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ABSTRACT. Adult periodontitis (AP) is a chronic inflammatory disease whose etiology is not well
defined. Some studies suggested that the clinical characteristics of this disease may be in part
explained by genetic factors, and some attempts to find genetic markers for this disease were suc-
cessful. The interleukin-1 (IL-1) gene family as one of genetic factors may influence the expression
of adult periodontitis. The aim of present study is to investigate the frequencies of genetic polymor-
phisms in the IL-1 gene family encoding three genes (IL-1A, IL-1B and IL-1RN)} in Korean AP
patients and periodontically healthy controls. There were no significant differences in genotype and
aliele frequencies of these polymorphisms between two groups, respectively. However, -511 poly-
morphism of IL-1B gene was significantly associated with mean pocket depth (MPD, mm) value in
AP patients (P<0.05). Therefore, our results suggest that -511 polymorphism in the IL-1B gene may
be useful as a genetic marker for the severity of AP in Koreans.
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INTRODUCTION

Aduit periodontitis (AP) is an infectious disease of the
tooth-supporting tissues that is characterized by gingi-
val inflammation and alveolar bone loss (Laine et al,
2001). While uncomplicated gingivitis is a common con-
comitant of inadequate oral hygiene, progression to AP
with loss of supporting structures is influenced by sev-
eral factors, including genetic predisposition {(Hassel and
Harris, 1995; Hart and Kornman, 1997). The search
for genetic markers of AP has been generally disap-
pointing, since no consistent disease associations have
emerged (Galbraith et al, 1999). However, recent stud-
ies of cytokine gene polymorphisms in patients with AP
have vyielded more encouraging results (Gore et al,
1998; Kornman and di Giovine, 1998).

The proinflammatory cytokine interleukin-1 (IL-1) and
its relation with the pathways of periodontal tissue and
bone destruction has been well established, while sev-
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eral studies have shown higher levels of IL-1A and IL-
1B in gingival cervical fluid (GCF) and gingival tissues
in periodontally diseased subjects (Offenbacher, 1996;
Tatakis, 1993).

A family of genes regulating the production of these
cytokines has been identified on the long arm of chro-
mosome 2. This gene family consists of the IL-1A,
IL-1B and IL-1RN (receptor antagonist) genes (Nicklin
et al., 1994). Genetic polymorphisms in the IL-1 gene
family have been associated with a variety of poly-
genic diseases including systemic lupus erythematosus
(Blakemore et al, 1994), juvenile rheumatoid arthritis
(McDoweli et al., 1995), alopecia areata (Tarlow et al.,
1994), diabetic nephropathy (Blackemore ef al, 1996),
inflammatory bowel disease (Biogue et al, 1995), my-
asthenia gravis (Huang et al,, 1998) and AP (Kornman
et al., 1997).

The first study of cytokine gene polymorphisms in AP
was reported by Kornman et al. (1997) who found a sig-
nificant association between genetic polymorphisms in
the IL-1 gene family and aduit periodontitis. However,
further studies for other ethnic groups have yielded con-
troversial results about the relationship between genetic
polymorphisms in the IL-1 gene family and AP (Amitage
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et al., 2000; Galbraith et al., 1999; McDevitt ef al.,, 2000).
So far, no existing data referring to subjects of Korean
origin are available in this context. Thus, we investi-
gated the prevalence of the genetic polymorphisms in
the IL-1 gene family from a Korean population of healthy
periodontal status, and compared this prevalence with
the one from a group of patients with AP.

MATERIALS AND METHODS

Study subjects

A total of 32 cases of AP (24 male and 8 female; age
range 31~67 year; mean age 48.0 year) were recruited
from Dr. Choi's Dental Office, Seoul, Korea, and 149
healthy control subjects (73 male, 75 female and 1
unknown; age range 27~80 year; mean age 56.0 year)
collected from Clinical Pathology, Seoul Hygiene Hospi-
tal, Seoul, Korea. Clinical characteristics of AP group
were shown in Table 1.

Biochemical assay

Blood samples were obtained in EDTA tubes from the
subjects who had been fasting for 12~16 h. Serum con-
centrations of total cholesterol (TC), triglyceride (TG)
and glucose were measured by enzymatic colorimetric
methods with a commercial kit (Boehringer Mannheim,
Germany) and chemistry analyzer. Serum high-density
lipoprotein (HDL) cholesterol concentration was deter-
mined by measuring cholesterol in the supernatant after
precipitation of the serum with MgCl, and dextran sul-
fate, with a Gilford Impact 400E autornatic analyzer with
reagents and calibrators from Boehringer Mannheim.
Serum lipoprotein(a) concentration was measured by
the immunoprecipitation method (SPQ test System,
Incstar Corporation, Stillwater, Minn., USA), and serum
apolipoprotein Al concentration was determined by
the immunoturbidimetric method (Cobas Integra, Roche
Diagnostics, USA). Serum low density lipoprotein cho-
lesterol (LDL) concentration was calculated using the
formula by Friedewald et al. (1972). The mean pocket
depth (MPD, mm) was evaluated by several dentists.

Table 1. Baseline clinical parameters of the patients with
adult periodontitis (n=32)

Mean =+ SD' Range

Age (year) 48.0+88 31-~67
Missing teeth 1.4+20 0~10
Mean pocket depth (mm) 50+£08 35-~72
% sites with:

plague 42.+23 10~100

gingival redness 38+19 5~100

bleeding on probing 32+20 7~100
% Current smokers 375

'Standard deviation.

DNA analysis

Genomic DNA was extracted using automatic nucleic
acid isolation & purification system (BioNex Inc., Seoul,
Korea) from whole blood. The polymorphisms investi-
gated in this study were a bi-allelic -889 polymorphism
within the promoter region of the IL-1A gene (Kormman
et al, 1997), a bi-allelic -511 polymorphism within the
promoter region of the IL-1B gene (di Giovine et al,
1992), a bi-allelic +3954 polymorphism within the exon
5 of the IL-1B gene (Kornman et al., 1997) and a multi-
allelic variable number of tandem repeat (VNTR) poly-
morphism within the second intron of the IL-1RN gene
(Tarlow et al, 1993). Briefly, total 50 ul of the reaction
mixture contained 200~400 ng of genomic DNA, 100 ng
of each primer, 200 uM of each dNTP, and buffers
recommended by the manufacturer. The sequences of
the primer for each polymorphism were described in
Table 2.

Amplification was carried out with DNA thermocycler:
one cycle at 94°C for 5min, 35 cycles at 94°C for
1 min, at 55~65°C for 1 min and at 72°C for 1 min with
a final polymerization at 72°C for 10 min. Amplified PCR
products were digested by proper restriction enzymes
and visualized by agarose or polyacrylamide gel elec-
trophoresis. In the case of a VNTR polymorphism within
the second intron of the IL-1RN gene, PCR product
was directly genotyped by agarose gel electrophoresis

Table 2. Polymorphic sites and primer sequences for the PCR amplification of IL-1 gene family

Gene Polymorphism Primer sequence Reference

IL-1A -889 5-AAGCTTGTTCTACCACCTGAACTAGGC-3' Kornman et al., 1997
5-TTACATATGAGCCTTCCATG

IL-1B -511 5-TGGCATTGATCTGGTTCATC-3' di Giovine et al., 1992
5-GTTTAGGAATCTTCCCACTT-3'

+3954 5-CTCAGGTGTCCTCGAAGAAATCAAA-3' Kornman et af., 1997

5-GCTTTTTTGCTGTGAGTCCCG-3'

IL-1RN VNTR 5-CTCAGCAACACTCCTAT-3' Tarlow et al., 1993

5-TCCTGGTCTGCAGGTAA-3'
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without the digestion by a restriction enzyme.

Statistical analysis

Differences in 2 x N contingency table analyses were
assessed by y2-independence test, while 2 x 2 contin-
gency table analyses by Fisher's exact test. For the
VNTR polymorphism with more than two alleles, the
statistical significance of the association between the
genetic marker and AP was estimated with a Monte
Carlo simulation using the Clump (version. 1.6) pro-
gram (Sham and Curtis, 1995). The heterozygosity and
polymorphism information content (PIC) values were
calculated as previously described (Bostein et al,
1980). Differences in means according to each geno-
type were tested by non-parametric Mann-Whitney U
test or Kruskal-Wallis test. A p-value of less than 0.05
indicated statistical significance. All statistical analysis
was performed using the computer program of SPSS-
WIN (version 11.0).

RESULTS

Polymorphic pattern
(1) IL-1A(-889). A -889 polymorphism in the IL-1A
gene was detected by digestion with restriction enzyme

(A) Nceo 1

bp

182

97/85

Ncol after PCR amplification (Fig. 1A). Examination of
the polyacrylamide gels after Ncol digestion showed
two fragments of 83 bp + 16 bp (N1 allele) and a single
99 bp fragment (N2 allele). The genotype frequencies of
the IL-1A(-889) in controls and AP patients were pre-
sented in Table 3. The absence of N2N2 genotype in
the IL-1A(-889) was found in our AP group. No statisti-
cally significant differences were found between two
groups for any of the genotype frequencies investi-
gated (P>0.05). The heterozygosity and PIC values of
IL-1A(-889) represented the values of 0.1588 and 0.1462
for controls, and 0.0689 and 0.0665 for AP patients,
respectively. According to the heterozygosity and PIC
values, IL-1A(-889) showed indicated a relatively low
degree of polymorphism in both groups.

(2) IL-1B(-511). A -511 polymorphism in the IL-1B
gene was detected by digestion with restriction enzyme
Aval after PCR amplification (Fig. 1B). Aval digestion of
the amplified product and subsequent agarose gel
electrophoresis yielded 191 bp + 113 bp fragments (A1
allele) and a single 304 bp fragment (A2 allele). Results
of the prevalence of genotypes for controls and AP
patients were presented in Table 3. Statistical analysis
revealed no significant differences in genotype frequen-
cies between the two groups, respectively (P>0.05).

B Ava 1

bp

| 304

191
113

D) VNTR
M1 2 3 4 5 6 M
.- bp
1,000
- 750
500

300
. 150
50

Fig. 1. Polymorphic patterns of IL-1 gene family. A) -889 genotypes of IL-1A gene. Lane 1, 2 and 4~7, N1N1 genotypes; lane
3, N1N2 genotype. B) -511 genotypes of IL-1A gene. Lane 1, 2 and 7, A2A2 genotypes; lane 3 and 6, A1A1 genotypes; lane
4 and 5, A1A2 genotypes. C) +3954 genotypes of IL-1A gene. Lane 1, 3~7, T1T1 genotypes; lane 2, T1T2 genotype. D)
VNTR genotypes of IL1RN gene. Lane M, size markers; lane 1 and 2, V1V3 genotypes; lane 3, V1V1 genotypes; lane 4,

V1V4 genotype; lane 5, V1V2 genotype; lane 6, V2V2 genotype.
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Table 3. Comparison of genotype frequencies for four polymorphisms within the IL-1 gene family in normal controls and adult

periodontitis group

Control Adult Periodontitis
Site Genotypes
Freq.' H? PIC® Freaq. H PIC
IL-1A
-889 N1N1 0.85 0.1588 0.1462 0.93 0.0689 0.0665
N1N2 0.13 0.07
N2N2 0.02 0.00
IL-1B
-511 A1A1 0.25 0.5000 0.3750 0.20 0.4800 0.3648
A1A2 0.51 0.40
A2A2 0.24 0.40
+3954 T1T1 0.95 0.0555 0.0540 0.94 0.0605 0.0587
T1T2 0.04 0.06
T2T2 0.01 0.00
IL-1RN
VNTR Vivi 0.87 0.1264 0.1207 0.91 0.1223 0.1177
Viv2 0.11 0.03
V1V3 0.01 0.03
Viv4 0.01 0.00
vav2 0.00 0.03

'Frequency, Zheterozygosity and polymorphism information content.

The heterozygosity and PIC values of IL-1B(-511) repre-
sented the values of 0.5000 and 0.3750 for controls,
and 0.4800 and 0.3648 for AP patients, respectively.
According to the heterozygosity and PIC values, IL-1A
(-889) showed indicated a reasonably high degree of
polymorphism in both groups.

(3) IL-1B(+3954). A +3954 polymorphism in the IL-
1B gene was detected by digestion with restriction
enzyme Taql after PCR amplification (Fig. 1C). Tagl
digestion of the amplified DNA yielded two fragments of
97bp and 85bp for T1 allele and a single fragment
of 182bp for T2 allele The genotype frequencies of
IL-1B(+3954) in controls and AP patients were shown
in Table 3. The absence of T2T2 genotype in the IL-
1B(+3954) was found in our AP group. No significant
differences were observed in the genotype frequencies
between the two groups, respectively (P>0.05). The
heterozygosity and PIC values of IL-1B(+3954) repre-
sented the values of 0.0555 and 0.0540 for controls,
and 0.0605 and 0.0587 for AP patients, respectively.
According to the heterozygosity and PIC values, IL-
1A(+3954) showed indicated a very low degree of poly-
morphism in both groups.

(4) IL-1RN(VNTR). Intron 2 in the IL-1RN gene con-
tains a VNTR polymorphism of an 86 bp length of DNA,
and this polymorphism was directly detected by PCR
and agarose gel electrophoresis in our study. The PCR
products were determined by electrophoresis on a 3%
agarose gel stained with ethidium bromide. V1 allele (4
repeats) was 410 bp in size, V2 allele (2 repeats) was
240 bp, V3 allele (5 repeats) was 500 bp, V4 allele (3

repeats) was 325bp, and V5 allele (6 repeats) was
595bp (Fig. 1D). The genotype distributions of IL-
1RN(VNTR) was displayed in Table 3. V1V1 genotype
were most frequent in our subjects. V1V4 genotype was
observed in only control group, while A2A2 genotype in
AP group. There was no significant difference in overall
genotype distribution between the two groups, (P>
0.05). Also, The heterozygosity and PIC values of IL-
1RN(VNTR) represented the values of 0.1264 and
0.1207 for controls, and 0.1177 and 0.0587 for AP
patients, respectively. According to the heterozygosity
and PIC values, IL-1BRN(VNTR) showed indicated rela-
tively low degree of polymorphism in both groups.

Distribution of the IL-1A(-889)/1I-1B(+3954) compos-
ite genotype

The composite genotype of IL-1A(-889)/IL-1B(+3954)
described by Kornman et al. (1997) was investigated in
controls and AP patients, respectively. No significant dif-
ference was found between controls and AP patients

Table 4. Distribution of composite IL-1A(-889)/IL-1B(+3954)
genotype in controls and patients

Subject number (%)

Genotype Total
P Controls Cases

Negative' 106(98.1) 28(93.3) 134(97.1)

Positive? 2(1.9) 2(6.7) 4(2.9)

Total 108(100.0) 30(100.0) 138(100.0)

'Subjects carrying both N2 allele of IL-1A(-889) and T2 allele
of IL-1B(+3954) and “subjects not carrying both N2 allele of
IL-1A(-889) and T2 allele of IL-1B(+3954).
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Table 5. The comparison of the anthropometric data and intermediate phenotypes according to the genetic polymorphisms of

the IL-1 gene family in Korean adult periodontitis patients

P-value
IL-1A(-889) IL-1B(-511) IL-1B(+3954) IL-1TRN(VNTR)
Age (year) 0.964 0.261 0.907 0.196
TC (mg/dl)’ 0.304 0.248 0.403 0.272
TG (mg/dl)? 0.153 0.684 0.226 0.443
HDL-chol (mg/di)® 0.108 0.475 0.198 0.205
LDL-chol (mg/dl)* 0.422 0.088 0.488 0.840
Lp(a) (mg/dy® 0.448 0.823 0.532 0.288
ApoAl (mg/di)® 0.246 0.736 0.444 0.172
Glucose (mg/d) 0.228 0.361 0.226 0.173
MPD (mm)’ 0.789 0.044° 0.734 0.798
Smoking status 0.146 0.196 0.133 0.415

otal cholesterol, Ztriglyceride, *HDL-cholesterol, *LDL-cholesterol, *lipoprotein(a), ®apolipoprotein Al, and ‘mean pocket depth.

Statistically significant difference (Kruskal-Wallis test, P<0.05).

for IL-1A(-889)/IL-1B(+3954) composite genotypes (P>
0.05).

Relationship with clinical characteristics

Table 5 presented the comparison of clinical charac-
teristics according to each polymorphism in AP group.
By statistical analysis, -511 polymorphism in the IL-1B
gene was significantly associated with MPD value in AP
group (P< 0.05).

DISCUSSION

AP is believed to has a multifactorial origin, and
genetically inherited factors, which may coniribute by
conferring disease susceptibility, are likely to be ex-
pressed through variations in the host’s inflammatory-
immune response to periodontal pathogens (Genco,
1994; Page, 1991). The molecular mechanisms of how
these genetic factors function have been reported more
commonly and ultimately may become the focus of
future therapeutic interventions. The impact of the
genetic factor on AP has been incorporated into period-
ontology as a new line of research. Given the multifac-
torial aetiology of this disease and the novelty of this
approach, a lot of information and data are required in
order to demonstrate and establish a clear relationship
between genetic variants, the pathogenetic process and
the final clinical outcome.

Cytokines are regulatory proteins of low molecular
weight, which are active in very small amounts (femto-
molar to picomolar concentrations) (Bendizen, 1994).
They transmit information between cells and form a
complex network of interactions. Most cytokines are
pleiotrophic. They may act synergistically or may inhibit
the action of other cytokines (Kjeldsen et al, 1993).
Cytokines are produced by activated cells, and mainly

exert their effects locally by binding to high affinity
receptors on the surface of a variety of cell types. Sta-
ble interindividual differences in cytokine secretion pat-
terns have been reported (Molvig et al, 1988). The
proinflammatory cytokines, IL-1, play a central role in
the pathogenesis of many autoimmune and infectious
diseases, including periodontitis (Roberts et al., 19973, b).

The genes encoding IL-1A, IL-1B and IL-1RN lie on
the long arm of human chromosome 2 (Nicklin et al.,
1994). The investigation of genetic polymorphisms in
this IL-1 gene family is intuitively interesting, since it is
recognized that cytokines such as IL-1A and IL-1B may
play an important role in the pathogenesis of periodonti-
tis (Offenbacher, 1996), and several of the known
polymorphisms within the IL-1 gene family appear to
regulate gene expression level (Pociot et al., 1992).

The present study revealed no associations between
four genetic polymorphisms within the IL-1 gene family
and AP in Korean population. This lack of any associa-
tions between genetic polymorphisms within the IL-1
gene family and AP in the population presented here,
bring into doubt the usefulness of these candidate
genes as markers of susceptibility to this form of peri-
odontitis.

Kornman et al. (1997) first reported that the compos-
ite genotypes of IL-1A(-889)/1-1(+3954) was signifi-
cantly associated with AP in Caucasians. Further studies
on the associations between the composite genotype
of IL-1A(-889)/1-1(+3954) and susceptibility of AP were
conflicting in subjects with various ethnic background
(Amitage et al, 2000; Anusaksathien et al, 2003;
Meisel et al., 2002; Sakellari et al., 2003). In the present
study, there was a low prevalence of genotype-positive
subjects as compared with those found in other ethnic
groups. The majority of the subjects exhibited homozy-
gous allele 1 of the IL-1A(-889)/IL-1B(+3954) with only
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2.9% of the subjects genotype positive. Our resuits
were similar to those reported by Amitage et al. (2000)
who showed that only 2.3% of the Chinese subjects
were genotype positive and by Anusaksathien et al.
(2003) who showed that only 1.6% of the Thai subjects
were genotype positive. On the other hand, the distribu-
tion of the genotype-positive subjects from the Cauca-
sian population varied from 29~46% depending on the
geographic locations (Cullinan et al,, 2001; Hodge et al.,
2001; Komman et al, 1997). Hispanic and African-
American subjects were approximately 26% and 14%
genotype positive, respectively (Caffesse et al, 2002;
Walker et al, 2000). Taken together, the results have
clearly shown that the distribution of IL-1A(-889)/IL-
1B(+3954) genetic polymorphisms varies with popula-
tion due to different ethnic and geographic backgrounds.

The distribution of genotype-positive cases was so
small that the establishment of an association between
the composite genotype of IL-1A(-889)/IL-1B(+3954)
and AP was not meaningful. Our results were also simi-
lar to those reported by Armitage et al/. (2000) and
Anusaksathien et al. (2003) in which it was demon-
strated that the prevalencies of genotype-positive cases
in the other Asian populations were so low that no rela-
tionship with the susceptibility of AP could be estab-
lished. The application of the composite genotype of IL-
1A(-889)/IL-1B(+3954) may not be valuable in predict-
ing the susceptibility of AP in the Asian population.

One of the most valuable finding of the study reported
here was the detection of an significant association
between a genetic polymorphism of IL-1B(-511) and
MPD value in our AP group. Analysis of variance
revealed that individuals (5.0 + 0.8 mm) carrying allele 2
of IL-1B(-511) indicated higher MPD value than individu-
als (4.5 +0.8) carrying only 1 allele. The Guzman et al.
(2003) reported that this polymorphism was signifi-
cantly associated with periodontal disease in a diabetic
population of Caucasian heritage. With smoking (Meisel
et al., 2002, 2004), diabetic status is an important risk
factor for periodontal diseases (Emrich et al, 1991).
Although our study could not include any information on
the diabetic status of our study samples, these observa-
tions on the association between the genotype of IL-
1B(-511) and the severity of AP detected by 2 studies
may be meaningful to maintain periodontal health.
Knowledge of genetic factors, such as the genotype of
IL-1B(-511) that are significantly associated with the
severity of AP, should therefore enhance the clinicians
ability to estimate the future course of disease for a
specific patient. In addition, such information may be
used to modify the patients risk and to guide preven-
tion and therapy.

However, the results presented here should be inter-
preted cautiously as there are a few subjects in some
of the strata. Most of the studies published so far con-
sist of low number of subjects who are mostly conve-
nience samples, an obstacle also in the present study.
Therefore, additional studies using larger sample size
are needed to further address these issues, although
our results suggest that a genetic polymorphism of IL-
1B(-511) may affect the severity of AP in Korean popu-
lation.
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