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Abstract

Aim: The allelic polymorphism of FcyRIIIb, the neutrophil-specific receptor involved
in the phagocytosis of immunoglobulin G-opsonized bacteria, has functionally distinct
capacities that are important in host defence mediated by neutrophils. The aim of this
study was to identify whether the polymorphism of FcyRIIIb is associated with
periodontitis in Taiwanese individuals.

Materials and methods: This case—control study included of 93 aggressive
periodontitis (AgP) patients, 372 chronic periodontitis (CP) patients and 158 healthy
controls (HC). The FcyRIIIb genotypes were determined by PCR using allele-specific
primers. The risk for periodontitis associated with genotypes was calculated as the
odds ratio (OR).

Results: A significant difference was observed in the distribution of the FcyRIIIb
genotype between either AgP and HC, or AgP and CP, but not between CP and HC.
The OR for carriage of the NA2 allele (NAINA2+NA2NA?2 versus NAINA1) in AgP
was 3.27 [95% confidence interval (CI) = 1.57-7.51, p = 0.0027] and 2.94 (95%

CI = 1.49-6.48, p = 0.0037), as compared with HC and CP. After adjusting for
possible confounding factors, the association was still significant.

Conclusions: The results of the present study suggest that subjects carrying at least
one copy of the FcyRIIIb-NA?2 allele might be associated with susceptibility to AgP.
However, the clinical implications of the FcyRIIIb allelic polymorphism should be
determined by further studies.
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Periodontitis is an inflammatory disease
caused by bacteria in the periodontal
pocket. Polymorphonuclear neutrophils
(PMNs) can migrate beyond the junc-
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tional epithelium into the periodontal
pocket to form a barrier between the
epithelium and bacterial plaque and
constitute the first line of defence
against bacterial infection. They are
the most numerous leucocytes among
the cellular infiltrates in gingival crevi-
cular fluid (GCF), and are also found in
the apical part of the pocket epithelium
and in its adjacent connective tissue
(Yuan et al. 1999). The functional
impairment of PMNs in the diseased
periodontium would enhance and pro-
mote the development of periodontitis.

The Fc gamma receptor (FcyR) is the
molecule on the cell surface interacting
with the constant part of immunoglobulin
G (IgG). FcyR-bearing cells can catch the
IgG immune complexes. Therefore,
FcyRs are considered as the crucial links
between the cellular and the humoral
immune systems. Binding of IgG-opso-
nized particles to leucocytes triggers a
variety of potent effects or functions of
leucocytes, including phagocytosis, anti-
body-dependent cellular cytotoxicity,
augmentation of antigen presentation,
release of inflammatory mediators, degra-
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nulation, superoxide production, and reg-
ulation of antibody production (Brun-
khorst et al. 1992, Kushner and Cheung
1992). Besides the antibacterial functions,
these responses also induce inflammatory
reactions and consequently result in tissue
destruction.

Leucocyte FcyRs have been divided
into three main classes: FcyRI (CD64),
FcyRII (CD32), and FceyRII (CD16).
Twelve transcripts of FcyRs have
been identified. FcyRIIIb, which is neu-
trophil-specific, belongs to the low-affi-
nity receptor (Nimmerjahn and Ravetch
2006). In humans, only complexed or
aggregated IgGl and IgG3 can bind
to FcyRIIlb. It is the most abundant
FcyR on neutrophils (about 100,000-
300,000 copies/cell) (Huizinga et al.
1990, De Haas et al. 1995b) and is
important in modulating the immune
response of neutrophil.

FcyRIIIb bears the neutrophil antigen
(NA) polymorphism, designated as NA1
and NA2. The allelic polymorphism in
FcyRIIIb can have significant conse-
quences for the effector function of
PMNs (Salmon et al. 1990). The DNA
that encodes the NA1 allele is different
from that which encodes the NA2 allele
at five nucleotides (positions 141, 147,
227, 277, and 349), resulting in differ-
ences in four amino acids (positions 36,
65, 82 and 106) in the membrane distal
Ig-like domain, which is the Fc-binding
region. The amino acid differences at
positions 65 and 82 result in two extra
glycosylation sites in FcyRIIIb-NA2
(Ory et al. 1989). Glycosylation has a
significant inhibitory effect on the inter-
action of FcyRIIIb with hIgG3 (Galon
et al. 1997). The genetic polymorphism
of FcyRIIIb results in a receptor struc-
tural difference due to a variation in the
glycosylation pattern, and as a conse-
quence, the different IgG-binding affi-
nity. In addition, the two isoforms of
FcyRIIIb display different phagocytic
capacities (Salmon et al. 1992, Bredius
et al. 1994). PMNs from homozygous
NAZ2 subjects exhibited a significantly
lower phagocytosis of IgG1- and IgG3-
opsonized Porphylomonas gingivalis
and lower oxidative burst, compared
with those from homozygous NAI
donors (Kobayashi et al. 2000b).
Therefore, the functions of FcyRIIIb
display an allelic variation. Inappropri-
ate expression of the FcyRIIIb function
is considered to play an important role
in the pathogenesis of periodontitis.

It is well known that microbial factors
cannot solely be held responsible for

periodontitis. Accumulating evidences
suggest that host immune responses to
bacterial challenge and susceptibility to
these infections may be under genetic
control (Michalowicz 1994). The allelic
polymorphism of FcyRIIIb has function-
ally distinct capacities that are important
in receptor-mediated phagocytosis of
IgG immune complexes. When the
FcyRIIIb-mediated leucocyte functions
are less efficient due to genetic poly-
morphism in the FcyR-IIIB genes, the
susceptibility and/or progression of
infectious diseases, including perio-
dontitis, considerably are affected. Sev-
eral studies have been performed on the
association of FcyRIIIb polymorphism
and periodontal diseases (Kobayashi
et al. 2000a, 2001, Meisel et al. 2001,
Sugita et al. 2001, Yoshihara et al. 2001,
Chung et al. 2003, Loos et al. 2003, De
Souza and Colombo 2006, Wolf et al.
2006), but the results are inconsistent.
The possible explanations for the incon-
sistent results are the different ethnici-
ties and the relatively small sample size
in previous studies. The evaluation of
the FcyRIIIb genotype as a risk factor
for periodontal diseases should be
examined in a distinct ethnic back-
ground and should be carried out in a
large population. The present study
aimed to determine the distribution of
the FcyRIIIb genotype and the allele
frequency in Taiwanese individuals
with enrolment of larger numbers of
study subjects, and to evaluate the asso-
ciation of the FcyRIIIb polymorphism
and susceptibility to periodontal disease.

Materials and Methods
Study subjects

This case—control study consisted of 93
aggressive periodontitis (AgP) patients
(40 females, 53 males), 372 chronic
periodontitis (CP) patients (164 females,
208 males), and 158 ethnically matched
periodontally healthy (HC) subjects (82
females, 76 males). They were recruited
from patients who visited the Department
of Periodontics of Kaohsiung Medical
University Hospital. None of them had
a history or clinical manifestations of
systemic diseases that could affect the
progression or expression of periodontal
diseases. Subjects with <18 remaining
teeth, those who are pregnant, currently
breastfeeding, or needed antibiotic pro-
phylaxis before periodontal treatment
were excluded from this study. The study
protocol was approved by the Institu-

tional Review Board of Kaohsiung Med-
ical University. Informed consent was
signed by all subjects.

The study subjects were diagnosed as
having AgP, CP, and HC on the basis of
clinical examinations [probing depth
(PD) and attachment loss (AL)] and
radiographic patterns of alveolar bone
destruction. The diagnostic criteria for
AgP and CP were defined in accordance
with the classification agreed on at the
World Workshop for Periodontics and
The American Academy of Perio-
dontology (1999). AgP was inclusive of
more than eight teeth with AL>5mm
and PD>6 mm. The level of attachment
loss was not consistent with the plaque
level or local contributing factors. CP
was indicated in subjects >35 years of
age, with AL>5mm at more than one
tooth, more than three sites with PD
>6mm, and lesions distributed at more
than two teeth in each quadrant. The
level of attachment loss must appear
consistent with the plaque level or local
contributing factors. HC was indicated
by no evidence of AL at more than one
site or PD>3mm. Almost all AgP
patients were <35 years of age at the
time of the initial diagnosis. The
recruited healthy controls (HC) were old-
er than 35 years so that they could not be
too young to have periodontitis. The
study subjects were classified as current
smokers, former smokers, and non-smo-
kers. 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. For-
mer smokers were subjects who had quit
smoking for at least 6 months.

Sample collection and DNA extraction

Twenty millilitres of heparin-anticoagu-
lated peripheral blood was collected
from each study subject. Genomic
DNA was extracted from the peripheral
blood leucocytes by standard phenol/
chloroform extraction techniques and
precipitation with ethanol (Blin and
Stafford 1976). The DNA concentration
was determined by ultraviolet (UV)
spectrophotometry.

FecyRlIllb allotyping (NA1 and NA2)

FcyRIIIb allotyping was carried out
using allele-specific primers (Bux et al.
1995). Two microlitres of genomic
DNA was added to a 25ul reaction
mixture containing 1 X reaction buffer,
1.5mM MgCl,, 0.2mM dNTP, 1.25U
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Taq polymerase (JMP Holdings, Lon-
don, UK), and 1.0 uM of each primer. In
the NA1-ASPA (allele-specific primer
annealing), the sense primer was 5'-
CAG TGG TTT CAC AAT GTG AA-
3’ and the antisense primer was 5'-CAT
GGA CTT CTA GCT GCA CCG-3'. In
the NA2-ASPA, the sense primer was
5’-CTC AAT GGT ACA GCG TGC TT
-3’ and the antisense primer was 5'-CTG
TAC TCT CCA CTG TCG TT-3'. The
PCR procedure consisted of initial dena-
turation at 95°C for 9 min., followed by
35 cycles of denaturation at 95°C for
30s, annealing at 56°C for 30s, and
extension at 72°C for 30s, followed by
a final extension at 72°C for 10 min. The
products for NA1 and NA2 were 141
and 169 bp, respectively. The genomic
DNA samples from two subjects repre-
senting NAINA1 and NAINA2 geno-
types, which were identified by DNA
sequencing, were used as the internal
controls in each PCR procedure. All
PCR products were analysed by electro-
phoresis on 2% polyacrylamide gels
containing ethidium bromide and were
visualized under UV light.

Statistical analysis

Statistical analyses were performed
using a JMP statistical software package
(SAS Institute, Cary, NC, USA). Com-
parisons of descriptive statistics among
three groups were expressed as mean
(£ SD) and within-group proportions.
Differences in the demographic factors
among the three groups were tested with
the y*-test and the anova test. The
distribution of the FcyRIIIb genotype
and its allele frequencies in each group
were compared by the y*-test. The risk
association of genotypes and perio-
dontal diseases was computed by logis-
tic regression and expressed as an odds
ratio (OR) with a 95% confidence inter-
val (CI). The significance of all analyses
was accepted at p <0.05. To control the
possible confounding effects, age, gen-
der, and smoking status were used as
independent variables of multiple logis-
tic regression for adjustment.

Results

Table 1 presents the demographic char-
acteristics of the study subjects. 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. A

© 2009 John Wiley & Sons A/S

FcyRIIIb genotype and periodontitis

147

Table 1. Demographic characteristics of study subjects classified as patients with aggressive
periodontitis (AgP), chronic periodontitis (CP), and healthy controls (HC)

AgP CP HC Total p-value®
n=93 n=2372 n=158 n=0623
Gender (1) (%) 0.209
Female 40 (43.0) 164 (44.1) 82 (51.9) 286 (45.9)
Male 53 (57.0) 208 (55.9) 76 (48.1) 337 (54.1)
Age (mean £ SD)  37.7+69  524+75 509 +95 <0.0001
Smoking (n) (%) 0.003
None 67 (72.0) 269 (72.3) 132 (83.5) 468 (75.1)
Former 13 (14.0) 25 (6.7) 14 (8.9) 52 (8.3)
Current 13 (14.0) 78 (21.0) 12 (7.6) 103 (16.5)

*Comparisons performed by y>-test or ANOVA

"Smoking status: p = 0.091 for AgP versus HC; p = 0.036 for AgP versus CP; p =0.0008 for CP

versus HC

Table 2. FcyRIIIb genotype distribution and allelic frequencies in patients with aggressive
periodontitis (AgP), chronic periodontitis (CP), and healthy controls (HC)

AgP HC Total
n=93 n=2372 n=158 n=623

Genotype (n) (%)*

NAINAI1 9(9.7) 89 (23.9) 41 (26.0) 139 (22.3)

NAINA2 75 (80.6) 241 (64.8) 88 (55.7) 404 (64.8)

NA2NA2 9 (9.7) 42 (11.3) 29 (18.4) 80 (12.8)
Allelic frequency (n) (%)

NAl 93 (50.0) 419 (56.3) 170 (53.8) 682 (54.7)

NA2 93 (50.0) 325 (43.7) 146 (46.2) 564 (45.3)

*Distribution of FcyRIIIb genotype (3 x 2 contingency table): x> = 17.26, p = 0.0002, for AgP
versus HC; X2 = 11.38, p = 0.0034, for AgP versus CP; x2 =5.59, p=0.0612, for CP versus HC.
TAllelic frequency among groups: the difference was not significant.

Comparisons performed by xz—test.

significant difference was observed in
the smoking status either between CP
patients and HC (p = 0.0008), or between
CP and AgP patients (p =0.036), but
not between AgP patients and HC
(p =0.091). The CP patients were more
likely to be current smokers.

Table 2 presents the distribution of
the FcyRIIIb genotype and allelic fre-
quencies. The genotype distribution of
FcyRIIIb in HC satisfied Hardy—Wein-
berg equilibrium (p > 0.05). In this study
population, heterozygote (the NAINA2
genotype) was the most abundant
(64.8%), followed by the NA1 homo-
zygote (NAINA1 genotype, 22.3%) and
NA2 homozygote (NA2NA2 genotype,
12.8%). The genotype distribution in
AgP was significantly different from
that in HC and that in CP (p = 0.0002
for AgP versus HC, p = 0.0034 for AgP
versus CP), while the genotype distribu-
tion did not show a significant differ-
ence between CP and HC (p = 0.0612).
No significant difference was observed
in the allelic frequency among groups.

Because the genotype distribution in
AgP was significantly different from HC
and CP, we analysed further the associa-
tion of AgP and the FcyRIIIb genotype

(Table 3). The proportion of FcyRIIIb-
NAZ2 carriers was higher in AgP patients
as compared with the CP patients and
HC. The crude OR for NA2 carrier
(NAINA2 and NA2NA2 genotypes
combined compared with the NAINA1
genotype) associated with AgP was 3.27
(95% CI=1.57-7.51, p=0.0027) and
2.94 (95% CI = 1.49-6.48, p = 0.0037)
as compared with HC and CP, respec-
tively. After adjustment for age, gender,
and smoking status, the association was
still significant (adjusted OR =2.74,
95% CI=1.07-7.67, p=0.043 for
AgP versus HC; adjusted OR = 2.65,
95% CI=1.06-7.29, p=0.046 for
AgP versus CP). This means that the
NA2 carriers (NAINA2 or NA2NA2
genotype) had a higher risk of having
AgP than the non-NA2 carriers
(NA1INAT1 genotype). No significant dif-
ference was observed in the distribution
of NA2 carriers between CP and HC.

Discussion

The results of this study indicate that the
FcyRIIIb polymorphism is associated
with susceptibility to AgP in Taiwanese
individuals. The FcyRIIIb-NA2 carriers
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Table 3. The association of FcyRIIIb genotype and risk of periodontitis, comparisons performed

by logistic regression analysis

NAINA2+NA2NA2* NAINAT* Crude OR p-value  Adjusted OR  p-value
(95% CI) (95% CI)

AgP 84 (90.3) 9.7 327 (1.57-7.51) 0.0027 2.74 (1.07-7.67) 0.043
HC 117 (74.1) 41 (25.9) 1 1
AgP 84 (90.3) 9(9.7) 294 (1.49-6.48) 0.0037 2.65 (1.06-7.29) 0.046
CP 283 (76.1) 89 (23.9) 1 1
CP 283 (76.1) 89 (23.9) 1.11 (0.72-1.70) 0.62 1.08 (0.70-1.67) 0.716
HC 117 (74.1) 41 (25.9) 1 1

*Expressed as case number (%)

OR, odds ratio; CI, confidence interval; AgP, aggressive periodontitis; CP, chronic periodontitis;
HC, healthy controls; Adjusted OR, adjusted for gender, sex, and smoking status for logistic

regression analysis.

were found to be over presented in AgP
patients as compared with the HC and
CP patients . The results are consistent
with the findings in Japanese by Yoshi-
hara et al. (2001) and Kobayashi et al.
(2000a) and in Caucasians by De Souza
and Colombo (2006) that carrying at
least one FcyRIIIb-NA?2 allele exhibited
increased susceptibility to AgP, but are
in disagreement with the findings of
Nibali et al. (2006), who reported that
the NAINA1 genotype was associated
with AgP.

Although the association of the
FcyRIIIb polymorphism and susceptibil-
ity to periodontitis in Taiwanese indivi-
duals had been evaluated (Chung et al.
2003), the sample size was small (28
AgP, 50 CP, and 74 HC) in the study.
Because sample size is critical in an
association study, we carried out this
case—control study with a relatively larger
sample size (93 AgP, 372 CP, and 158
HC) in order to obtain a the more reliable
result. Our results showed that the
FcyRIIIb-NA2 carrier was associated
with an increased risk of AgP, and
12.8% of our study subjects had NA2
homozygotes. On the contrary, no asso-
ciation could be observed between
FcyRIIIb  polymorphism and perio-
dontitis, and no NA2 homozygote could
be detected in the aforementioned study.
Another study that surveyed the FcyRIIIb
genotype distribution in 583 Taiwanese
individuals showed that 15.1% of the
study subjects had the NA2NA2 geno-
type (Chen et al. 2006). The genotype
distribution and allelic frequencies of
our study population (623 subjects,
NAINAI 22.3%, NAINA2 64.8%,
NA2NA2 12.8%; NAl allele 54.7%,
NA2 allele 45.3%) were similar to that
found in a southern Chinese population
(413 subjects, NAINAIL 28.1%, NAINA2
56.9%, NA2NA2 14.5%; NAl allele

56.5%, NA2 allele 43.0%) (Tong et al.
2003). The reason why no NA2NA2
genotype could be observed in Chung’s
study could be related to the small sample
size.

Host immune reactions triggered by
periodontal pathogens result in perio-
dontal tissue destruction. High levels of
IgG1 and IgG3 subclass were found in
GCEF taken from periodontitis sites (Wil-
ton et al. 1993, Takahashi et al. 1997).
The efficient catch and phagocytosis of
IgG1- and IgG3-opsonized bacteria via
FcyRIIIb, then clearance of immune com-
plexes are crucial and critical for host
defence in periodontal tissue. Neutrophils
bearing the FcyRIIIb-NA2 allele have
lower receptor affinity to IgG3, which is
the predominant anti-Porphyromonas
gingivalis serum IgG for rapidly progres-
sive periodontitis (it has been changed to
AgP) patients (Whitney et al. 1992), and
lower phagocytic capacity. It is consid-
ered that neutrophils expressing the NA2
allele are less efficient in the capture of
IgG-opsonized periodontal pathogens
(Kobayashi et al. 2000b), and triggering
less potent effector functions of neutro-
phils, being indicative of the humoral
immune response of the FcyRIIIb-NA2
carrier, might be ineffective in clearing
the P. gingivalis or other periodontal
pathogens. The relative impairment of
IgG-immune complexes clearance by
the NA2 allele is supposed to favour
deposition of immune complexes, persis-
tent bacterial infections and consequently
prolonged proinflammatory reactions in
periodontal tissue. The functional depres-
sion of the first line of host-defensive cell
population in the periodontium of the
FcyRIIIb-NA2 carrier would initiate the
development early and enhance the pro-
gression of periodontitis.

Genetic studies of the association
between periodontitis and the FcyRIIIb

polymorphism exhibit inconsistent find-
ings (Table 4). Some investigations
have associated the FcyRIIIb-NA2 allele
with recurrence (Kobayashi et al. 1997),
severity (Kobayashi et al. 2001), sever-
ity and extent of bone loss (Meisel et al.
2001) of CP, and progression of perio-
dontitis (Yoshihara et al. 2005). The
FcyRIIIb-NA2 allele (Yoshihara et al.
2001) and FcyRIIIb NA2NA?2 genotype
were overrepresented in generalized
AgP patients (Kobayashi et al. 2000a,
De Souza and Colombo 2006), and were
associated with susceptibility to loca-
lized AgP in African Americans (Fu
et al. 2002). In contrarst, a study reported
that the FcyRIIIb NAINA1 genotype
was significantly associated with gener-
alized AgP in Caucasians (Nibali et al.
2006). Several reports pointed out that
the FcyRIIIb polymorphism did not con-
tribute to periodontitis (Kobayashi et al.
1997, Chung et al. 2003), likely due to
the very small number of NA2NA2
homozygotes in some ethnic popula-
tions. FcyRIIIb genotype was reported
not to be associated with the severity of
periodontitis (Meisel et al. 2001, Loos et
al. 2003, Wolf et al. 2006) and the
treatment response of periodontitis
(Colombo et al. 1998, Wolf et al.
2006). In addition, the FcyRIIIb geno-
type had also been reported to be related
to interindividual differences in the
resistance to periodontitis. The NAI1
allele was significantly overrepresented
in the periodontitis-resistant group com-
pared with the periodontitis-susceptible
group (Sugita et al. 2001).

Several issues might account for the
conflicting results between the different
studies: variations at the ethnic back-
grounds of the study populations, the
different definitions and classifications
of periodontal disease, and the relatively
small sample size. The NA1 and NA2
allelic frequencies observed in different
ethnic groups were quite different (Hess-
ner et al. 1996). In Caucasians, NA2 is
the most frequent allele (NA1:NA2=
0.37:0.63). On the other hand, NAI1 is
more prevalent in Asian populations,
including Taiwanese individuals and
Japanese (NA1:NA2 = 0.68:0.32). Based
on the literature, the prevalence of the
FcyRIIIb genotype differs widely among
distinct ethnic backgrounds, making
comparisons of the findings among stu-
dies quite difficult. Therefore, the evalua-
tion of any FcyR genotype as the risk
factor for periodontal diseases should be
examined in different ethnic populations.
Sample size is critical in association
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Ethnicity Subjects Genotype distribution (%) Allele p-value Authors
frequency
NAI/NA1 NAI/NA2 NA2/NA2 NAl NA2
Brazilian 49 healthy 91.8 8.2 0.0 096 0.04 OR=325,95% De Souza and Colombo
CI=10.6-99.8 (2006)
31 GAgP 19.4 38.7 41.9 042 058 p<0.001
Caucasian 73 healthy 11 55 34 0.38 0.62  Association not found Wolf et al. (2006)
132 periodontitis 16 47 37 0.39 0.61 (disease severity and
response to therapy)
Taiwanese 74 healthy 44.6 55.4 0.0 0.72  0.28  Association not found Chung et al. (2003)
50 CP 38.0 62.0 0.0 0.69 0.31
30 GAgP 42.9 57.1 0.0 071  0.29
Caucasian 61 healthy 8 48 44 0.32  0.68  Association not found Loos et al. (2003)
68 periodontitis 12 49 40 036 0.64
Japanese 64 healthy 43.8 45.3 10.9 0.66 0.34  Association not found Kobayashi et al. (2001)
50 severe CP 32.0 48.0 20.0 056 0.44
39 moderate CP 46.2 41.0 12.8 0.67 0.33
Caucasian 154 subjects 11.0 51.3 37.7 0.37 0.63 Not associated with Meisel et al. (2001)
disease severity
Japanese 55 healthy 43.6 45.5 11.1 0.66 0.34 EOP versus CP p=0.027  Yoshihara et al. (2001)
42 GEOP 16.7 52.8 30.6 043 0.57 EOP versus HC p = 0.006
52 AP 423 423 15.4 0.63 0.37 OR for NA2 carrier
EOP versus CP
OR =3.67
EOP versus HC
OR =3.87
Japanese 46 p-resistant 43.5 56.5 0.0 072 028 OR=1.87,95% Sugita et al. (2001)
CI=1.07-3.28
73 p-susceptible 26.0 63.0 11.0 058 042 p=0.03
Japanese 104 healthy 35.6 52.9 11.5 0.62 0.38 NA2 carrier Kobayashi et al. (2000a)
83 AP 36.1 48.2 15.7 0.60 0.40 GEOP versus HC:
OR=24
95% CI = 1.0-6.8,
p=0.04
38 GEOP 18.4 52.6 29.0 045 0.55 GEOP versus AP:
OR =25
95% CI =1.0-7.1,
p=0.04
Japanese 105 healthy 36.2 52.4 11.4 0.62 0.38  Association not found Kobayashi et al. (1997)
100 AP 37 43 20 0.59 041
Caucasian 144 healthy 9.7 57.6 32.6 0.22  0.78 NAINALI associated with Nibali et al. (2006)
GagP
88 GAgP 21.6 432 352 040 0.6 OR =2.73, 95%

CI=1.24-6.04, p =0.013

GagP, generalized aggressive periodontitis; CP, chronic periodontitis; GEOP, generalized early onset periodontitis AP, adult periodontitis; p-resistant,
periodontitis resistant p-susceptible: periodontitis susceptible.

studies. The number of study subjects in
several previous studies was relatively
small. The interpretation of conclusions
from these studies should be made with
caution.

Smoking is a known risk factor for
periodontitis. In this study, we just used
the smoking status as an independent
variable for adjustment, and did not
stratify the study subjects by their smok-
ing status, because the current smokers
in AgP patients (13 in 93) and HC (12 in
158) were quite few.

Our study has several limitations.
There are three subclasses of FcyRs
(FeyRIla, FcyRIlla, and IIIb) bearing
functionally allelic polymorphisms that

© 2009 John Wiley & Sons A/S

can interact with IgGl and IgG3 sub-
classes. The IgG-mediated leucocyte
effector function is regulated by the
interaction of FcyRs. Human FcyRs
genes are clustered in very close proxi-
mity on chromosome 1q21-24. The find-
ings of previous studies supported the
fact that the FcyR polymorphisms might
be non-randomly distributed (Van der
Pol et al. 2003, Torkildsen et al. 2005).
Linkage disequilibrium may exist
between the FcyRIIIb gene and the other
FcyRs genes (Hatta et al. 1999) and/or
other adjacent genes. Cross-linking of
FcyRIla and FcyRIIb on neutrophils
showed a synergistic intracellular Ca>*
response (Vossebeld et al. 1995), and

increased phagocytosis and respiratory
burst (Kocher et al. 1997). FcyRIIIb can
enhance FcyRlIla function in an allele-
sensitive manner, that is, NA1 homo-
zygotes of FcyRIIIb showed greater
activation of FcyRIla than the NA2
homozygotes (Salmon et al. 1995).
Therefore, in the investigation of FcyR
polymorphisms and susceptibility to
periodontal disease, FcyR combined
genotypes may represent more relevant
risk factors than a single FcyR genotype.
Some composite genotypes of FcyRs
have been reported to be associated
with periodontal diseases. For instance,
the FcyRIMla-158 V and FcyRIIb-NA2
composite genotype was associated with
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the severity of CP in Japanese (Kobaya-
shi et al. 2001); the FcyRIIIb NA2NA2
and FcyRIla H/H131 composite geno-
type may be associated with generalized
AgP in Caucasians (De Souza and
Colombo 2006). We did not investigate
the combination effect among FcyRs.
We cannot rule out the possibility that
the association of the FcyRIIIb poly-
morphism with susceptibility to AgP
may result from the linkage disequili-
brium with the real susceptibility genes
located in the neighbouring FcyR genes.

In summary, we have identified that
the FcyRIIIb allelic polymorphism is
associated with susceptibility to AgP.
However, the clinical implications of
the FcyRIIIb polymorphism are not yet
clear (De Haas et al. 1995a). Further
investigations about the clinical impli-
cations of the FcyRIIIb polymorphism
and the effects of FcyR composite gen-
otypes on neutrophils are needed to
clarify the significance of the findings
of the present study.
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Clinical Relevance

Scientific rationale for the study:
FcyRIIIb plays an important role in
the neutrophil defence against invad-
ing microorganisms. Because the
allelic polymorphism of FcyRIIb
can affect the receptor affinity and
phagocytic capacity of neutrophils,

we carried out this study to evaluate
the association between the FcyRIIIb
allelic polymorphism and suscept-
ibility to periodontitis.

Principal  findings: Carriage of
FcyRIIIb-NA2 allele was associated
with increased susceptibility to AgP
patients as compared with the HC

and CP in this Taiwanese individuals
population.

Practical implications: Subjects who
are FcyRIIIb-NA2 carriers (either the
NAINA2 genotype or the NA2NA2
genotype) had a higher risk of having
AgP.
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