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Evidence for association
between a Toll-like receptor
4 gene polymorphism and
moderate/severe
periodontitis in the
Japanese population
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Background and Objective: Chronic periodontitis is an inflammatory disease
caused by bacteria in subgingival pockets. Because Toll-like receptor 2 and Toll-
like receptor 4 have been shown to play an important role in the recognition of
periodontal pathogens, we investigated the relevance of genetic variations in 7LR2
and TLR4 to susceptibility to periodontitis.

Material and Methods: A total of 97 patients with chronic periodontitis and 100
control subjects were examined for mutations in 7LR2 and TLR4. Case-control
analysis was performed using individual single nucleotide polymorphisms detected
during the mutation search.

Results: The missense mutations reported previously in TLR2 (677 Arg>Trp and
753 Arg> Gln) and in TLR4 (299 Asp > Gly and 399 Thr > Ile) were not detected
in 97 of the Japanese patients with chronic periodontitis or in 100 of the Japanese
control subjects. Nine single nucleotide polymorphisms were identified in exons of
TLR2 and TLR4. The case-control analysis revealed that the frequency of the C/C
genotype at base-pair position + 3725 in TLR4 was significantly higher in both the
moderate and the severe periodontitis patient group than in the control group.

Conclusion: A genetic variation of TLR4 might be associated with moderate and
severe periodontitis in the Japanese population.

© 2007 The Authors.
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Chronic periodontitis is an inflamma-
tory disease caused by bacterial col-
onization in the subgingival area (1).
The bacteria and their cell wall com-

Toll-like receptor 2 and Toll-like
receptor 4 are two principal pattern-
recognition receptors dedicated to the
recognition of bacterial cell wall com-

ponents can trigger activation of the
host immune system through pattern-
recognition receptors to induce
inflammatory mediators, leading to the
destruction of periodontal tissue.

ponents, such as lipoproteins and lipo-
polysaccharides (2,3). We previously
demonstrated that Toll-like receptor 2
and Toll-like receptor 4 are involved in
the recognition of periodontopathic

bacteria, such as Porphyromonas gingi-
valis, Actinobacillus — actinomycetem-
comitans and Fusobacterium nucleatum
(4), and that the expression of those two
receptors is augmented in connective
tissue subjacent to the periodontal epi-
thelium in patients with severe perio-
dontitis (5). These findings suggest that
Toll-like receptor 2 and Toll-like
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receptor 4 may be involved in the
pathogenesis of periodontal diseases.

It has been reported that two mis-
sense mutations in 7LR4 (D299G and
T3991) are associated with endotoxin
hyporesponsiveness. The allele fre-
quency of the D299G mutation was
demonstrated to be 3-8% in European
and American populations, and these
mutations were associated with a blun-
ted response of the subjects to inhaled
lipopolysaccharide (6). Two missense
mutations in 7LR2 (R677W and
R753Q) were later identified (7,8). Al-
though the R753Q mutation occurred in
~ 3% of healthy subjects, the mutation
was detected at a higher frequency (9%)
in patients with gram-positive septic
shock in France and was associated with
a significantly reduced response to bac-
terial lipoprotein. The R677W mutation
was detected in 10 of 45 lepromatous
leprosy patients in Korea, but not found
in 41 tuberculoid leprosy patients or in
45 healthy controls.

Recently, the association between
these four mutations and periodontitis
has been investigated. Folwaczny et al.
found no association between chronic
periodontitis and the missense muta-
tions in TLR2 and TLR4 (9), and
Laine et al. also demonstrated that the
missense mutations in 7LR4 were not
associated with severe periodontitis
(10). On the other hand, Schroder
et al. reported a positive association
between periodontitis and the missense
mutations in 7LR4 (11). They reported
that patients suffering from chronic
periodontitis showed a higher fre-
quency of the missense mutations
(D299G/T399]) than controls, and that
the genotypes with D299G or T3991
were found exclusively in patients,
whereas no difference was observed
for TLR2 (11). Brett et al. reported,
conversely, that the TL R4 T399I minor
allele was more frequent in controls
than in patients with aggressive and
chronic periodontitis (12). These com-
plicated results might be explained by
differences between populations.

The aim of this study was to deter-
mine whether these polymorphisms
have any association with periodontitis
in the Japanese population. We were
unable to detect any of these four
missense mutations in TLR2/TLR4 in

Table 1. Classification of periodontitis patients and controls

Classification of periodontitis

Controls Mild Moderate Severe
Bone loss >50% - - < 3 teeth > 4 teeth
No. of subjects 100 16 65 16
Maximum PPD 2.95 £ 0.22 4.13 £ 0.50 6.15 £ 0.71 10.50 £ 1.46
(mm) (» < 0.01) (» < 0.001) (p < 0.001)

Periodontitis patients were assigned to one of three groups of disease severity on the basis of

the above criteria.

p-values were calculated in comparison to the control group.

PPD, probing pocket depth.

197 Japanese subjects. Therefore, we
attempted to identify single nucleotide
polymorphisms in TLR2 and TLR4 in
Japanese periodontitis patients, and we
performed association analysis, using
single nucleotide polymorphisms in
TLR2/TLR4, to periodontitis. We
show here the association between one
single nucleotide polymorphism in
TLR4 and severe/moderate periodon-
titis in Japanese subjects.

Material and methods

Subjects

Patients with chronic periodontitis (59
women and 38 men) and healthy sub-
jects (53 women and 47 men), who vis-
ited Nagasaki University Hospital, were
enrolled in this study. All of the subjects
were Japanese, resided in or around
Nagasaki, and had more than 20 teeth.
Individuals with malignant diseases,
immunodeficiencies, pregnancy, diabe-
tes mellitus, or who had infectious
diseases, such as acquired immune-
deficiency syndrome or adult T-cell
leukemia, were excluded. The mean age
of the patients was 60 years (range:
36-83 years) and that of the control
population was 46 years (range:
25-75 years). The subjects were
screened by full-mouth radiographic
assessment and periodontal exami-
nations. Subjects who had neither
alveolar bone loss of > 25%, nor peri-
odontal attachment loss of > 3 mm at
any sites, were classified into the control
group. Subjects who had alveolar bone
loss of > 25%, or periodontal attach-
ment loss of > 3 mm in at least at one
site, were classified into the chronic
periodontitis  group.  Periodontitis
patients were further classified into

three groups on the basis of the criteria
of disease severity described in Table 1.
To make a comparison with a group in
the same age range, periodontitis pa-
tients were classified into two groups.
Patients who were < 60 years of age
were categorized into the younger peri-
odontitis patient group, and patients
> 060 years of age were categorized into
the older periodontitis patient group.
The mean age of the younger period-
ontitis patients was 49 years and that of
the older periodontitis patients was
70 years. There was no significant dif-
ference between the ages of the younger
periodontitis patients and those of the
control subjects. Written informed
consent was obtained from all of the
participants in this study.

Detection of missense mutations in
TLR2 (R677W and R753Q) and TLR4
(D299G and T399I)

DNA was extracted from peripheral
blood leukocytes by the phenol-chlo-
roform method and harvested by eth-
anol precipitation. Genotyping of
TLR2 (R677W and R753Q) and TLR4
(D299G and T3991) was accomplished
with the polymerase chain reaction
(PCR) and restriction enzyme diges-
tion, following the procedures des-
cribed by Schroder ef al. (13) and
Lorenz et al. (14), respectively.

Determination of polymorphisms/
mutations in TLR2 and TLR4

In order to identify single nucleotide
polymorphisms peculiar to the Japan-
ese patient group, we performed direct
sequencing of all the exons and introns
of TLR2 and TLR4 (15) in 16 patients
with severe periodontitis. PCR ampli-



fication was performed at various
annealing temperatures using Takara
ExTag™. PCR  products
sequenced using a Big Dye Terminator
Cycle Sequencing Ready Reaction Kit
v3.1 (Applied Biosystems, Foster City,
CA, USA) and run on an ABI 3100
automated sequencer (Applied Biosys-
tems). Sequencing electropherograms
were aligned by ATGC software, version
3.0 (Genetyx, Tokyo, Japan), and base
alterations were inspected visually.

were

Statistical calculation for the
case-control study

As a result of single nucleotide poly-
morphism/mutation  detection, we
found five single nucleotide polymor-
phisms in TLR2 and four single nuc-
leotide polymorphisms in TLR4. Next,
we performed genotyping of all of
those single nucleotide polymorphisms
in the remaining 81 patients and 100
controls. Individual single nucleotide
polymorphisms were tested for Hardy—
Weinberg distribution and linkage
disequilibrium using SNPALYZE soft-
ware (Dynacom, Yokohama, Japan).
Case-control analysis was performed at
individual single nucleotide polymor-
phisms using SNPALYZE software. The
values of D’ and r* were calculated and
referred for haplotype analysis.

Results

We failed to identify any of the repor-
ted mutations — R677W and R753Q in
TLR2 and D299G and T3991 in TLR4
— in 197 Japanese subjects, comprising
97 patients with periodontitis and 100
healthy controls.

To examine an association between
TLR2/TLR4 and periodontitis, we
needed to find single nucleotide poly-
morphisms in 7LR2 and TLR4.
Therefore, we decided to perform
direct sequencing of TLR2 and TLR4
in 16 of the patients with severe perio-
dontitis in the present study. Three
point mutations in the 5’-untranslated
region, and two synonymous muta-
tions in the coding region of TLR2,
were identified at base-pair positions
—183, 148, —-146, +1350 (corres-
ponding to rs3804100) and +2343
(corresponding to 1s5743709). Four

TLR2 and TLR4 mutations in periodontitis

point mutations were identified in the
3’-untranslated region of TLR4 at
base-pair positions +3528, +3725
(corresponding to rs11536889), + 4022
and +4529 bp (Table 2). None of the
mutations resulted in amino acid sub-
stitution. Seven of the nine single nuc-
leotide polymorphisms were present at
a frequency of <2% in patients and
therefore would provide only a low
power of association, but we per-
formed association analysis using all
of the nine single nucleotide poly-
morphisms. The case-control analy-
sis revealed a significant difference
between the genotype frequency of the
mutation at base-pair position + 3725
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in TLR4 of the patient group with that
of the control group (p = 0.043)
(Table 3). There was no significant
difference between the frequencies of
the other eight single nucleotide poly-
morphisms. Next, the genotype fre-
quency at base-pair position + 3725 in
TLR4 of the control group was com-
pared with the genotype frequencies in
the groups of patients with mild,
moderate and severe periodontitis.
There was no significant difference be-
tween the control group and the mild
periodontitis patient group, but signi-
ficant differences were found between
the control group and the moderate/
severe periodontitis patient groups, as

Table 2. Minor allele frequencies of single nucleotide polymorphisms in TLR2 and TLR4

genes

Minor allele

Nucleotide change frequency
Gene and SNP SNP ID in in major/minor
position NCBI alleles Controls Patients HWE
TLR2
—-183 4 A/G 0 0.0053
—-148 b C/T 0 0.0053
—-146 4 T/G 0 0.0053 p > 0.05
+1350 rs3804100 T/C 0.2447 0.1684
+2343 15743709 G/A 0 0.0156
TLR4
+3528 4 C/G 0 0.0105 p > 0.05
+3725 rs11536889  G/C 0.1414 0.1959
+4022 4 C/G 0 0.0053
+4529 N G/C 0.0104 0.0053

“Novel single nucleotide polymorphism (SNP).

HWE, p-value of the Hardy—Weinberg equilibrium test in the control population. (The
Hardy—Weinberg equilibrium test was performed for only two single nucleotide polymor-
phisms because minor allele frequencies of other single nucleotide polymorphisms were
< 0.05.); ID, identity; NCBI, National Center for Biotechnology Information.

Table 3. Case-control analysis using single nucleotide polymorphisms in TLR2 and TLR4

genes

Genotype frequency (%)

Controls Patients
Gene and SNP
position MM Mm mm MM Mm mm p-value
TLR2
-183 93 (100) 0 (0) 0(0) 90 (99) 1(1) 0 (0) 0.311
—-148 93 (100) 0 (0) 0(0) 90 (99) 1 (1) 0 (0) 0.311
—146 93 (100) 0 (0) 0(0) 90 (99) 1(1) 0 (0) 0.311
+1350 56 (60) 30(32) 8(8) 66(72) 21(23) 5(5) 0.214
+2343 100 (100) 0 (0) 0(0) 93097 3(3) 0 (0) 0.082
TLR4
+3528 97 (100) 0 (0) 0(0) 93(93) 2(2) 0 (0) 0.151
+3725 73 (74) 24 (24) 2(2) 69(71) 18(19) 10(10)  0.043
+4022 92 (100) 0 (0) 0(0) 9299 1(1) 0 (0) 0.319
+4529 94 (98) 2(2) 0(0) 93(99) 1 (1) 0 (0) 0.573

SNP, single nucleotide polymorphism.
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a recessive effect (p = 0.016 for the
moderate periodontitis patient group
and p = 0.034 for the severe perio-
dontitis patient group) (Table 4). No

significant  difference was found
between the control group and the
mild/moderate/severe periodontitis

patient groups regarding the frequen-
cies of the other eight single nucleotide
polymorphisms in TLR2 and TLRA4.

Because the mean age of the control
group was significantly younger than
that of the patient group, we classified
the patients into two groups, according
to their ages, to enable comparison
with the group in the same age range.
The frequency of the ‘C/C’ genotype at
the + 3725 base-pair position in TLR4
in the group of younger periodontitis
patients was significantly higher than
that in the control group (p = 0.022),
whereas no significant difference was
found between subjects in the older
periodontitis patient group and the
control group (Table 5).

Discussion

The missense mutations, reported pre-
viously, in TLR2 (R677W and R753Q)
and TLR4 (D299G and T3991), were

not found in the present study (6-8).
These results are consistent with the
report that the D299G mutation in
TLR4is not present in the Japanese (16)
and Chinese populations (17). Because
three of the four missense mutations
(R753Q in TLR2, and D299G and
T399I in TLR4) were reported only in
European and American populations,
the reason why our present results are
inconsistent with previous reports
might come from the differences be-
tween populations. Although R677W
in TLR2 was identified in Korean lep-
romatous leprosy patients, it was not
detected in 286 Indian lepromatous
leprosy patients (18). It was suggested
that the R677W mutation might come
from the variation in the duplicated
region with 93% homology to TLR2
exon 3 located at =23 kb 5’-position to
the functional TLR2 gene (18). Because
the primers we used in this study were
designed specifically for the functional
TLR2 gene, our results are definitive.
Although there are conflicting results in
the literature regarding the association
between those four missense mutations
and the susceptibility to periodontitis
(9-12), it is difficult to use those four
missense mutations to confirm the

Table 4. TLR4 +3725 (rs11536889) genotype frequencies in periodontitis patients (mild,

moderate, severe) and control subjects

Genotype
SNP ID Subjects GG (%) GC (%) CC (%) p-value
Mild 9 (63) 6 (32) 1(5 P1 =0.325
P2 =0.151
Moderate 47 (71) 11 (18) 7 (11) P1 =0.016
rs11536889 P2 =0.840
Severe 13 (81) 1 (6) 2 (13) P1 =0.034
P2 =0.521
Control 73 (74) 24 (24) 2(2)

ID, identity; SNP, single nucleotide polymorphism.
P1: p-value considered as the C allele having a recessive effect (GG + GC vs. CC).
P2: p-value considered as the C allele having a dominant effect (GG vs. GC + CC).

Table 5. TLR4 +3725 (rs11536889) genotype frequencies in the younger periodontitis
patient group (< 60 years of age) and in the older periodontitis patient group (= 60 years

of age)

Genotype
Age-group GG (%) GC (%) CC (%) p-value
Younger 32 (70) 8 (17) 6 (13) 0.022
Older 37 (72) 10 (20) 4 (8) 0.204

p-values were calculated in comparison to the control group.

association between periodontitis and
TLR2/TLR4 in the Japanese popula-
tion because those missense mutations
are very rare in Japanese subjects.

We searched for single nucleotide
polymorphisms around exons in
TLR2/TLR4 because it is possible that
other single nucleotide polymorphisms,
previously reported, are associated
with periodontitis in Japanese subjects.
We found nine single nucleotide poly-
morphisms in the exons of TLR2 and
TLR4 in the present study; however,
none resulted in amino acid substitu-
tion. A missense mutation(s) in TLR2/
TLR4 would probably not be found as
a common variation in Japanese perio-
dontitis patients. It is possible that
periodontitis is based on many rare
variants, although we did not perform
a mutation search in TLR2/TLR4 in all
of the patients. Smirnova et al. repor-
ted that 11 rare missense mutations in
TLR4 were found in 197 meningococ-
cal patients, but that only one rare
missense mutation was identified in 127
controls in the UK (19). This is an
example that is consistent with the
hypothesis that many rare variants are
related to common diseases.

We found that the TLR4
+3725G > C mutation was associated
with the whole periodontitis group,
and a significant association was also
found between the control group and
the moderate/severe  periodontitis
patient groups. Although the mean age
of the control group was lower than
that of the patient group, the ‘C/C’
genotype was observed more fre-
quently in the younger periodontitis
patient group than in the control
group. The positive results from the
whole case-control study, and the
comparison between the age-matched
groups, strongly suggest that the TLR4
+3725G>C mutation is associated
with periodontitis. We did not perform
a haplotype association study because
the single nucleotide polymorphisms
used in this study showed no evidence
of linkage disequilibrium (data not
shown) with each other. In our next
research step, we need to perform a
mutation search for other base changes
within the genomic region, including
TLR4. Such a study will uncover the
single nucleotide polymorphisms in



linkage disequilibrium with +3725G
>C of the TLR4 gene or the disease-
associated haplotype within the 7LR4
gene. Considering that the progression
of periodontitis is affected by multiple
factors, such as oral hygiene and the
deposition of calculus, a genetic influ-
ence may not be sufficient to distin-
guish the mild periodontitis group
from the control group. Age is also
known to be a putative risk factor for
periodontitis (20), and older patients,
with a relatively low-genetic back-
ground of mutations, might be suffer-
ing from periodontitis. Those factors
may account for the lack of statistical
difference between the control group
and the mild periodontitis group, and
between the control group and the
older periodontitis group.

Because the +3725G>C mutation
is located in the 3’-untranslated region
of TLR4, it does not have any direct
influence on the conformation of the
Toll-like receptor 4 protein molecule,
according to our present biological
knowledge. However, because single
nucleotide polymorphisms in introns
and/or untranslated regions may
influence transcription and/or transla-
tion (21-24), the +3725G>C muta-
tion might have a direct effect on
mRNA stability or translation effi-
ciency. Antisense transcripts might
be important for regulating 7TLR4
transcription. The reported disease-
associated single nucleotide polymor-
phisms or haplotypes are not always
found in coding regions in ‘common
diseases’ (25,26). The functional assay
of disease association with single
nucleotide polymorphisms in introns
is the next point requiring investiga-
tion. In view of the importance of the
Toll-like receptor 4 in the pathogene-
sis of periodontal diseases, the biolo-
gical significance of genetic variation,
including transcription efficiency of
the mutated gene, needs to be eluci-
dated.
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