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Background and Objective: Periodontitis is a multifactorial disease influenced
partly by genetics. Activation of pattern recognition receptors (PRRs) can lead to
the up-regulation of inflammatory pathways, resulting in periodontal tissue
destruction. Hence, functional polymorphisms located in PRRs can explain dif-
ferences in host susceptibility to periodontitis. This study investigated single
nucleotide polymorphisms of PRRs including toll-like receptor (TLR)2 (G2408A),
TLR4 (A896G), TLRY (T1486C), TLRY (T1237C) and CDI14 (C260T) in patients
with chronic periodontitis and in periodontally healthy subjects.

Methods: One-hundred and fourteen patients with chronic periodontitis and 77
periodontally healthy subjects were genotyped using TagMan® allelic discrimi-
nation assays. Fisher’s exact test and chi-square analyses were performed to
compare genotype and allele frequencies.

Results: The frequency of subjects with the CC genotype of CD14 (C260T) (24.6%
in the chronic periodontitis group vs. 13% in the periodontally healthy group) and
those expressing the T allele of CD14 (C260T) (CT and TT) (75.4% in the chronic
periodontitis group vs. 87% in the periodontally healthy group) was statistically
different among groups (p = 0.04). Homozygocity for the C allele of the CD14
(C260T) polymorphism (CC) was associated with a two—fold increased suscepti-
bility to periodontitis (p = 0.04; odds ratio, 2.49; 95% confidence interval, 1.06—
6.26). Individuals with the CC genotype of TLRY (T1486C) (14.9% in the chronic
periodontitis group vs. 28.6% in the periodontally healthy group) and those
expressing the T allele of TLR9 (T1486C) (CT and TT) (85.1% in the chronic
periodontitis group vs. 71.4% in the periodontally healthy group) were also sig-
nificantly differently distributed between groups without adjustment (p = 0.03).
Further analysis of nonsmokers revealed a significant difference in the distribution
of genotypes between groups for TLR9 (T1486C; p = 0.017) and CDI14 (C260T;
p = 0.03), polymorphisms again without adjustment.

Conclusion: The CC genotype of CD14 (C260T) is related to susceptibility to
chronic periodontitis in Caucasians. In addition, differences observed in the dis-
tribution of TLR9 (T1486C) genotypes between groups warrant further investi-
gation.
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Periodontal diseases occur as a result
of infection with gram-negative, anaer-
obic pathogenic bacteria that trigger
destructive host immune responses
(1,2). Variations in host susceptibility
and clinical presentation of periodon-
tal disease between individuals can
partly be explained by genetic variation
(3,4), and recent investigations have
focused on identifying genetic markers
that may modify immune responses
and subsequently make individuals
more susceptible to periodontal disease
(5).

The host immune system responds
to invading pathogens by detecting
conserved pathogen-associated molec-
ular patterns (PAMPs) through an
array of receptors called pattern rec-
ognition receptors (PRR), including
toll-like receptors (TLRs) and CD14.
Engagement of PRRs with their
ligands sets off a cascade of inflam-
matory reactions which, if not bal-
anced, may exacerbate chronic
inflammatory processes and possibly
periodontal diseases (6). Single nucle-
otide polymorphisms (SNPs) in toll
receptor and CD14 genes have been
identified and found to be associated
with various forms of infectious and
immune diseases (7). Hence, PRR
genes that are involved in the regula-
tion of inflammatory processes repre-
sent plausible candidates for the
elucidation of the genetic background
of periodontal disease.

TLR4 is a transmembrane receptor
with a leucine-rich extracellular domain
and an intracellular domain with high
homology to the interleukin-1 recep-
tor. TLR4 was the first toll protein
described in mammals and functions
mainly as a receptor for bacterial
lipopolysaccharide (LPS) (8). The
TLR4 gene is located on chromosome
9q32-q33. A missense mutation in the
coding region of the TLR4 gene, TLR4
(A896QG), is associated with hypo-
responsiveness to LPS (9-11). The
G allele of the TLR4 (A896G) poly-
morphism is associated with an
increased risk of urinary tract infection
in children (12), impaired responses to
respiratory syncytial virus bronchiolitis
(13,14) and an altered chronic course
of sarcoidosis (15). While some studies
reported a positive association between

Pattern recognition receptor polymorphisms in periodontitis

chronic periodontitis and the TLR4
(A896G) polymorphism (16,17), others
failed to find any associations (18,19).
One study reported a decreased risk for
aggressive  periodontitis  associated
with the TLR4 (A896G) polymorphism
(20), while another study reported that
gingival epithelial cells heterozygous
for the TLR4 (A896G) polymorphism
are hyporesponsive to Porphyromonas
gingivalis infection (21). A recent meta-
analysis of the studies investigating the
association of TLR4 and periodontal
disease revealed that the G allele of the
TLR4 (A896G) SNP may contribute to
increased susceptibility to chronic
periodontitis (22).

CD14 is a 55-kDa glycoprotein that
forms a complex with LPS and can be
found in two forms — soluble CD14
and membrane-bound CDI14 — and is
mainly expressed on the surface of
myeloid cells, especially on monocytes
and macrophages. CD14 lacks trans-
membrane and cytoplasmic domains
and therefore does not elicit intracel-
lular signalling, but can form a com-
plex with LPS and LPS-binding
protein (LBP), playing a role as a
co-receptor for TLRs. Binding of the
LPS/LBP/CD14 complex to TLR4
triggers the downstream events in LPS
signalling, resulting in the activation of
nuclear factor-kappaB followed by the
transcription of various proinflamma-
tory cytokine genes (23). As well as its
role in LPS-mediated signalling, CD14
also plays role in the recognition of
PAMPs from mycobacteria and viruses
and participates in signalling events
involving TLR2 (24). The gene for the
CD14 receptor is located on chromo-
some 5q31 and consists of a 3900-bp
region organized into two exons
encoding a protein of 375 amino acids.
The SNP (C260T) is located in the
promoter region of the CDI4 receptor
gene and is associated with enhanced
transcriptional activity leading to
higher serum CD14 levels (25). The TT
genotype of the CDI4 (C260T) SNP
and the G allele of the TLR4 (A896G)
polymorphism were found to be asso-
ciated with atherosclerosis (26). The T
allele of the CDI4 (C260CT) poly-
morphism was also associated with
reduced atopy (27). With regards to
periodontal disease susceptibility, the
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CD14 (C260T) polymorphism has been
associated with chronic severe peri-
odontitis in Caucasian subjects of
north European origin, with 90% of
patients vs. 72% of controls expressing
the C allele (28). While one study
reported an association of the C allele
of the CDI4 (C260T) polymorphism
with chronic periodontitis in female
patients (29), another study reported
an association between chronic peri-
odontitis and the TT genotype of the
CD14 (C260T) polymorphism (19). No
association of the CD14 (C260T) SNP
with periodontal disease was found
in west European Caucasians (20) or in
Japanese people (30). However,
increased expression of the T allele in
younger Japanese patients with peri-
odontitis prompted the authors to
suggest that carriage of the T allele
may be a predisposing factor for early
disease activity in this population (30).
Again, no association of the CDI4
(C260T) polymorphism and chronic
periodontitis in a Finnish population
could be found, but the investigators
reported a composite genotype effect of
the T allele of the CD14 (C260T) SNP
and the G allele of the interleukin-6
(C174G) SNP in the susceptibility to
periodontal diseases (31). Other studies
also reported inconsistent results for
the distribution of CD14 (C260T) geno-
types in periodontal disease (32-34).
TLR2 is involved in both gram-po-
sitive and gram-negative PAMP rec-
ognition (6). The major PAMPs
associated with periodontal pathogens
that elicit signalling through TLR2
include LPS and fimbriae from P. gin-
givalis (35,36), the BspA protein of
Tannerella forsythia (37), as well as
bacterial lipoproteins. The polymor-
phism T7LR2 (G2408A) is located
within the coding region of the recep-
tor, resulting in an amino acid change:
arginine to glycine at position 753. The
TLR2 (G2408A) polymorphism has
been associated with increased suscep-
tibility to recurrent bacterial infections
and rheumatic fever in children (38,39)
and increased susceptibility to tuber-
culosis (40) as well as increased risk for
preterm birth (41) and acute reactive
arthritis (42). So far, studies investi-
gating the effect of the TLR2 (G2408A)
polymorphism in periodontal disease
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have failed to identify any association
(18,43).

TLRY represents another member of
the toll-receptor family and is mainly
involved in bacterial DNA recognition
(44). More than one pathogen is
implicated in the aetiology of peri-

odontal disease, and the possible
role of periodontal bacterial DNA as
a PAMP initiating inflammatory

responses in  periodontal disease
pathology has been suggested (45,46).
Increased expression of TLR9 has also
been reported in periodontally diseased
sites compared with gingivitis sites,
implicating a role of TLR9-mediated
immune responses in periodontal dis-
ease pathogenesis (47,48). The TLR9
gene is located on chromosome 3p21.3,
spanning approximately 5 kb and with
two exons. In the TLR9 gene-promoter
region, two polymorphisms (T1486C)
and (T1237C), were identified that
create new binding sites for Sp-1 and
nuclear factor-kappaB, respectively
(49). TLRY9 polymorphisms were
shown to be associated with suscepti-
bility to asthma (50), Crohn’s disease
(51,52), atopic eczema (53), pulmonary
tuberculosis (54), puerperal group A
streptococcal sepsis (55), Hodgkin’s
Ilymphoma (56) and systemic lupus
erythematosus (57). So far, only one
study has investigated the involvement
of TLRY polymorphisms in periodon-
tal disease which reported increased
expression of TLR9 haplotypes
(T1486/T1237) combined with the A
allele of the TLR2 (A2848G) SNP in
chronic periodontitis in Caucasians
(59).

There is no doubt that PRRs play
major role in periodontal disease
pathogenesis and that it is likely that
functional polymorphisms in PRR
genes may modify periodontal inflam-
mation leading to either a resistant or a
susceptible phenotype. To date, studies
investigating the role of TLR2, TLR4
and CDI14 gene polymorphisms in the
periodontal disease process are not in
agreement. This may be a result of the
racial or geographical differences in the
study populations or because of the
low frequency of some TLR polymor-
phisms in the general population.
TLRY9, however, has not been ade-
quately evaluated as to date there is

only one report that has investigated
the frequency of SNPs in the TLR9
gene in periodontitis. The aim of this
study was to determine the frequency
of SNPs in TLR2, TLR4, TLR9 and
CD14 genes in patients with chronic
periodontitis and in periodontally
healthy Caucasian subjects. Our results
provide further evidence for the
involvement of specific SNPs in vari-
ous PRRs in periodontal disease sus-
ceptibility.

Material and methods

Study population and experimental
design

Patients and control subjects were
previously recruited to participate in
studies involving genetic analysis to
elucidate the role of the genetic back-
ground in periodontal disease in the
Periodontal Disease Research Centers
at the State University of New York at
Buffalo and Virginia Commonwealth
University. The protocol for genetic
analysis was approved by an Institu-
tional Review Board in both universi-
ties, and all subjects had signed consent
forms to participate in a study involv-
ing genetic analysis. Clinical measure-
ments included dental plaque index,
periodontal pocket depth, bleeding on
probing and clinical attachment level.
A total of 191 subjects with available
DNA samples enrolled in this study.
Subjects were assigned as having
chronic periodontitis if they exhibited
at least four periodontal pockets of
> 5 mm that bled on gentle probing
and at least one pocket of > 7 mm. A
periodontally healthy reference group
consisted of individuals who did not
have any periodontal pockets of
> 3 mm. Individuals were excluded
who had, currently or previously, any
systemic conditions including cancer,
cardiovascular disease, any renal or
hepatic disorders, diabetes, severe
asthma, oral candidiasis or HIV. Also
excluded were those with any systemic
conditions requiring use of nonsteroi-
dal anti-inflammatory drugs or any
immunosuppressive drugs, and who
used antibiotics, steroids or nonsteroi-
dal anti-inflammatory drugs within
3 wk before the baseline examination,

or who were pregnant or lactating. The
smoking status was classified as cur-
rent, former and nonsmoker. Subjects
who had quit smoking 5 years or more
before baseline were assigned to the
nonsmoker group and the former
smoker group included those who had
quit smoking within 5 years.

Genetic analysis

Genotyping was performed on DNA
samples that had been previously
extracted from whole blood and
stored at —70°C, for the following
genes: TLR2 (G2408A) [SNP identifi-
cation (ID): rs5743708], TLR4
(A896G) (SNP ID: rs4986790), TLRY
(T1237C) (SNP ID: rs5743836), TLRY
(T1486C) (SNP ID: rs187084) and
CD14 (C260T) (SNP ID: rs2569190).
All screening methods were PCR
based using TagMan® allelic dis-
crimination Assay-by-Design®™ SNP
Genotyping Assays (Applied Biosys-
tems, Foster City, CA, USA). Specific
primers and probes were predesigned
using the PRIMER EXPRESS program
(Applied Biosystems) and labelled with
VIC and FAM fluorescein dyes. PCR
was performed using a Real Time ther-
mocycler AB 7500 (Applied Biosys-
tems) in a volume of 20 pL containing
2 uL of DNA (24 ng/uL), 13 pL of
PCR mix containing primers, probes
and 2x TaqMan Universal MasterMix,
No AmpErase UNG (Applied Biosys-
tems) and 5 pL of H,O, following the
manufacturer’s instructions. The PCR
conditions were as follows: a hold step
at 95°C for 10 min, followed by 40
cycles of denaturation at 92°C for 15 s
and an annealing and extension step
at 60°C for 1 min. Fluorescein signals
were determined after completion of
PCR amplification and, based on the
signals generated from each well, spe-
cific alleles were determined using ABI
PRISM Sequence Detection System
(SDS) software. Positive controls with
known genotypes, and negative con-
trols without DNA template, were
included in each PCR run. To further
validate the results obtained from real-
time analysis, PCR-restriction fragment
length polymorphism analyses were
performed on selected samples, follow-
ing published protocols (19,59).



Statistical analysis

Fisher’s exact test and chi-square
analyses were performed to compare
genotype and allele frequencies. The
chi-square test was employed if the
homozygote and heterozygote fre-
quencies for each SNP deviated from
Hardy—Weinberg equilibrium. As there
were differences between the groups in
the prevalence of smoking, gender
distribution and age distribution,
logistic regression was used to adjust
the significance levels for these factors.

The meta-analysis of the CDI4
(C260T) polymorphism was conducted
using Comprehensive Meta Analysis
Version 2.0 (Biostat, Englewood, NJ,
USA). A comprehensive literature
search (until May 2010) was carried
out on MEDLINE with language
restriction to English using the key
words ‘CD14 polymorphism’ and
‘periodontitis’. Out of 19 manuscripts
that met the criteria, 10 were included
based on the following inclusion crite-
ria: original investigations; and cross-
sectional studies investigating the
association of the CD 14 polymorphism
with chronic periodontitis and aggres-
sive periodontitis. Random-effect meth-
ods were used for the analysis. We
calculated the specific odds ratios
along with their 95% confidence
intervals to compare the distribution of
alleles and genotypes between cases
and controls.

Results

The characteristics of the study popu-
lation are shown in Table 1. There was
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a statistically significant difference
between groups regarding age and
smoking status, and therefore all
analyses were adjusted taking into
account these differences as well as
gender. Distribution of specific geno-
types and alleles among groups are
presented in Table 2. There was no
significant difference in the frequency
of specific genotypes among groups;
however, the distribution of genotypes
was marginally different for the
TLRY (T1486C) polymorphism among
groups (p = 0.06) (Table 2). We then
investigated the differences based on
allelic expression. Table 3 summarizes
the distribution of TLRY (T1486C) and
CD14 (C260T) polymorphisms among
the diseased group (chronic period-
ontitis) vs. the healthy group (period-
ontally healthy), comparing homozygocity
for the C allele of both SNPs (CC
genotype) with the T-allele carrier sta-
tus (CT and TT). The frequency of
subjects who were homozygous for the
C allele of CD14 (C260T) (CC) (24.6%
in the chronic periodontitis group vs.
13% in the periodontally healthy
group) and those expressing the T
allele of CD14 (C260T) (CT and TT)
(75.4% in the chronic periodontitis
group vs. 87% in the periodontally
healthy group) was statistically differ-
ent among groups after adjusting
for confounding factors (p = 0.04)
(Table 3). Individuals who were
homozygous for the C allele of the
TLR9 (T1486C) SNP (CC) (14.9% in
the chronic periodontitis group vs.
28.6% in the periodontally healthy
group) and who expressed the T allele
of the TLRY (T1486C) (CT and TT)

Table 1. Characteristics of the study population

Chronic No
periodontitis periodontitis
(n = 114) (n =177) p-value
Mean age (yr) 529 = 1.0 457 £ 1.7 < 0.0003
Gender (female) 56 (49) 34 (45) NS
Smoking status < 0.0001
Current 40 (35) 4 (5)
Former 31 (27) 17 (22)
Never 43 (37) 56 (73)
Mean probing depth (mm) 322 £ 0.1 1.79 £ 0.0 < 0.0001
Mean attachment loss (mm) 5.8 £ 0.1 1.1 £ 0.1 < 0.0001
Mean plaque index 1.46 + 0.06 0.40 £ 0.03 < 0.0001

Data are given as n (%) or as mean + standard error.

NS, not significant.

(85.1% in the chronic periodontitis
group vs. 71.4% in the periodontally
healthy group) were also significantly
differently distributed between groups
without adjustment (p = 0.03); how-
ever, the significance did not remain
after adjusting for age, gender and
smoking status (p = 0.06) (Table 3).
Further analyses of the association of
CDI14 (C260T) polymorphisms with
periodontal disease revealed that being
homozygous for the C allele of the
CDI14 (C260T) polymorphism was
associated with increased susceptibility
to periodontitis (p = 0.04; odds ratio,
2.49; 95% confidence interval, 1.06—
6.26) (Table 3). There are conflicting
reports regarding the association of the
CDI14 (C260T) polymorphism with
periodontal disease. Therefore, we also
performed a meta-analysis including
the studies that investigated the asso-
ciation of the CDI4 (C260T) poly-
morphism with periodontal disease.
While our results were consistent with
a number of previously published
studies that reported an increased
frequency of the C allele in subjects
with periodontal disease compared to
healthy controls, the results of the
meta-analysis did not determine any
statistically significant differences in
the distribution of genotypes of the
CD14 (C260T) polymorphism among
patients with chronic periodontitis vs.
periodontally healthy subjects (p =
0.08) (Table 4). Our analyses using a
subgroup of nonsmokers from each
group (chronic periodontitis and
periodontally healthy) revealed a sig-
nificant difference in the distribution of
genotypes between chronic period-
ontitis and periodontally healthy
groups for CDI14 (C260T) (p = 0.03)
(Table 5) and TLR9 (T1486C)
(p = 0.017) (Table 6) polymorphisms
but the significance was lost after
adjusting for confounders (Tables 5
and 6). Consistent with the previous
reports, the presence of polymorphic
alleles for certain genes was low in the
study population. There were no indi-
viduals homozygous for the G allele of
TLR4 (A896) and the G allele of TLR2
(G2408A) SNPs in our study popula-
tion (Table 2). All genotyping was
performed using real-time PCR and
the results were further confirmed by
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Table 2. Genotype and allele frequency of toll-like receptor TLR4, TLR2, TLRY and CD14 gene polymorphisms in patients with chronic

periodontitis and periodontally healthy subjects

Chronic Periodontally Chronic Periodontally
periodontitis healthy periodontitis healthy
n (%) n (%) 2n (%) 2n (%)
Polymorphism Genotype (n = 114) (n=177) Allele (n = 228) (n = 154) p-value
TLR4 (A896G) AA 95 (83.3) 59 (76.6) A 209 135 (87.6) NS
AG 19 (16.6) 17 (22.1) G 91.6) 19 (12.4)
GG 0 (0.0) 1(1.3) 19 (8.3)
TLR2 (G2408A) GG 105 (92.1) 96.1 (74) G 219 (96) 151 (98) NS
GA 9(7.9) 39 (3) A 9 (4) 3(2)
AA 0 (0.0) 0.0
TLRY (T1486C) TT 38.6 (44) 36.4 (28) T 141 (61.8) 83 (53.8) 0.06
TC 46.5 (53) 35.1(27) C 87 (38.2) 71 (46.2)
CcC 14.9 (17) 28.6 (22)
TLRY (T1237C) TT 71.1 (81) 72.7 (56) T 193 131 (85) NS
TC 27.2 (31) 24.7 (19) C (84.6) 23 (15)
CcC 1.8 (2) 2.6 (2) 35 (15.4)
CD14 (C260T) CcC 24.6 (28) 13.0 (10) C 117 (51.3) 68 (44.1) NS
CT 53.5 (61) 62.3 (48) T 111 (48.6) 86 (55.9)
TT 21.9 (25) 24.7 (19)

NS, not significant.

Table 3. Frequency of the CC genotype toll-like receptor (7LR)9 (T1486C) and CDI14
(C260T) polymorphisms vs. expression of the T allele (CT and TT) among patients with
chronic periodontitis and periodontally healthy subjects

Chronic Periodontally Odds
periodontitis  healthy ratio
(%) (%) (95% confidence
Polymorphism Genotype (n = 114) (n="177) p-value  interval)®
TLRY (T1486C) CC 14.9 28.6 0.03% 0.48 (0.20-2.08)
CT and TT 85.1 71.4 0.1°
CDI14 (C260T) CC 24.6 13.0 0.06"
CTand TT 754 87.0 0.04° 2.49 (1.06-6.26)

¢ Bivariate.
® Adjusted for age, race and smoking.

restriction fragment length polymor-
phism analyses of selected samples.
Figure 1 is an agarose gel showing
different genotypes of the CDI4
(C260T) polymorphism after digestion
with the restriction enzyme Haelll.

Discussion

An expanding body of evidence impli-
cates the importance of PRRs in peri-
odontal diseases. Here we report
genotype and allele frequencies of dif-
ferent PRRs, including TLR2, TLR4,
TLRY and CDI4, in Caucasians with
chronic periodontitis and in periodon-
tally healthy subjects. The only SNP
that holds significant association with
periodontal disease after adjusting for

the confounding factors is the C allele
of the CDI14 (C260T) polymorphism.
In addition, a marginal difference was
observed in the distribution of TLRY
(T1486C) genotypes between chronic
periodontitis and periodontally healthy
subjects.

In our study, the frequency of the
subjects who were homozygous for the
C allele of CD14 (C260T) (CC) (24.6%
in the chronic periodontitis group vs.
13% in the periodontally healthy
group) and those expressing the T
allele of CD14 (C260T) (CT and TT)
(75.4% in the chronic periodontitis
group vs. 87% in the periodontally
healthy group) was statistically differ-
ent among groups (p = 0.04), and
being homozygous for the C allele of

the CD14 (C260T) polymorphism was
associated with a twofold increased
susceptibility to the disease (p = 0.04,
odds ratio, 2.49; 95% confidence
interval, 1.06-6.26) (Table 3). The
CDI14 (C260T) polymorphism is
located in the promoter region of the
gene within the Spl transcription fac-
tor-binding site. The T allele has been
shown to cause increased transcrip-
tional activity, resulting in the up-reg-
ulation of soluble CDI14 levels by
decreasing the affinity of Sp-1 (60).
Although it is plausible to assume that
T-allele carriage would increase sus-
ceptibility for periodontal disease by
up-regulating CD14
number of previous studies reported
increased frequency of the C allele in
periodontitis patients (Table 4), and
the distribution of specific CDI14
(C260T) genotypes among chronic
periodontitis and periodontally healthy
groups in our study population was
also consistent with these investiga-
tions. Yet, some of the previous studies
also reported a higher frequency of the
CDI14 T allele combined with other
genotypes of other genes, explaining
the differences in disease severity
(19,31). In contrast to the hypothesis
that the T allele may be associated with
increased susceptibility to periodontitis
by increasing soluble CD14 levels in
localized tissues, there are also reports

expression, a
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Table 4. Meta-analysis of the studies reporting the CD74 (C260T) polymorphism in chronic periodontitis and periodontally healthy subjects
in different populations: CD/4 (C260T) homozygous CC vs. CT and TT

Table 5. Distribution of CDI4 (C260T) genotypes in non-smokers between periodontal
disease (CP) versus periodontally-healthy subjects (NP)

Study CC CT&TT
Groups (N) N (%) N (%) p value
CP (43) 15 (34.9) 28 (65.1)
NP (56) 8 (14.3) 48 (85.7)

p = 0.03 (Bivariate)
p = 0.09 (*Adjusted)

*Adjusted for age, race and smoking.

Table 6. Distribution of TLR9(T1486C) genotypes in non-smokers between periodontal

disease (CP) vs. periodontally-healthy subjects

Study CcC CT&TT
Groups (N) N (%) N (%) p value
CP (43) 5(11.6) 38 (88.4)
NP (56) 19 (33.9) 37 (66.1)

p = 0.01 (Bivariate)
p = 0.06 (*Adjusted)

*Adjusted for age, race and smoking.

which demonstrated decreased expres-
sion of membrane-bound CD14 and of
soluble CD14 that were associated with
advanced attachment loss (61,62).
Furthermore, reduced expression of
CD14 on monocytes was also associ-
ated with increased susceptibility for
aggressive periodontitis (63). Hence, it
is likely that increased expression of

CD14, associated with the presence of
the T allele, may be protective in peri-
odontal disease and this may explain
the significantly higher prevalence of
the CC genotype in the periodontitis
group and T-allele carriage in control
subjects reported in previous publica-
tions, as well as in this study (Table 4).
In addition, decreased prevalence of

Ladder

(100bp) TT CC CT TT CT

107 bp
83 bp

24 bp

Fig. 1. Restriction fragment length analysis
of the CDI4 (C260T) polymorphism.
Genotyping was performed using the
forward primer 5-TCACCTCCCCACCT-
CTCTT-3" and the reverse primer 5-CCT-
GCAGAATCCTTCCTGTT-3". PCR amp-
lification was performed as follows: cycle 1
(x1), 94°C for 2 min; followed by cycle 2
(x35), 94°C for 20 s, 60°C for 20 s and 68°C
for 1 min. Haelll (Fermentas) digestion of
the PCR products resulted in two fragments
of 83 bp and 24 bp for the C allele and
107 bp for the T allele. The 4% agarose gel
shows CC, CT and TT genotypes of the
CD14 (C260T) polymorphism.

Prevotella  intermedia in  patients
expressing the TT genotype further
supports the notion that T-allele car-

riage may be protective in periodontitis
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(64). Considering the variations in dif-
ferent studies regarding the distribu-
tion of specific genotypes of CDI4
polymorphism in periodontitis, we also
performed a meta-analysis that failed
to identify any statistically significant
differences in the distribution of geno-
types of the CDI4 (C260T) polymor-
phism (p = 0.08) (Table 4). However,
the inconsistent findings among studies
warrant further investigation.

There was no significant difference
in the frequency of TLR2, TLR4 and
TLRY genotypes among groups in this
study; however, the distribution of
genotypes was marginally different for
the TLR9 (T1486C) polymorphism
among groups (p = 0.06) (Table 2).
Further analyses, based on allelic
expression, revealed differences in the
distribution of TLRY (T1486C) alleles
among groups without adjustment
(»p = 0.03) (Table 3). Analysis that
included nonsmoking subjects again
revealed a significant difference in the
distribution of genotypes between
chronic periodontitis and periodontally
healthy groups for TLR9 (T1486C)
(»p = 0.017) (Table 6) without adjust-
ing for confounders. In silico analysis
showed that the 7TLR9 (T1486C)
polymorphism is located within the
Sp-1-binding site in the promoter re-
gion of the gene (49). It was also
determined that C-allele carriage is
responsible for decreased transcrip-
tional activity (57). It is possible that
decreased  transcriptional  activity
resulting in decreased expression of
TLR9 may result in a protective phe-
notype that explains the abundance of
the CC allele in periodontally healthy
subjects. TLR9 expression is increased
in periodontally diseased tissues com-
pared with gingivitis sites (47,48), and
periodontal bacterial DNA from var-
ious periodontal pathogens can trigger
the production of inflammatory cyto-
kines from human fibroblasts and
monocytes as well as from mouse
macrophages (45,46) mainly via TLR9
signalling. Considering the multibac-
terial aetiology of periodontal dis-
eases, it is likely that periodontal
pathogenic DNA that exists in the
tissues can contribute to periodontal
inflammation by activating TLR9 sig-
nalling pathways. Hence, T-allele car-

riage of the TLRY (T1486C) SNP may
predispose individuals to periodontal
disease by creating a phenotype that is
more prone to increased expression of
TLRY, which might lead to a hyper-
inflammatory response. Considering
the limited amount of available data
on the interaction of TLRY9 with
periodontal disease, this might be a
little speculative. However, cross-talk
between different PPRs and signalling
pathways exists (65-67) and it is cer-
tainly plausible to consider that TLR9
may contribute to  periodontal
inflammation either individually or by
interacting with other receptors and
signalling pathways. In fact, TLR9
expression is increased at sites with
periodontitis compared to gingivitis
sites (47,48). Moreover, increased fre-
quency of the T allele of the TLR9
(T1486C) SNP in patients with
chronic periodontitis combined with
the T allele of TLR9 (T1237C) and
the G allele of TLR2 (G2848A), was
also recently reported by another
group (58). Our study did not include
the TLR2 (G2848A) SNP, but we did
not detect any significant combined
effect of different alleles in other
polymorphic sites in other genes with
periodontal disease (data not shown).
We believe that our results, combined
with previous reports, warrant further
investigations to determine the
importance of TLR9 polymorphisms
and their functional relevance to
periodontal disease pathology.
Periodontal diseases are multifac-
torial and it is highly likely that more
than one genotypic locus will influence
an individual’s susceptibility to peri-
odontitis. This study was designed to
identify SNPs that are located at
potentially important functional sites
in the PRR genes which are most
frequently implicated in periodontal
inflammation, including TLR2, TLR4
and CDI4. TLRY9, in contrast,
although not studied as extensively as
the others in periodontal disease
pathology, is a newly emerging
receptor implicated in several systemic
conditions as well as in periodontal
inflammation. So far, studies investi-
gating the frequency of different
polymorphic sites in TLR2, TLR4 and
CD14 genes in periodontitis reported

inconsistent results and there is only
one report that investigated the
involvement of the TLRY9 polymor-
phism in periodontal disease. The lack
of replication might be a result of the
differences in populations or in disease
definition, or may be caused by the
complex interactions between multiple
population-specific genetic and envi-
ronmental factors. It is important to
point out that there are other PRRs,
as well as accessory molecules, besides
the ones included in this study, that
represent potential candidates to be
evaluated in genetic susceptibility to
periodontitis. Currently, the availabil-
ity of genome-wide arrays allows
scanning of a wide range of genes and
identification of their association with
the disease processes. Although such
methods were not employed in this
study and only a limited number of
genes was investigated, our results
provide promising evidence to design
future studies with increased sample
sizes to determine genetic susceptibil-
ity to periodontitis in PRRs. Future
studies will continue to improve our
understanding of the relationships
among PRR signalling, genetic poly-
morphisms and periodontal disease,
revealing new approaches to modulate
the biological systems that will con-
tribute to favourable clinical out-
comes.

Acknowledgements

The authors declare that they have no
conflict of interest. This study was
supported by the start-up funding
provided to Dr S. E. Sahingur from the
Virginia Commonwealth University.

References

1. Taubman MA, Valverde P, Han X, Kawai
T. Immune response: the key to bone
resorption in periodontal disease. J Peri-
odontol 2005;76:2033-2041.

2. Cochran DL. Inflammation and bone loss
in periodontal disease. J Periodontol
2008;79:1569-1576.

3. Michalowicz BS, Diehl SR, Gunsolley JC
et al. Evidence of a substantial genetic
basis for risk of adult periodontitis.
J Periodontol 2000;71:1699—-1707.

4. Schenkein HA. Finding genetic risk fac-
tors for periodontal diseases: is the climb



10.

15.

18.

worth the view?  Periodontol 2000
2002;30:79-90.

Laine ML, Loos BG, Crielaard W. Gene
polymorphisms in chronic periodontitis.
Int J Dent ;2010:324719.

Mahanonda R, Pichyangkul S. Toll-like
receptors and their role in periodontal
health and disease. Periodontol 2000
2007;43:41-55.

Schwartz DA, Cook DN. Polymorphisms
of the Toll-like receptors and human dis-
ease. Clin Infect Dis 2005;41(Suppl
7):5403-407.

Janeway CA Jr, Medzhitov R. Lipopro-
teins take their toll on the host. Curr Biol
1999:9:R879-882.

Arbour NC, Lorenz E, Schutte BC et al.
TLR4 mutations are associated with
endotoxin hyporesponsiveness in humans.
Nat Genet 2000;25:187-191.

Michel O, LeVan TD, Stern D et al. Sys-
temic responsiveness to lipopolysaccha-
ride and polymorphisms in the toll-like
receptor 4 gene in human beings. J Allergy
Clin Immunol 2003;112:923-929.

. Ferwerda B, McCall MB, Verheijen K

et al. Functional consequences of toll-like
receptor 4 polymorphisms. Mol Med
2008;14:346-352.

Karoly E, Fekete A, Banki NF et al. Heat
shock protein 72 (HSPA1B) gene poly-
morphism and Toll-like receptor (TLR) 4
mutation are associated with increased
risk of urinary tract infection in children.
Pediatr Res 2007;61:371-374.

Mandelberg A, Tal G, Naugolny L et al.
Lipopolysaccharide  hyporesponsiveness
as a risk factor for intensive care unit
hospitalization in infants with respiratory
syncitial virus bronchiolitis. Clin  Exp
Immunol 2006;144:48-52.

Tulic MK, Hurrelbrink RJ, Prele CM
et al. TLR4 polymorphisms mediate im-
paired responses to respiratory syncytial
virus and lipopolysaccharide. J Immunol
2007;179:132-140.

Pabst S, Baumgarten G, Stremmel A et al.
Toll-like receptor (TLR) 4 polymorphisms
are associated with a chronic course of
sarcoidosis. Clin Exp Immunol 2006;143:
420-426.

Schroder NW, Meister D, Wolff V ez al.
Chronic periodontal disease is associated
with single-nucleotide polymorphisms of
the human TLR-4 gene. Genes Immun 2005;
6:448-451.

Fukusaki T, Ohara N, Hara Y, Yoshi-
mura A, Yoshiura K. Evidence for
association between a Toll-like receptor
4 gene polymorphism and moderate/
severe periodontitis in the Japanese
population. J Periodontal Res 2007;42:
541-545.

Folwaczny M, Glas J, Torok HP, Lim-
bersky O, Folwaczny C. Toll-like receptor
(TLR) 2 and 4 mutations in periodontal

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Pattern recognition receptor polymorphisms in periodontitis

disease. Clin Exp Immunol 2004;135:330—
335.

. Laine ML, Morre SA, Murillo LS, van

Winkelhoff AJ, Pena AS. CDI4 and
TLR4 gene polymorphisms in adult peri-
odontitis. J Dent Res 2005;84:1042-1046.
James JA, Poulton KV, Haworth SE et al.
Polymorphisms of TLR4 but not CD14
are associated with a decreased risk of
aggressive periodontitis. J Clin Periodontol
2007;34:111-117.

Kinane DF, Shiba H, Stathopoulou PG
et al. Gingival epithelial cells heterozy-
gous for Toll-like receptor 4 polymor-
phisms Asp299Gly and Thr399ile are
hypo-responsive to Porphyromonas gin-
givalis. Genes Immun 2006;7:190-200.
Ozturk A, Vieira AR. TLR4 as a risk
factor for periodontal disease: a reap-
praisal. J Clin  Periodontol 2009;36:
279-286.

Akashi-Takamura S, Miyake K. TLR
accessory molecules. Curr Opin Immunol
2008;20:420-425.

Cleveland MG, Gorham JD, Murphy TL,
Tuomanen E, Murphy KM. Lipoteichoic
acid preparations of gram-positive bacte-
ria induce interleukin-12 through a CD14-
dependent  pathway. Infect  Immun
1996;64:1906-1912.

LeVan TD, Bloom JW, Bailey TJ ez al. A
common single nucleotide polymorphism
in the CDI4 promoter decreases the
affinity of Sp protein binding and en-
hances transcriptional activity. J Immunol
2001;167:5838-5844.

Vainas T, Stassen FR, Bruggeman CA
et al. Synergistic effect of Toll-like recep-
tor 4 and CD14 polymorphisms on the
total atherosclerosis burden in patients
with peripheral arterial disease. J Vasc
Surg 2006;44:326-332.

Smit LA, Bongers SI, Ruven HIJ et al.
Atopy and new-onset asthma in young
Danish farmers and CD14, TLR2, and
TLR4 genetic polymorphisms: a nested
case-control study. Clin Exp Allergy
2007;37:1602—-1608.

Donati M, Berglundh T, Hytonen AM,
Hahn-Zoric M, Hanson LA, Padyukov L.
Association of the -159 CD14 gene poly-
morphism and lack of association of
the -308 TNFA and Q551R IL-4RA
polymorphisms ~ with severe chronic
periodontitis in Swedish Caucasians.
J Clin Periodontol 2005;32:474-479.
Folwaczny M, Glas J, Torok HP, Fricke
K, Folwaczny C. The CD14 -159C-to-T
promoter polymorphism in periodontal
disease. J Clin Periodontol 2004;31:991—
99s.

Yamazaki K, Ueki-Maruyama K, Oda T
et al. Single-nucleotide polymorphism in
the CD14 promoter and periodontal dis-
ease expression in a Japanese population.
J Dent Res 2003;82:612-616.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

191

Tervonen T, Raunio T, Knuuttila M,
Karttunen R. Polymorphisms in the CD14
and IL-6 genes associated with period-

ontal disease. J Clin  Periodontol
2007;34:377-383.
Holla LI, Buckova D, Fassmann A,

Halabala T, Vasku A, Vacha J. Promoter
polymorphisms in the CD14 receptor gene
and their potential association with the
severity of chronic periodontitis. J Med
Genet 2002;39:844-848.

Raunio T, Knuuttila M, Karttunen R,
Vainio O, Tervonen T. Serum sCDI14,
polymorphism of CD14(-260) and perio-
dontal infection. Oral Dis 2009;15:484—
489.

Nicu EA, Laine ML, Morre SA, Van der
Velden U, Loos BG. Soluble CDI14 in
periodontitis. Innate Immun 2009;15:121—
128.

Hajishengallis G, Wang M, Harokopakis
E, Triantafilou M, Triantafilou K. Por-
phyromonas gingivalis fimbriaec proac-
tively modulate beta2 integrin adhesive
activity and promote binding to and
internalization by macrophages. Infect
Immun 2006;74:5658-5666.

Darveau RP, Pham TT, Lemley K et al.
Porphyromonas gingivalis lipopolysac-
charide contains multiple lipid A species
that functionally interact with both toll-
like receptors 2 and 4. Infect Immun
2004;72:5041-5051.

Onishi S, Honma K, Liang S et al. Toll-
like receptor 2-mediated interleukin-8
expression in gingival epithelial cells by
the Tannerella forsythia leucine-rich
repeat protein BspA. Infect
2008;76:198-205.

Kutukculer N, Yeniay BS, Aksu G,
Berdeli A. Arg753GIn polymorphism of
the human toll-like receptor-2 gene in
children with recurrent febrile infections.
Biochem Genet 2007;45:507-514.

Berdeli A, Celik HA, Ozyurek R, Dogru-
soz B, Aydin HH. TLR-2 gene Arg753GIn
polymorphism is strongly associated with
acute rheumatic fever in children. J Mol
Med 2005;83:535-541.

Ogus AC, Yoldas B, Ozdemir T et al.
The Arg753GLn polymorphism of the
human toll-like receptor 2 gene in
tuberculosis disease. Eur Respir J 2004;
23:219-223.

Krediet TG, Wiertsema SP, Vossers MJ
et al. Toll-like receptor 2 polymorphism is
associated with preterm birth. Pediatr Res
2007;62:474-476.

Tsui FW, Xi N, Rohekar S et al. Toll-like
receptor 2 variants are associated with
acute reactive arthritis. Arthritis Rheum
2008;58:3436-3438.

Imamura Y, Fujigaki Y, Oomori Y, Kuno
T, Ota N, Wang PL. Polymorphism of
genes encoding toll-like receptors and
inflammatory cytokines in periodontal

Immun



192  Esra Sahingur et al.

44,

45.

46.

47.

48.

49.

50.

51.

disease in the Japanese population. J Int
Acad Periodontol 2008;10:95-102.

Akira S. Innate immunity to pathogens:
diversity in receptors for microbial recog-
nition. Immunol Rev 2009;227:5-8.
Nonnenmacher C, Dalpke A, Zimmer-
mann S, Flores-De-Jacoby L, Mutters R,
Heeg K. DNA from periodontopatho-
genic bacteria is immunostimulatory for
mouse and human immune cells. Infect
Immun 2003;71:850-856.

Sahingur SE, Xia XJ, Alamgir S, Honma
K, Sharma A, Schenkein HA. DNA from
Porphyromonas gingivalis and Tannerella
forsythia induce cytokine production in
human monocytic cell lines. Mol Oral
Microbiol 2010;25:123-135.

Kajita K, Honda T, Amanuma R et al.
Quantitative messenger RNA expression
of Toll-like receptors and interferon-al-
phal in gingivitis and periodontitis. Oral
Microbiol Immunol 2007;22:398-402.
Beklen A, Hukkanen M, Richardson R,
Konttinen YT. Immunohistochemical
localization of Toll-like receptors 1-10 in
periodontitis.  Oral Microbiol Immunol
2008;23:425-431.

Hamann L, Glaeser C, Hamprecht A,
Gross M, Gomma A, Schumann RR.
Toll-like receptor (TLR)-9 promotor
polymorphisms and atherosclerosis. Clin
Chim Acta 2006;364:303-307.

Lazarus R, Klimecki WT, Raby BA et al.
Single-nucleotide polymorphisms in the
Toll-like receptor 9 gene (TLRY): fre-
quencies, pairwise linkage disequilibrium,
and haplotypes in three U.S. ethnic groups
and exploratory case-control disease asso-
ciation studies. Genomics 2003;81:85-91.
Torok HP, Glas J, Tonenchi L, Bruennler
G, Folwaczny M, Folwaczny C. Crohn’s
disease is associated with a toll-like

52.

53.

54.

55.

56.

57.

58.

59.

receptor-9 polymorphism. Gastroenterol-
ogy 2004;127:365-366.

Torok HP, Glas J, Endres I ez al. Epistasis
between Toll-like receptor-9 polymor-
phisms and variants in NOD2 and TL23R
modulates susceptibility to Crohn’s disease.
Am J Gastroenterol 2009;104:1723-1733.
Novak N, Yu CF, Bussmann C et al.
Putative association of a TLR9 promoter
polymorphism  with atopic eczema.
Allergy 2007;62:766-772.

Velez DR, Wejse C, Stryjewski ME et al.
Variants in toll-like receptors 2 and 9
influence susceptibility to pulmonary
tuberculosis in  Caucasians, African-
Americans, and West Africans. Hum
Genet 2010;127:65-73.

Davis SM, Clark EA, Nelson LT, Silver
RM. The association of innate immune
response gene polymorphisms and puer-
peral group A streptococcal sepsis. Am
J Obstet Gynecol 2010;202:308 ¢301-308.
Mollaki V, Georgiadis T, Tassidou A
et al. Polymorphisms and haplotypes in
TLR9 and MYD88 are associated with the
development of Hodgkin’s lymphoma: a
candidate-gene association study. J Hum
Genet 2009;54:655-659.

Tao K, Fujii M, Tsukumo S et al. Genetic
variations of Toll-like receptor 9 predis-
pose to systemic lupus erythematosus in
Japanese population. Ann  Rheum Dis
2007;66:905-909.

Holla LI, Vokurka J, Hrdlickova B,
Augustin P, Fassmann A. Association of
Toll-like receptor 9 haplotypes with
chronic periodontitis in Czech population.
J Clin Periodontol 2009;37:152-159.
Hong J, Leung E, Fraser AG, Merriman
TR, Vishnu P, Krissansen GW. TLR2,
TLR4 and TLRY polymorphisms and
Crohn’s disease in a New Zealand Cau-

60.

61.

62.

63.

64.

65.

66.

67.

casian cohort. J Gastroenterol Hepatol
2007;22:1760-1766.

Baldini M, Lohman IC, Halonen M,
Erickson RP, Holt PG, Martinez FD. A
Polymorphism* in the 5* flanking region
of the CD14 gene is associated with cir-
culating soluble CD14 levels and with to-
tal serum immunoglobulin E. Am J Respir
Cell Mol Biol 1999;20:976-983.

Jin L, Darveau RP. Soluble CD14 levels in
gingival crevicular fluid of subjects with
untreated adult periodontitis. J Periodon-
tol 2001;72:634-640.

Jin L, Ren L, Leung WK, Darveau RP.
The in vivo expression of membrane-
bound CDI4 in periodontal health
and disease. J Periodontol 2004;75:578—
585.

Buduneli N, Bicakci N, Keskinoglu A.
Flow-cytometric analysis of lymphocyte
subsets and mCD14 expression in patients
with various periodontitis categories.
J Clin Periodontol 2001;28:419-424.
Schulz S, Zissler N, Altermann W et al.
Impact of genetic variants of CDI4
and TLR4 on subgingival periodonto-
pathogens. [Int 2008;
35:457-464.

De Nardo D, De Nardo CM, Nguyen T,
Hamilton JA, Scholz GM. Signaling
crosstalk during sequential TLR4 and
TLRY activation amplifies the inflamma-
tory response of mouse macrophages.
J Immunol 2009;183:8110-8118.
Hajishengallis G, Lambris JD. Crosstalk
pathways between Toll-like receptors and
the complement system. Trends Immunol
2010;31:154-163.

O’Neill LA. When signaling pathways
collide: positive and negative regulation of
toll-like receptor signal transduction.
Immunity 2008;29:12-20.

J  Immunogenet



This document is a scanned copy of a printed document. No warranty is given about the accuracy of the copy.
Users should refer to the original published version of the material.



