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Abstract

Aim: The indispensable role of interleukin-6 receptor (IL-6R) in regulating IL-6
responses has been clearly established. We have previously reported that /L6R
polymorphisms strongly influenced the serum levels of soluble IL-6R. In this study, we
investigated the association between these genetic variations and periodontitis.
Material and Methods: Among the seven novel IL6R single-nucleotide
polymorphisms (SNPs) reported, we genotyped two important sites: the +48892 A/C
in exon 9 and the — 183 G/A in the promoter region. The SNP in exon 9 results in
Asp — Ala substitution in the proteolytic cleavage site of IL-6Ra. In total, 212
periodontitis cases and 210 healthy controls were genotyped using polymerase chain
reaction, restriction fragment length polymorphisms and direct sequencing methods.
Results: Analysis of the genotype distribution of the +48892 A/C SNP in
periodontitis patients and in controls revealed a suggestive association with aggressive
(p =0.04) and chronic periodontitis (p = 0.04). In addition, the carriage rate for the
A allele was significantly higher in chronic periodontitis patients [ p = 0.02, odds ratio
(OR) = 2.25]. No association was found in the — 183 G/A SNP. The two markers were
in linkage disequilibrium (LD) (ID'I = 0.53).

Conclusion: The IL6R +48892 A/C polymorphism could act as a risk factor for
periodontitis; however, further association and biological studies are needed.
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The important biological activities of
interleukin-6 (IL-6) have been proven
over the past decades (Kishimoto 2005).
IL-6 exerts its biological effects via
specific receptors expressed on the sur-
face of target cells (Kishimoto 1992).
Initially, IL-6 binds to an 80 kDa glyco-
protein, the membrane-bound IL-6
receptor (IL-6Ro), forming an IL-6/IL-
6Ro complex. This complex associates
with a signal transducer, a 130kDa
glycoprotein called gp130. This high-
affinity binding results in cellular acti-
vation. The main signalling pathway is
JAK/STAT (Heinrich et al. 1998). Poly-
morphisms in /L6 served as protective
or susceptibility factors for periodontitis
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and were associated with serum levels
of IL-6 (Trevilatto et al. 2003, D’ Aiuto
et al. 2004, Holla et al. 2004, Brett et al.
2005, Komatsu et al. 2005).

Genes that encode IL-6Rx were
located on chromosomes 1g21 and 9,
although the gene on chromosome 9 was
found out to be a pseudogene (Szpirer et
al. 1991, Snyder et al. 1995). While
gpl30 is widely expressed in almost
all organs of the body, the cellular
distribution of IL-6Ra is largely limited
to hepatocytes and leucocyte subsets
(Jones et al. 2001, Jones & Rose-John
2002). For this reason, cells that do not
express the membrane-bound form of
IL-6R depend on the soluble form of IL-

6 receptor (sIL-6R) to elicit IL-6
responses in cells (Romano et al. 1997).

Two mechanisms are involved in the
generation of sIL-6R. The first mechan-
ism consists of proteolytic cleavage or
shedding of the membrane-bound form,
and the second mechanism, which
represents a small fraction of the total
sIL-6R present in the human serum,
consists of alternative mRNA splicing,
resulting in a transcript encoding a
soluble receptor (Lust et al. 1992, Miill-
berg et al. 1993, Horiuchi et al. 1998).
The cleavage site was determined at one
major location (GIn357/Asp358) close
to the transmembrane region of the
protein (Miillberg et al. 1994). Shedding
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may be enhanced by bacterial pore-
forming toxins, phorbol ester, formyl
peptide and others (Miillberg et al.
1993, Walev et al. 1996, Modur et al.
1997). On the other hand, high-level
production of an alternatively spliced
soluble interleukin-6 receptor was
detected in the serum of patients with
adult T cell leukaemia/HTLV-I-asso-
ciated myelopathy (Horiuchi et al.
1998).

Membrane-bound IL-6Rd from lym-
phocyte infiltration into periodontal tis-
sues were thought to be the source of
large amounts of sIL-6R in inflamed
gingival tissue from chronic perio-
dontitis patients (Naruishi et al. 2001,
Takashiba et al. 2003). The sIL-6R was
found to be agonistic to IL-6 responses
by cells, resulting in impaired gingival
fibroblast adherence (Naruishi et al.
2001). It also triggered osteoclast for-
mation by IL-6 and induced bone
resorption (Ishimi et al. 1990, Tamura
et al. 1993). However, studies have
shown that the combination of sIL-6R
and soluble gp130 (sgpl30) led to a
drastic reduction of the IL-6 responses,
confirming the antagonistic activity of
sIL-6R in the presence of the ubiquitous
sgp130 (Miiller-Newen et al. 1998).

Recently, we reported that the single-
nucleotide polymorphisms (SNPs) in
IL6 were associated with increased ser-
um levels of sIL-6R (Galicia et al.
2004). As with the previous study, two
of the seven polymorphisms described
by Kim et al. (2003) in the Korean
population were also genotyped this
time: the — 183 G/A in the promoter
region and the +48,892 A/C in exon 9.
The second locus corresponds to the
proteolytic cleavage site of IL-6Ra and
was linked to obesity and type 2 dia-
betes mellitus (Wolford et al. 2003,
Hamid et al. 2004, Wang et al. 2005).
In this paper, we studied the role of IL-
6R gene polymorphisms in both aggres-
sive (AgP) and chronic periodontitis
(CP) in a Japanese population.

Material and Methods
Study population

Potential participants who were referred
for treatment or routine check-up to the
Periodontology Department of the Nii-
gata University Medical and Dental
Hospital were recruited and then inter-
viewed. Those who fell under any one of
the following criteria were excluded: (1)
systemic illness, pregnancy or recent
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Table 1. Characteristics of periodontitis patients and control groups studied

Characteristics CP (n=169)

Healthy controls
for CP (n ="170)

AgP (n=43) Healthy controls

for AgP (n = 140)

Age (years) 55 4+ 10.0 (37-76)

Gender 41 26
(male in %)

mPPD (mm)* 3.0+ 1.2 20+04
mPAL (mm)* 4.0 £ 1.5 22+04
mBL (%) 32 + 13.1 11.6 £ 2.1
%BL =50%" 18 +19.9 0.0 + 0.28

54 +£9.9 (34-77) 32 £ 3.0 (25-35) 25+ 3.0 (22-34)

44 47
4.0+ 1.1 1.9 £0.31
50+ 1.3 1.9 £ 0.31
43 +£12.8 -
40 £22.7 -

*Significantly different compared with controls (p>0.001, Mann-Whitney U-test).

"Not measured in AgP controls.
Values represent the mean £ standard deviation.

mPPD, mean probing pocket depth; mPAL, mean probing attachment level; mBL, mean bone loss;
%BL =50, percentage of sites with bone loss equal to or more than 50%.

medication; (2) previous history of
periodontal surgery or periodontal ther-
apy in the past 6 months; (3) less than 20
natural teeth present; (4) a history of
smoking; and (5) non-Japanese descent.
A total of 422 subjects aged 2277 years
were finally selected to participate in
this study. A description of the subjects
is presented in Table 1. All procedures
were performed in accordance with the
Helsinki protocol and with the guide-
lines set by the Niigata University Ethi-
cal Committee. The nature and
objectives of the study were carefully
explained to each participant and an
informed consent was obtained.

Clinical assessments

All subjects were evaluated clinically
and radiographically at a first visit to
assess the following periodontal para-
meters: number of teeth, probing pocket
depth (PPD), clinical attachment level
(CAL), bleeding on probing (BOP),
alveolar bone loss (BL), plaque index
(PII) and gingival index (GI). Six sites
were examined on each tooth: mesio-
buccal, buccal, disto-buccal, disto-lin-
gual, lingual and mesio-lingual. Several
calibrated examiners took the measure-
ments and recorded the results. Full-
mouth radiographs were also evaluated
to examine alveolar bone levels (BL) on
the mesial and distal aspect of the tooth.
BL was measured from the cemento-
enamel junction to the root apex at an
arbitrary point on a radiograph, and
expressed as a percentage of the total
root length (Schei et al. 1959).
Selection of periodontitis cases was
carried out according to the criteria set
by the European Federation of Perio-
dontology (Tonetti & Claffey 2005).
In brief, periodontitis patients were
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grouped according to the two proposed
threshold levels: patients with proximal
attachment loss of >3 mm in >2 non-
adjacent teeth (inclusive of incipient
cases), and patients with proximal
attachment loss of =5mm in >30%
of teeth present (with substantial extent
and severity). Controls were healthy,
age-matched individuals who did not
conform to the criteria mentioned.
Aggressive periodontitis patients were
identified based on the clinical and
radiographic criteria proposed by the
1999 International World Workshop
for a Classification of Periodontal Dis-
eases and Conditions (Armitage 1999),
using five clinical parameters and full-
mouth or panoramic radiographs of
diagnostic quality. Familial aggregation
of the disease could not be confirmed;
however, all patients presented the gen-
eralized form of AgP, with interproxi-
mal attachment loss affecting at least
three permanent teeth other than first
molars and incisors and a CAL of
>5mm at more than one site on >8
teeth. In this paper, the term ‘‘perio-
dontitis’” means the sum of the AgP and
CP patients included in the study.

DNA isolation and genotyping

The method described by Galicia et al.
(2004) was used for DNA isolation and
for genotyping of the two IL6R SNPs,
namely the — 183 G/A (rs4845617) in
the promoter region and the +48892 A/
C (rs8192284) in exon 9.

Joint analysis with IL6 gene
polymorphisms for periodontitis risk

Scientific evidence clearly shows that
IL-6 and IL-6R are functionally related
in the same biological pathway (Kishi-
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Table 2. Distribution of the IL6R — 183 G/A and +48,892 A/C allele and genotype in Japanese periodontitis patients and controls

— 183 G/A (rs4845617)

+

+48892 A/C (rs8192284)

+

Healthy controls®, Periodontitis ', Healthy controls™, Periodontitis',
n =210 (%) n=211 (%) n=210 (%) n=212 (%)
Genotype frequency A/A 47 (22.4) 49 (23.2) A/A 76 (36.2) 70 (33)
A/G 106 (50.5) 109 (51.7) A/C 93 (44.3) 116 (54.7)
G/G 57 (27.1) 53 (25.1) c/C 41 (19.5) 26 (12.3)
p value p=0.89 p=0.05
Allele frequency A 200 (47.6) 207 (49.1) A 245 (58.3) 256 (60.4)
G 220 (52.4) 215 (50.9) C 175 (41.7) 168 (39.6)
p value p=0.68 p=0.54
Carriage rate A (+) 153 (72.9) 158 (74.9) A (+) 169 (80.5) 186 (87.7)
A(—) 57 (27.1) 53 (25.1) A(—) 41 (19.5) 26 (12.3)
G(+) 163 (77.6) 162 (76.8) C(+) 134 (63.8) 142 (67)
G(—) 47 (33.4) 49 (23.2) C(—) 76 (36.2) 70 (33)
p value (OR; 95% CI) A:p=0.74 A: p=0.04 (1.73; 0.99-3.06)
G:p=0.84 C:p=049

*Sum of the AgP and CP controls.
"Sum of the AgP and CP patients.
OR, odds ratio; CI, confidence interval.

moto 1992, Tamura et al. 1993, Yawata
et al. 1993, Romano et al. 1997, Hein-
rich et al. 1998, Naruishi et al. 1999,
2001, Jones & Rose-John 2002). Hence,
we hypothesized that genetic variations
in IL6R and IL6 could interact synergis-
tically to predispose an individual to
periodontitis. It was possible for us to
carry out this joint analysis because the
raw data from our previous report on
IL6 SNPs and periodontitis were still
available (Komatsu et al. 2005). The
same periodontitis cases and healthy
controls were genotyped for both /L6
and IL6R genes, although six healthy
controls and nine periodontitis cases had
to be disregarded because their DNA
samples were no longer available during
the genotyping of IL6R.

Statistical analysis

A genetic statistical software (SNPaly-
ze™ Pro ver. 3.2.3, Dynacom, Yokoha-
ma, Japan) was used to test for deviation
of genotype frequencies from Hardy—
Weinberg expectations (HWE) and for
LD. Differences in the clinical para-
meter values between the IL6R — 183
A/G and +48,892 A/C alleles were
compared using the non-parametric
Mann—Whitney U-test. The association
of genotype frequency, allele frequency
and high-risk and low-risk IL6-IL6R
genotypes between cases and controls
was determined by y* analysis. Statisti-
cal analyses were performed by using
the standard statistical software (Stat-
View J-4.5 application program, SAS
Institute Inc., Cary, NC, USA). Signifi-

Table 3. Distribution of the IL6R — 183 G/A allele and genotype in Japanese periodontitis

patients and controls

Healthy controls for AgP, Healthy controls CP, n=169 (%)
AgP, n =140 (%) n=42 (%) for CP, n =170 (%)
Genotype frequency
A/A 28 (20) 10 (23.8) 19 (27.1) 39 (23.1)
A/G 72 (51.4) 23 (54.8) 34 (48.6) 86 (50.9)
G/G 40 (28.6) 9 (21.4) 17 (24.3) 44 (26)
p value =0.64 =0.80
Allele frequency
A 128 (45.7) 43 (51.2) 72 (51.4) 164 (48.5)
G 152 (54.3) 41 (48.8) 68 (46.6) 174 (51.5)
p value =0.38 =0.56
Carriage rate
A(+) 100 (71.4) 33 (78.6) 53 (75.7) 125 (74)
A(—) 40 (28.6) 9 (21.4) 17 (24.3) 44 (26)
G(+) 112 (80) 32 (76.2) 51 (72.9) 130 (76.9)
G(—) 28 (20) 10 (23.8) 19 (27.1) 39 (23.1)
p value A: p=0.36; G: p=0.59 A: p=0.78; G: p=0.50

cance was set at 5% (p<0.05). For
results that generated a significant p
value, the odds ratios (OR) were calcu-
lated with 95% confidence intervals
(CIs).

Results

Genotype distributions of the IL6R
— 183 G/A SNP in cases and controls
did not deviate from (HWE; p>0.05).
In the +48892 A/C SNP, all the control
groups and the CP group were in HWE,
but the total periodontitis and the AgP
cases deviated from HWE (p = 0.04 and
0.005, respectively). The two sites
agpeared to be in LD (ID'1=0.53,
v~ =175.2, p<0.0001), as also reported
in previous studies (Kim et al. 2003,

Galicia et al. 2004). Out of the 422
subjects enrolled and genotyped, 169
and 70 were classified as CP and non-
CP, while 43 and 140 were categorized
as AgP patients and their controls,
respectively. As expected, clinical vari-
ables displayed significant differences
between CP and AgP patients and their
respective controls. The characteristics
of the patient and control groups studied
are shown in Table 1.

Prevalence of IL6R genotypes and alleles
in the promoter region

Analysis of the genotype distribution of
the IL6R — 183 G/A (rs4845617) in
periodontitis, AgP, CP and their respec-
tive controls did not reveal any signifi-
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Table 4. Distribution of the IL6R +48892 A/C allele and genotype in Japanese periodontitis

patients and controls

Healthy controls AgP, Healthy controls for CP,
for AgP,n=140 (%) n=43 (%) CP,n=70(%) n=169 (%)
Genotype frequency
A/A 52 (37.1) 12 (27.9) 24 (34.3) 58 (34.3)
A/C 66 (47.1) 29 (67.4) 27 (38.6) 87 (51.5)
C/IC 22 (15.8) 24.7) 19 (27.1) 24 (14.2)
p value =0.04 =0.04
Allele frequency
A 170 (60.7) 53 (61.6) 75 (53.8) 203 (60.1)
C 110 (39.3) 33 (38.4) 65 (46.4) 135 (39.9)
p value =0.80 =0.19
Carriage rate
A(+) 118 (84.3) 41 (95.3) 51 (72.9) 145 (85.8)
A(—) 22 (15.7) 2 (4.7) 19 (27.1) 24 (14.2)
C(+) 88 (62.9) 31 (72.1) 46 (65.7) 111 (65.7)
C(—) 52 (37.1) 12 (27.9) 24(34.3) 58 (34.3)
p value (OR; 95% CI) A: p=0.06; C: p=0.27 A: p=0.02 (2.25; 1.08-2.25) C:
p=0.99

OR, odds ratio; CI, confidence interval.

cant results (Tables 2 and 3). The same
outcome was observed in the analysis
between healthy controls and perio-
dontitis cases with substantial extent
and severity as described by Tonetti
and Claffey (2005) (data not shown).

Prevalence of IL6R genotypes and alleles
in exon 9

Analysis of the IL6R +48892 A/C
(rs8192284) genotype and allele distri-
bution revealed a modest difference in
the genotype frequency and in the car-
riage rate for the A allele between
periodontitis  patients and controls
(p=0.05 and p=0.04, respectively;
Table 2). The same observation was
also noted in the genotype frequency
(p=10.04) and carriage rate for the A
allele (p=0.02) between CP and
healthy controls (Table 4). In AgP,
only the genotype frequency between
the patients and controls was significant
(p=0.04; Table 4). The carriage rate
for the A allele was significantly higher
in the periodontitis and CP groups than
in the controls (p=0.04 and 0.02,
respectively). However, the results indi-
cated did not turn out to be statistically
significant after Bonferroni’s adjust-
ment. But as this marker is in LD
(ID'1=0.53) with the — 183 marker
and the latter is not associated with
periodontitis, a Bonferroni-type correc-
tion would be too conservative and it is
best to simply report the disease-marker
association results without correction
(Nyholt 2001). No significant associa-
tion was found between healthy controls

and periodontitis cases with substantial
extent and severity as described by
Tonetti and Claffey (2005) (data not
shown).

Joint IL6-IL6R analysis

The results indicate that the two genes
do not interact to increase an indivi-
dual’s risk for periodontitis (data not
shown).

Discussion

Among the seven polymorphisms
described in the Korean population, we
only genotyped two SNPs based on the
importance of their locations and the
degree of LD as described by Kim
et al. (2003). Selecting only the more
important loci within a group exhibiting
strong LD is encouraged as it could
reduce the cost of genotyping with little
loss of information (Wang et al. 2005).
Moreover, the ILOR +48892 A/C SNP
described in this study is also repre-
sented in other ethnicities, promising a
global applicability of this locus in
terms of disease association (Wolford
et al. 2003, Hamid et al. 2004, Wang
et al. 2005).

Reports have clearly shown the
important biological roles that both the
IL-6Ro and sIL-6R play in regulating
the immune response, including the IL-6
responses of cells related to the period-
ontium (Tamura et al. 1993, Miiller-
Newen et al. 1998, Naruishi et al.
1999, 2001). However, in vivo studies
have demonstrated that instead of being
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an agonist, sIL-6R of the human plasma
should be regarded as a protein that
enables sgp130 to trap IL-6 efficiently,
decreasing the bioavailability of the
latter (Miiller-Newen et al. 1998,
Jostock et al. 2001).

In our recently published report, we
have found that the IL6R+ 48892 A
allele-negative subjects (C/C genotypes)
had significantly higher serum levels of
sIL-6R (Galicia et al. 2004). However,
although the subjects with the C/C gen-
otype have a higher soluble IL-6 recep-
tor, this does not necessarily mean that
their receptors containing the substituted
amino acid could aid cells that do not
express IL-6Ru trigger the IL-6-signal-
ling cascade. Site-directed mutagenesis
of IL6R barely affected IL-6 binding but
it did abolish the IL-6-signalling cap-
ability of sIL-6R (Yawata et al. 1993).
This could mean that the site-directed
mutant receptors could only bind to IL-
6, and not to the IL-6 signal-transducing
protein, gpl30, inhibiting cells to
respond to IL-6.

Putting together our present case—
control study results and the results of
our previous study regarding the effect
of IL6R polymorphisms on sIL-6R ser-
um levels, the following statements
could be hypothesized to suggest further
studies in the future: (i) the presence of
significantly higher A allele carriers in
periodontitis and CP subjects could
mean that this allele, comprising the
normal amino acid codon for IL-6R,
produces biologically active soluble
and membrane-bound IL-6 receptors
that could confer reactivity of cells to
the pro-inflammatory action of IL-6; (ii)
the non-A allele carriers, which are
higher in the healthy controls than in
the diseased subjects (27.1% versus
142% in CP and 15.7% versus 4.7%
in AgP, respectively — Table 4), produce
significantly higher amounts of mutant
sIL-6R receptors that, based on studies,
could potentiate the antagonistic capa-
city of sgp130 to IL-6 (Miiller-Newen et
al. 1998). Regulation of IL-6 in the
periodontal tissue is one of the prospects
in controlling biological events involved
in the pathogenesis of periodontal dis-
ease (Takashiba et al. 2003).

In addition to the case—control analy-
sis performed in the present study, a
joint IL6/IL6R analysis was also carried
out. However, the detailed method used
in the joint analysis was not included.
This is because we wanted to limit this
paper to a case—control study and at the
same time, explore the possibility that
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an interaction could occur between /L6
and /L6R. The results obtained suggest
the possible role that the /L6R poly-
morphisms play in the susceptibility to
periodontitis regardless of the disease
classification and independent of IL6.
However, the polymorphisms could not
be associated with the disease severity.

Although only modest differences in
the genotype frequencies and carriage
rate between the cases and the controls
were obtained, the importance of the
biological effects arising from the poly-
morphisms studied substantiates the
importance of our findings. Our present
report is in accordance with studies of
other IL-6-mediated conditions like type
2 diabetes mellitus and obesity (Wolford
et al. 2003, Hamid et al. 2004). We
strongly encourage further association
and biological studies to investigate the
effect of the IL6R polymorphisms on the
activities of IL-6R and IL-6, as these
could have consequences not only on
the general but also on the periodontal
immune responses.
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Clinical Relevance

Scientific rationale: Polymorphisms
in various candidate genes have
been associated with periodontitis.
Recently, type 2 diabetes mellitus
and obesity have been linked to
IL6R polymorphisms. Like perio-

dontitis, diabetes and obesity are
also complex diseases.

Principal findings: The results of
this study are in accordance with the
findings in diabetes and obesity.
Although the +48892 A/C SNP in
IL6R displayed a modest association
with periodontitis, the biological

effects of the /L6R polymorphism
mentioned substantiate the impor-
tance of this finding.

Practical implications: The IL6R
+48892 A/C polymorphism could be
included as one of the candidate
markers of periodontitis risk.
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