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IL6 and IL10 are genetic susceptibility factors of periodontal disease
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Background: Periodontitis is a disease mainly caused by a chronic infection of tissues that support
the teeth. Several factors, such as diabetes, smoking and oral care, as well as genetic susceptibility
can influence both the risk to develop periodontitis and its progression.The aim of the investigation
was to test whether alleles of candidate genes were associated with periodontitis.
Materials and Methods: A case control study was performed with a cohort of 184 patients
with chronic periodontitis and 231 healthy controls from the Italian population. A total of six
single nucleotide polymorphisms from five candidate genes, i.e., IL1A, IL1B, IL6, IL10 and vitamin
D receptor, were investigated.
Results: Evidence of association were obtained for rs1800795 mapping in IL6 (P value = 0.01) as
well as for the rs1800872 mapping in IL10 (P = 0.04). The rarer variant allele lowered the risk to
develop periodontitis at IL6 (Odds Ratio [OR] = 0.69 [95% confidence interval {CI} 0.51-0.93])
and increased the risk at IL10 (OR = 1.38 [95% CI 1.01-1.86]).
Conclusions: The present investigation indicated that polymorphisms of IL6 and IL10 constitute
risk factors for chronic periodontitis, while there was no evidence implicating a specific IL1A or
IL1B genotype.
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INTRODUCTION
Periodontitis is a multifactorial disease in which
both environmental and genetic factors play a role.
A major role in the progression of periodontitis is
played by the periodontal pocket microbiota, where
both the amount and the presence of specific bacteria
species represent risk factors. Additional risk factors
are smoking and diabetes. However, a range of host
genetic factors can influence individual susceptibility
to periodontitis, and are able to influence the clinical
aspects and rate of progression of the disease.[1,2]
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Genetic susceptibility to multifactorial diseases, as
well as to periodontitis, is usually due to several
gene polymorphisms instead of a single, or few, gene
mutations. Accordingly, common variation in the
genetic code may result in either altered expression
or in functional changes of the encoded molecules;
therefore, making individuals with genotypes more
susceptible to a given disease or resulting in an
increase of disease severity.[3,4]
In recent years, investigations on the susceptibility
factors of periodontitis have mainly focused on
genes that modulate immunoregulation, such as
cytokines, cell‑surface receptors, chemokines,
enzymes and proteins related to antigen recognition.
Cytokines, such as IL1A, IL1B, IL10 and IL6, are
key factors that mediate the inflammatory process
during periodontal disease. They have a role in
B‑cell activation, proliferation and differentiation,
and are the majority of infiltrating cells in advanced
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periodontitis lesions.[5] Thus, these variations can
interfere with the progression of disease[6] because
they may be responsible for the repeated cycles of
tissue inflammation observed in these disorders.[7]
In periodontal disease, periodonto–pathogenic
bacteria accumulated in the subgingival region are the
environmental factors that influence the inflammatory
response in periodontal tissues.[8] However, cytokines
are also considered to indirectly contribute to
connective tissue destruction and bone resorption.[9]
Because alveolar bone resorption is a key factor in
periodontal disease, vitamin D receptor (VDR) has
been considered as a periodontitis susceptibility factor.
Recent articles reported a revision of the scientific
literature regarding genetic association analysis
between common polymorphisms of candidate genes
and periodontitis.[10,11]
It is noteworthy that the vast majority of the genetic
studies on periodontitis have employed small‑sized
cohorts, resulting in a large potential for false‑positive
and false‑negative results; thus, having a low statistical
power to properly detect an association. Additionally,
the number and types of disease‑modifying genes
in periodontal disease may be different in different
ethnic populations or disease subgroups.
We analyzed six specific polymorphisms of the IL1A,
IL1B, IL6, IL10 and VDR genes in order to test
whether they act as susceptibility factors of chronic
periodontitis in the Italian population.

MATERIALS AND METHODS
Patients

A total of 412 individuals participated in the study;
183 were affected by chronic periodontitis while
230 constituted the control group, being healthy
or affected by gingivitis. Table 1 summarizes the
principal characteristics and clinical data of the two
groups.

Genotyping

The following six polymorphisms were investigated:
At IL1A the NM_000575.3:c.‑949C >T (rs1800587); at
IL1B the NM_000576.2:c.315C >T (rs1143634); at
IL6 the XR_108749.1:n.50‑321G >C (rs1800795);
at IL10 the NG_012088.1:g.3943A >G (rs1800896)
and NG_012088.1:g.4433A >C (rs1800872); and
at VDR the NM_000376.2:c.1056T >C (rs731236).
Single nucleotide polymorphism (SNP) assays were
selected using the Applied Biosystems SNPbrowser
S198

Software (Applied Biosystems, Foster City, CA,
USA). Genotyping were performed using an ABI
PRISM 7500 Sequence Detection System and
TaqMan chemistry according to the manufacturers’
protocols (Applied Biosystems). Genotypes were
scored by researchers in a blind system (biologists had
no information about the clinical disease classification
of the samples).

Statistical analysis

The distribution of genotypes in the patient and
control groups was tested for deviations from the
Hardy–Weinberg equilibrium using Pearson’s χ2 test.
Genetic association was investigated by both allelic
and genotypic tests with a likelihood ratio approach
using Unphased software v3.1.5 within a Windows
Vista operative system.[12] Odds Ratios (ORs) were
calculated in order to evaluate the level of association
of the rare allele carriers as well as of the heterozygote
and homozygote individuals. Haplotype association
was evaluated for the IL1 cluster (IL1A and IL1B) and
IL10 cluster because two linked polymorphisms were
available. Specifically, a global test of association was
performed, which tested whether any haplotype was
associated with the disease. A specific association test
for each haplotype was performed as well.

RESULTS
Genetic analysis of patient genomic DNA purified
from crevicular fluid was highly effective. Indeed,
a success rate between 96% and 99% was obtained
with the six different assays in the genotyping step.
Table 1: Baseline characteristics of the study
population
Population features
Subjects
(n)
Age
Years (mean±SD)
Gender
Male (n)
Female (n)
Plaque
Yes
No
BOP
Yes
No
Smoke
Yes
No

Controls

Periodontitis

230

182

39±18

58±11

80
150

80
102

127
88

72
30

95
119

71
31

29
185

29
74

P value

P<0.001
P=0.06

P=0.04

P<0.001

P=0.002
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Only 20 out of 412 DNA samples produced three or
fewer genotypes.

detected. This allowed us to combine data from two
adjacent markers and to perform a haplotype association
analysis. The overall statistics, which tested whether
any haplotypes were associated, provided no evidence
of association with the IL1 gene cluster (P = 0.87),
also not for the IL10 locus (P = 0.16). Specific
association values and estimated ORs for each
of the haplotypes are reported in Table 4. The
haplotype rs1800896 (A)‑rs1800872 (A) showed
a borderline level of association with periodontitis
OR = 1.29 (95% CI 0.91-1.84), P value = 0.06.

Genotype frequencies were in agreement with the
Hardy–Weinberg law in the whole sample and among
the cases and controls groups.
A comparison of the observed allelic frequencies
observed in the case and controls is reported in
Table 2. A significant difference between the
cases and the controls was observed at rs1800795
in IL6 (P = 0.01) and rs1800872 mapping in
IL10 (P = 0.04). Marginal values of association
were obtained for rs731236 of VDR (P = 0.09).
Indeed, individuals having the rarer allele at IL6 and
VDR polymorphisms appeared less‑susceptible to
periodontitis OR = 0.69 (95% confidence interval [CI]
0.51-0.93) and OR = 0.79 (95% CI 0.59-1.05),
respectively. The rarer allele at IL10 increased the
risk OR = 1.38 (95% CI 1.01-1.86).

DISCUSSION
Many studies have assessed a genetic association
between genetic variation and periodontitis; however,
there is still no agreement regarding the genetic bases
of this disease. Indeed, conflicting results have been
reported. These are mainly related to the different
ethnicities of the studied populations and also to the
small sample size. Indeed, small studies–with less
than 100 patients and 100 controls–cannot provide
adequate statistical power to detect a moderate genetic
effect, i.e., ORs of 1.5 or less. Another source of
variability could be related to the study design, being
different studies focused on specific phenotypes, such
as aggressive periodontitis, chronic periodontitis or
response to treatments. Herein, we report the results
of a genetic study performed with 182 patients
affected by chronic periodontitis and 182 controls
of Italian ancestry. Crevicular fluids collected with a

Genotypic association testing provided similar
results [Table 3]. The rs1800795 polymorphism
at IL6 showed a significant overall genotypic
association (P value = 0.02) and a lower risk for
both heterozygote and homozygote carrier of the
rare allele OR = 0.58 (95% CI 0.37-0.89) and
OR = 0.54 (95% CI 0.28-1.04), respectively, which
was close to the nominal levels of significance.
High level of linkage disequilibrium between SNPs of
the IL1 gene cluster (D’ =0.75; r2 = 0.44) and between
SNPs of the IL10 gene (D’ =0.93; r2 = 0.22) were
Table 2: Allelic association analysis of periodontitis
Gene

SNP ID

IL1A
IL1B
IL6
IL10
IL10
VDR

rs1800587
rs1143634
rs1800795
rs1800896
rs1800872
rs731236

Alleles A/a

Case

C/T
C/T
G/C
A/G
C/A
T/C

Control

Allelic association

A (%)

a (%)

A (%)

a (%)

P value

OR (95% CI)

244 (74)
271 (79)
243 (69)
234 (66)
233 (65)
202 (59)

86 (26)
71 (21)
111 (31)
118 (34)
123 (35)
138 (41)

313 (73)
336 (79)
261 (60)
273 (63)
321 (72)
230 (53)

113 (27)
92 (21)
173 (40)
161 (37)
123 (28)
200 (47)

0.88
0.80
0.01
0.30
0.04
0.09

0.98 (0.70-1.35)
0.97 (0.77-1.36)
0.69 (0.51-0.93)
0.85 (0.64-1.15)
1.38 (1.01-1.86)
0.79 (0.59-1.05)

Table 3: Genotype distribution among groups and genotype association analysis data
Gene
IL1A
IL1B
IL6
IL10
IL10
VDR

SNP ID
rs1800587
rs1143634
rs1800795
rs1800896
rs1800872
rs731236

AA

Case
Aa

aa

AA

Control
Aa

aa

Overall association
P value

Heterozygote
OR (95% CI)

Homozygote
OR (95% CI)

93
106
85
81
75
58

58
59
73
72
83
86

14
6
19
23
20
26

116
130
75
93
115
61

81
76
11
87
91
108

16
8
31
37
16
46

0.82
0.97
0.02
0.53
0.10
0.23

0.89 (0.58-1.38)
0.95 (0.62-1.45)
0.58 (0.37-0.89)
0.95 (0.62-1.46)
1.40 (0.92-2.12)
0.84 (0.53-1.32)

1.09 (0.51-2.35)
0.92 (0.31-2.73)
0.54 (0.28-1.04)
0.71 (0.39-1.30
1.91 (0.93-3.93)
0.59 (0.33-1.08)
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paper probe were used as a source of genomic DNA.
The efficiency of a genetic test on this DNA was
high; indeed, it provided about 98% of the genotypes.
The results of the genetic association analyses of the
different loci are discussed, below by locus.

IL1A and IL1B

IL1A and IL1B genes, and seven other interleukin
1 family genes, form a cytokine gene cluster on
chromosome 2. IL1A and IL1B polymorphisms
have been among the first and most frequently
investigated molecules for the association with
periodontitis. We found no evidence of an association
with rs1800587 (also known as IL1A ‑889C >T)
or rs1143634 (also known as IL1B + 3954C >T).
Noteworthy, the ORs were close to 1 in both allele
and genotype association analyses, indicating that
there was no trend of association. Similar results
were obtained when both polymorphisms were
analyzed together in the haplotype analysis [Table 4].
In a recent literature review of the investigation
with at least 100 individuals in either the case or the
control group, the authors concluded that the IL1
gene cluster polymorphisms cannot be considered as
risk factors for aggressive periodontitis or chronic
periodontitis susceptibility.[11] Our results, obtained
with a sample from the Italian population, further
supports this statement. On the other hand, a recent
meta‑analysis of Caucasian chronic periodontitis that
pooled data from 13 investigations found significant
effects for the two individual gene variations (IL1A
OR = 1.48 and IL1B OR = 1.54). Considering that the
sample size of the present investigation is more than
adequate to detect such a level of association (power
calculation not shown), we may conclude that genetic
heterogeneity is probably present among Caucasians,
being IL1 polymorphisms not associated with
periodontitis in the Italian population. Other authors
reported no association with aggressive periodontitis
in Italy.[13]

IL6

Polymorphism mapping in IL6 has been recurrently
reported as risk factors for both aggressive and
chronic periodontitis in different populations,
although several investigations have shown negative
association results.[11] Thus, the authors state that no
clear conclusion can be drawn about this locus. In
this study, we found the strongest level of association;
indeed, the variant allele rs1800795‑C (also known
as IL6 ‑174G >C) was significantly less represented
among periodontitis patients. This indicated that
S200

Table 4: Haplotype analysis of two candidate loci
and periodontitis
Gene

Haplotype

Case

Control

Association

n (%) n (%) P value OR (95%C.I.)
IL1A‑IL1B
IL1A‑IL1B
IL1A‑IL1B
IL1A‑IL1B
IL10
IL10
IL10

C‑C
C‑T
T‑C
T‑T
A‑C
A‑A
G‑A

231
30
12
55
114
116
112

(70)
(9)
(4)
(17)
(33)
(34)
(33)

290
31
17
72
151
119
160

(71)
(8)
(4)
(17)
(35)
(28)
(37)

0.95
0.45
0.69
0.79
0.60
0.06
0.19

1
1.21 (0.70‑2.07)
0.88 (0.40‑1.94)
0.96 (0.65‑1.42)
1
1.29 (0.91‑1.84)
0.93 (0.66‑1.31)

carriers of rs1800795‑C allele had a lower risk of
developing periodontitis, as previously reported by
other researchers.[11]

IL10

It has been proposed that IL10 could attenuate
periodontal tissue destruction through the induction of
tissue inhibitors of metalloproteinases and the inhibitor
of osteoclastogenesis osteoprotegerin.[14] Here, we
tested two polymorphisms of the IL10 promoter
region and showed that the variant allele rs1800872‑A
increased the risk of developing periodontitis,
with an observed OR of 1.38 (95% CI 1.01-1.86).
Interestingly, Reichert et al. demonstrated that this
allele is functional in chronic periodontitis, being
associated with a lower expression level of IL10.[15]

VDR

The VDR regulates a variety of biological processes,
including bone metabolism and immune response
to microbial infections.[16] As alveolar bone
resorption and bacterial accumulation are major
characteristics of periodontal disease, it is possible
that the VDR) and its genetic polymorphisms
play a role in periodontitis susceptibility. Here,
we found a suggestive association between VDR
allele and periodontitis, although at a borderline
statistical significance. Additional investigations with
independent data or different markers could provide
more information to elucidate the role of VDR in
periodontitis.

CONCLUSION
Here, we demonstrated a statistically significant
association between common variant alleles, IL6
rs1800795‑G and IL 10 rs1800872‑A, and periodontal
disease. These data suggest a possible use of these
polymorphisms in a DNA‑based diagnostic test of
periodontitis.
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