

The COX-2 genotype distribution of CP
was significantly different from that of
HC (p 5 0.024). The prevalence of the
GC and CC genotypes was significantly
lower among CP than among HC (29%
versus 42%, Fisher’s exact p-value 5
0.0075). The crude OR for carriage of
the � 765C allele (the GC and CC geno-
types combined compared with the GG
genotype) was 0.571 (95% CI 5 0.385–
0.849, p 5 0.006) for CP (Table 2). After
adjustment for age, gender and smoking
status, the OR was 0.552 (95%
CI 5 0.367–0.829, p 5 0.004)

1 2 3 4 5 6 7 8 9 10 11 12

188 bp 200 bp

500 bp
400 bp
300 bp

100 bp
118 bp 

306 bp 

14 13

Fig. 1. AciI restriction patterns of the various COX-2� 765 genotypes. Three restriction
fragments were present at 306, 188 and 118 bp in lanes 2–6, 10, 13 representing GC
heterozygous subjects. The GG genotype (lanes 7–9, 11 and 12) had the two bands at 188 and
118 bp. The CC genotype (lane 14) had only the 306 bp band.

Table 1. Characteristics of patients and distribution of COX-2 genotype among patients with
aggressive periodontitis, chronic periodontitis and healthy controls

Aggressive periodontitis
(n 5 85)

Chronic periodontitis
(n 5 343)

Healthy control
(n 5 153)

p-valuen

Gender
F 36 (42) 156 (45) 82 (54) 0.1369
M 49 (58) 187 (55) 71 (46)

Age
37.46 (�7.02) 52.73 (�8.08) 51.56 (�10.00) o0.0001

Smoking
None 61 (72) 245 (72) 129 (84) 0.0013
Current 12 (14) 73 (22) 11 (7)
Former 12 (14) 21 (6) 13 (9)

Genotype
CC 1 (1) 8 (2) 4 (3) o0.0001
GC 3 (4) 93 (27) 60 (39)
GG 81 (95) 242 (71) 89 (58)

Allele
C 5 (3) 109 (16) 68 (22) o0.0001
G 165 (97) 577 (84) 238 (78)

nComparisons performed by w2-test or ANOVA.

Values represent numbers (%) of subjects or mean � SD.
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Discussion

COX-2 is a critical enzyme involved in
the production of PGs, which play an
important role in the tissue destruction
of periodontal diseases. We hypothe-
sized that a polymorphism in the
COX-2 gene might influence PGs pro-
duction in inflamed cells, thus affecting
susceptibility to periodontitis. In this
study, subjects with AgP or CP carried
the COX-2 � 765C allele significantly
less frequently than the periodontally
HC. Homozygotes as well as heterozy-
gotes for the � 765C allele were asso-
ciated with a significantly lower risk for
AgP and CP (OR is 0.068 and 0.571,
respectively; po0.01). This indicated
that the carriage of the COX-2 � 765C
allele was protective for the develop-
ment of periodontitis, especially for
AgP, in this study population. After
adjustment for gender, age and smoking
status, the association between this
genetic variant and risk of AgP and CP
was still highly significant (adjusted OR
is 0.071 and 0.552, respectively;
po0.01). These adjustments give further
credibility to the findings that the COX-
2� 765 polymorphism is associated with
the susceptibility to AgP and CP.

Previous studies have evaluated the
association between polymorphisms in
candidate genes and AgP in different
ethnic backgrounds (Table 3). The
results are inconsistent. For instance,
IL-1B13954 was reported to be asso-
ciated with risks of AgP in Caucasians
and Chileans, but was not associated
with AgP in Hispanic, Chinese, Greek
and Japanese individuals. Based on the
literature, AgP was associated with
polymorphisms of IL-1B13954,
TLR4(299), FcgRIIa-H131 and NADPH
genes in Caucasians; IL-6R, FcaRI324,
IL6ST, PTGDS, COL4A1, COL1A1,

KRT23 and IL-1RN(VNTR) genes in
Japanese; and MMP-1� 1607, IL-
1A14845, IL-1B� 511 and ER-a in Chi-
nese. The results of the present study
showed the COX-2� 765 polymorphism
to be associated with AgP in Taiwanese.
There are some major differences
between the present study and those
reviewed in Table 3. The mean ages of
the HC matched those of AgP patients in
most of the reviewed studies. In the
present study, the controls were signifi-
cantly older than the AgP patients.
These controls should be considered
better controls: they were old enough
to show expression of periodontitis if
they would have been susceptible. In
addition, COX-2 gene expression is age
related (Kim et al. 2000), a special and
unique character among the candidate
genes studied.

The human COX-2 gene, mapped to
chromosome 1q25.2-q25.3, is about
8.3 kbp in size and consists of 10 exons
(Kosaka et al. 1994). Many single
nucleotide polymorphisms (SNPs) have
been identified in the COX-2 gene. So
far, few of these have been studied
regarding their effect in altering the
expression or the function of COX-2
(Fritsche et al. 2001). Variation at posi-
tion � 765 upstream of the transcription
start site (� 765G4C; a G residue was
replaced by C) has been shown to alter
the expression of the COX-2 gene. In
other words, the COX-2� 765 poly-
morphism is functional. The � 765C
allele revealed a significantly (30%)
lower promoter activity compared with
the � 765G allele (Papafili et al. 2002).
Cipollone et al. (2004) reported that the
COX-2 expression and activity in per-
ipheral blood monocytes and carotid
plaque macrophages were COX-2 geno-
type dependent. The macrophages from
patients carrying the � 765C allele had

a lower COX-2 expression. After stimu-
lation with LPS, the COX-2, MMP-2,
MMP-9 and PGE2 productions were
significantly enhanced in monocytes
isolated from patients carrying the
� 765GG genotype compared with
monocytes from patients carrying the
� 765GC and CC genotypes. Hill et al.
(2006) examined the effect of the � 765
G4C genotype on PGE2 synthesis in
lung fibroblast cell lines. The PGE2

production by GC cell lines was very
low and it was not enhanced by the
stimulation of transforming growth fac-
tor-b1 (TGF-b1). By comparison, the
PGE2 production by GG cell lines was
much higher and its synthesis was
enhanced up to 14-fold when the culture
media contained TGF-b1. According to
the results of those studies, the � 765C
allele reduces the COX-2 gene expres-
sion and consequently the inflammatory
response. Some possible mechanisms
for this phenomenon are provided. The
sequence of the 1.69-kb region of
nucleotides preceding the transcription-
start site, which is the 50-flanking region
of human COX-2 gene involved in the
regulation of gene transcription, con-
tains several transcription factor-binding
sites. The � 765G4C is located within
a putative Sp1-binding site in the pro-
moter of the COX-2 gene. Sp1 is a
transcription factor binding to the multi-
ple GC-boxes and it serves to activate
gene transcription (Suske 1999). In
addition to the Sp1, other DNA-binding
elements including the Sp3 and the early
growth response (Egr)-1 transcription
factor could also bind to the Sp1-bind-
ing site (Hill et al. 2006). Sp1 and Sp3
recognize the classical Sp1-binding site
with identical affinity and are co-
expressed in the same cells. Sp3 is a
bi-functional regulator shown to act as a
transcriptional activator and as a repres-
sor of Sp1-mediated activation (Suske
1999). In vivo studies using various cell
types reported that the expression of
Egr-1 regulated the expression of cyto-
kine-induced PGE synthase, hence reg-
ulating the PGE2 production (Arikawa
et al. 2004, Moon et al. 2005). The
� 765G4C polymorphism could
change the transcription factors binding
to this region. This postulation was
proven by Hill et al. (2006) by electro-
phoretic mobility shift assays (EMSA).
Sp1 and Sp3 could bind to the region
containing � 765G. However, Sp1 and
Sp3 binding was disrupted and the Egr-1
binding was increased in the � 765C
allele. It seems that Egr-1 could displace

Table 2. COX-2 genotype frequencies and odds ratio (OR) for periodontitis patients

Genotype GG GC/CC 95% CI p-value

Healthy control
n (%) 89 (58) 64 (42)

Aggressive periodontitis
n (%) 81 (95) 4 (5)
Crude OR 1 0.068 (0.020, 0.173) o0.0001
Adjusted ORn 1 0.071 (0.017, 0.219) o0.0001

Chronic periodontitis
n (%) 242 (71) 101 (29)
Crude OR 1 0.571 (0.385, 0.849) 0.006
Adjusted ORn 1 0.552 (0.367, 0.829) 0.004

nAdjusted for gender, age, and smoking status for logistic regression analysis.

CI, confidence interval.
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Table 3. Studies for association of aggressive periodontitis and single nucleotide polymorphisms (SNP) in different ethnic groups

Authors Ethnic group Subjects SNP p-value OR 95% CI

Atilla et al. (2006) Turkey 43 GAgP, 40 H TGF-b1(1915) NS
Berdeli et al. (2006) Turkey 48 GAgP, 173 H eNOS Glu298Asp NS
Brett et al. (2005) Caucasian 51 AgP, 100 H IL-1A(� 889) NS

IL-1B(� 511) NS 3.6 1.4–9.7
IL-1B(13954) 0.012
IL-6(� 174) NS
IL-10(� 627) NS
IL-10(� 1082) NS
VDR(1056) NS
TLR-4(� 299) NS
TLR-4(� 399) NS
TNF-a(� 308) NS

Cao et al. (2005) Chinese 40 GAgP, 52 MMP-1(� 1607)
H Allele 2 0.007 2.286 1.243–4.205

Genotype 0.004 3.684 1.505–9.018
Galicia et al. (2006) Japanese 43 AgP, 140H IL-6R(148892) 0.04 Not available

IL-6R(� 183) NS
Gonzales et al. (2002) German 18 AgP, 21 H IL-10(� 597) NS

IL-10(� 824) NS
Gonzales et al. (2003) Caucasian 28 AgP, 33 H IL-1a (14845) NS

Central American
Hispanics

16 AgP, 14 H IL-1b (13954) NS

Gonzales et al. (2004) Japanese 31 AgP, 30 H IL-4 NS
Caucasian 30 AgP, 33 H NS

Itagaki et al. (2004) Japanese 37 GAgP, 142 MMP-1(� 1607) NS
H MMP-3(� 1171) NS

James et al. (2007) Caucasian (UK) 73 AgP, 123 H TLR4(299) 0.30 0.10–0.91
CD14(� 159) NS
CD14(� 1359) NS

Jordan et al. (2005) African-American 46 AgP, 78H Lactoferrin T11A 0.0007 2.564 1.475–4.459
Caucasian 77 AgP, 131 H NS

Kaneko et al. (2004) Japanese 46 AgP, 80 H FcaRI 324 0.014 2.54 1.20–5.38
Li et al. (2004) Chinese 122 GAgP, 95 H IL-1A(14845) 0.039 5.58 1.09–28.68

IL-1B(� 511) 0.048 3.16 1.01–9.89
IL-1B(13954) NS

Loos et al. (2003) Caucasian
(Northern European)

12 AgP, 61 H FcgRIIIa-V158 NS

FcgRIIa-H131 allele 0.013 3.68 1.29–10.5
Genotype 0.026 9.07 1.29–63.56
FcgRIIIb NS

Nibali et al. (2006) Caucasian (UK) 224 AgP, 231 H FcgRIIIa, FcgRIIb NS
FcgRIIIb NS
FPR 301,546,568 NS
FcgRIIa NS
FcaR NS
NADPH 0.003 1.87 1.27–2.83

Quappe et al. (2004) Chilean 36 AgP, 75 H IL-1A(� 889) NS
IL-1B(13954) 0.03 2.86 1.06–7.71

Sakellari et al. (2006) Greek 46 AgP, 90 H IL-1A (14845), IL- NS
1B (13954), IL- NS
1RN (VNTRs), NS
TNFA (� 308), NS
COL1A1, SP1 NS

Soedarsono et al. (2006) Japanese 99 AgP, 89 H RNAK, RANKL, NS
OPG NS

Suzuki et al. (2004) Japanese 134 AgP, 125 H 310 SNPs in 125 genes AgP associated with
IL6ST, PTGDS, COL4A1,
COL1A1, KRT23

Tai et al. (2002) Japanese 47 AgP, 97 H IL-1a(14845) NS
IL-1b(� 511) NS
IL-1b(13954) NS
IL-1 RN(VNTR) 0.007 3.40 1.24–9.52

Zhang et al. (2004) Han Chinese 90 AgP, 91 H ER-a NS

OR, odds ratio; 95% CI, 95% confidence interval; GAgP, generalized aggressive periodontitis; H, healthy controls; NS, not significant; TGF-b1, transforming

growth factor-beta 1; eNOS, endothelial nitric oxide synthase; IL, interleukin; VDR, vitamin D receptor; TLR4, toll-like receptor 4; TNF, tumor necrosis factor;

MMP, matrix metalloproteinase; IL-6R, interleukin-6 receptor; CD14, cluster differentiation 14; FcaR, immunoglobulin A Fc receptor; FcgR, Fc-gamma

receptor; FPR, formyl peptide receptor; NADPH, NADPH oxidase P22phox (CYBA gene); IL-1RN(VNTRs), interleukin-1 receptor antagonist, a variable

number of tandem repeats; COL1A1, collagen type I, a1; RANK, receptor activator of nuclear factor-kB; RANKL, RANK ligand; OPG, osteoprotegrin; IL6ST,

interleukin 6 signal transducer; PTGDS, prostaglandin D2 synthase; COL4A1, collagen type IV, a1; KRT 23, keratin 23; ER-a, estrogen receptor-a.
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Sp1, resulting in transcription repres-
sion. In sum, it is postulated that the
� 765C allele disrupts the Sp1 binding
to the promoter of the COX-2 gene,
resulting in transcription repression sub-
sequently. COX-2 gene expression is
lower and consequently the COX-2-
dependent PGE2 production is reduced.
The GC and CC genotypes were less
responsive upon stimulation of LPS,
resulting in less PGE2 production com-
pared with the GG genotype. This might
relate to the protective effect of the
� 765C allele for periodontitis.

The results of Szczeklik et al. (2004)
study were in contrast to those
mentioned above. The PGE2 and PGD2

productions by peripheral monocytes
were significantly higher in the CC
homozygotes compared with the GG
homozygotes. They implicated that the
C allele had a functional consequence,
resulting in increased biosynthesis of
PGs by monocytes. Egr-1 regulates
gene transcription either positively or
negatively, because there are both trans-
activation and repression domains in the
Egr-1 gene (Gashler et al. 1993, Tan et al.
2003). This might help explain why the
results of these studies for the function of
this genetic variant were conflicting.

The precise mechanism by which the
� 765G4C polymorphism of COX-2
gene may affect the susceptibility of
periodontitis is unclear. COX-2 is clas-
sically categorized as a pro-inflamma-
tory enzyme. Nevertheless, COX-2 may
have anti-inflammatory properties
revealed from the carrageenin-induced
pleurisy model (Gilroy et al. 1999).
Prostanoids can act both to promote
and inhibit inflammation (Tilley et al.
2001). The inflammatory response is
associated with the level and the profile
of prostanoids produced during inflam-
mation and is determined by the nature
and the activation state of the cells
present in the inflammatory lesion. It is
unclear whether the expressions of Sp1,
Sp3 and Egr-1 depend on the cell/tissue
type or not. Further investigations are
needed to understand the interaction
between this genetic variant and the
related regulatory factors and to clarify
the role of this genetic variant in the
pathogenesis of periodontitis.

The association of functional out-
come in the � 765G4C polymorphism
and a variety of diseases has been
evaluated. The results are disparate.
Some studies reported that the � 765C
allele may be protective in cardiovascu-
lar diseases (myocardial infarction,

stroke and outcome of coronary artery
bypass surgery), accompanied by
decreased plasma C-reactive protein
levels (Papafili et al. 2002, Cipollone
et al. 2004). Other studies, however,
revealed that the � 765C allele led to
susceptibility in type 2 diabetes (Kon-
heim & Wolford 2003), bronchial asth-
ma of females (Szczeklik et al. 2004)
and sarcoidosis (Hill et al. 2006). The
fact that the COX-2� 765 genetic poly-
morphism seems to be protective or is
associated with susceptibility in some
diseases is consistent with COX-2
having pro-, anti-inflammatory and
anti-fibrotic functions. Genetic linkage
analysis performed at localized AgP
(LAP) families showed that LAP was
linked to chromosome 1q25, covering
the COX-2 gene, but no nucleotide
variation in the COX-2 gene was identi-
fied in these LAP patients (Li et al.
2004). According to the results of our
study, it is likely that the � 765C allele
is protective for periodontitis. As far as
we know, the result of this study is the
first to link COX-2 genetic polymorph-
ism strongly to periodontitis.

As in any case–control study, there
are limitations, such as the periodontal
diagnostic categories. Further, only one
polymorphism of the COX-2 gene was
evaluated by the present study. In the
promoter region of the COX-2 gene,
there are several putative transcription-
factor-binding sites, including nuclear
factor-IL-6 (NF-IL-6) and NF-kB. We
did not evaluate the other variants of this
gene and the effect of the haplotype
combinations. In addition, the effects
of � 765G4C on the in vitro and in
vivo expression of COX-2 and the pros-
tanoids are conflicting and unknown,
respectively. We did not carry out bio-
logical studies on the effects of the
COX-2 polymorphism on the produc-
tion, activity and/or function of PGE2

upon stimulation in periodontal tissues.
Therefore, the interpretation of the
results of the present study in relation
to the COX-2 genotype and susceptibil-
ity to periodontitis should be cautious.
To establish the overall association
between this genetic variant and perio-
dontitis, further studies among larger
populations and populations of other
ethnicities are needed because of the
relatively low frequency of the CC
genotype. Further studies are also neces-
sary to investigate the extent to which
COX-2 genetic polymorphism alters or
modifies the expression or function of
this enzyme induced in resident cells of

periodontal tissue, such as macrophages
and fibroblasts. Then, the importance of
the COX-2� 765 polymorphism can be
confirmed and the definite link between
the COX-2 genotype and the phenotypes
of periodontitis can be made.

Periodontitis is multifactorial in nat-
ure, involving interactions between the
gene, environment and lifestyle. New
insights into the PGs production affected
by the COX-2 genetic polymorphism
provide an altered paradigm of perio-
dontal disease that emphasizes the varia-
tion of host response, rather than the
bacterial aetiology. In addition, it also
provides a possible explanation for host
susceptibility to periodontal disease.

In summary, we have identified a
common promoter variant in the COX-
2 gene, � 765G4C, which is signifi-
cantly inversely associated with the
risks of both AgP and CP. The presence
of the GC or the CC genotype in
COX-2� 765 may have implications for
a decreased risk of periodontitis in Tai-
wanese, especially for AgP. Studies in
periodontitis patients in other ethnic
populations are needed to confirm the
significance of the findings of this study.
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Clinical Relevance

Scientific rationale for the study:
Periodontitis is multifactorial in nat-
ure, involving bacterial, genetic and
environmental factors. COX-2 cata-
lyses the synthesis of PGE2, a potent
biomediator in periodontal tissue

destruction, at sites of inflammation.
COX-2 genetic polymorphism might
modulate the inflammatory response.
To identify the genetic contribution
of COX-2 in periodontitis, we ana-
lysed the association of COX-2� 765

SNP and the risk for periodontitis.

Principal findings: The rare � 765C
allele of the COX-2 gene was asso-
ciated with decreased susceptibility
to AgP and CP.
Practical implications: COX-2 �765C
allele might be a protective factor
against periodontitis in Taiwanese.
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