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Abstract. The distributions of the bi-allelic interleukin-1bπ3953 and tumor necrosis
factor-aª308 genotypes were determined in 20 patients with advanced adult peri-
odontitis, 20 patients with plaque associated gingivitis, and 45 referent popula-
tion subjects. A significant increase in IL-1bπ3953 allele 2 frequency was found in
patients with advanced periodontitis compared to referent subjects (the Fisher
exact test; pΩ0.013). Furthermore, the frequency of TNF-aª308 allele 1 was sig-
nificantly greater in patients with advanced disease compared to those with
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relation was observed between genotype and cytokine production in these patient
populations. Accepted for publication 25 January 1999

Periodontal diseases include a broad
spectrum of inflammatory and destruc-
tive responses to oral microbes in the
susceptible human host. While uncom-
plicated gingivitis is a common con-
comitant of inadequate oral hygiene,
progression to severe periodontitis with
loss of supporting structures is influ-
enced by several factors, including gen-
etic predisposition (Hassel & Harris
1995, Hart & Kornman 1997). The
search for genetic markers of peri-
odontitis has been generally disappoint-
ing, since no consistent disease associ-
ations have emerged. However, recent
studies of cytokine gene polymorph-
isms in patients with periodontitis have
yielded more encouraging results.

The rationale for the examination of
cytokine genotypes in periodontal dis-
ease is intuitively attractive, since it is
recognized that cytokines such as in-
terleukin-1a and b (IL-1a and IL-1b)
and tumor necrosis factor-a (TNF-a)
may play a pivotal role in the patho-
genesis of periodontitis (reviewed by Of-
fenbacher 1996), and several of the
known polymorphisms of the IL-1 and
TNF gene complexes appear to influ-
ence gene regulation. For example, the

bi-allelic restriction fragment length
polymorphism (RFLP) due to a single
base exchange at position π3953 within
the fifth exon of the IL-1b gene (IL-
1bπ3953) has been associated with the
level of IL-1b production (Pociot et al.
1992); similarly, the single base poly-
morphism within the promoter region
of the TNF-a locus at position ª308
(TNF-aª308) influences the level of
TNF-a gene transcription (Wilson et al.
1997, Kroeger et al. 1997).

The first study of cytokine gene poly-
morphisms in periodontal disease was
reported by Kornman et al., who found
a significant association between a com-
posite IL-1 genotype and advanced
adult periodontitis (1997). This geno-
type included the less common allele 2
of the IL-1bπ3953 polymorphism and al-
lele 2 of a single base polymorphism at
position ª889 of the IL-1a gene (IL-
1aª889). Moreover, this association was
demonstrable only in patients who were
non-smokers. In contrast, studies in our
laboratory revealed a significant associ-
ation between the IL-1bπ3953 allele 2
alone and severity of adult periodontitis
in a small patient population that in-
cluded smokers (Gore et al. 1998). In a

subsequent study of the same popula-
tion, we were unable to detect signifi-
cant differences in the distribution of
TNF-aª308 genotypes, although oral
neutrophils from patients with the un-
common allele 2 of this polymorphism
were found to produce greater levels of
TNF-a (Galbraith et al. 1998).

The purpose of the study reported
here was to further examine the distri-
butions of the IL-1bπ3953 and TNF-
aª308 genotypes in a larger number of
patients with adult periodontitis of
strictly defined severity and a referent
population. In addition, the influence
of genotype on cytokine synthesis by
oral and peripheral blood polymorpho-
nuclear leukocytes (PMN) was exam-
ined.

Material and Methods
Subjects

This study was approved by the Insti-
tutional Review Board for Human Re-
search. Patients were selected according
to the guidelines published by the
American Academy of Periodontology
(1996). The patient population included
20 subjects with plaque-associated gin-
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givitis with no attachment loss, and 20
patients with adult periodontitis char-
acterized by advanced loss of peri-
odontal support and at least 3 sites with
probing depths equal to or greater than
7 mm and attachment loss greater than
5 mm. Diagnosis was made on the basis
of physical examination, medical and
dental history, probing depth, assess-
ment of attachment loss, tooth mo-
bility, observation of bleeding on prob-
ing, and full mouth radiography. All
patients selected for study were between
the ages of 35 and 65 years. The gingi-
vitis group (age 48.4∫9.2 years,
mean∫SD) included 7 males and 13 fe-
males, and three smokers. The group
with advanced disease (age 46.8∫8.9
years) was comprised of 6 males and 14
females, and 15 smokers. The sample
was limited to Caucasian subjects, since
racial differences are common in poly-
morphic systems (Mourant et al. 1976).
All patients were in good health apart
from their periodontal disease.

The referent population consisted of
45 unrelated Caucasian subjects in good
health, residing in the same geographic
area as the patients studied, and of un-
known periodontal health status. After
informed consent was obtained, pa-
tients provided an oral rinse sample and
a peripheral blood sample; referent sub-
jects donated only peripheral blood.

Isolation of oral PMN

Oral PMN were obtained by a stan-
dardized mouth rinse procedure as de-
scribed elsewhere (Hendley et al. 1995,
Galbraith et al. 1997). The resulting cell
population included ±90% PMN of
±95% viability as assessed by trypan
blue dye exclusion; mononuclear leuko-
cytes were very rarely seen. The PMN
were resuspended in a solution contain-
ing 10 mM glucose, 150 mM NaCl, 3
mM KCl, 5 mM Hepes, 2 mM CaCl2,
and 100 mg/ml ampicillin, pH 7.4, and
incubated at 37æC for 3 h. Culture
supernatants were stored at ª70æC for
subsequent measurement of IL-1b and
TNF-a content.

Isolation of peripheral blood PMN

PMN were obtained from heparinized
peripheral venous blood by dextran
sedimentation and density gradient cen-
trifugation as previously described
(Galbraith et al. 1997), and resus-
pended in RPMI medium 1640 contain-
ing 10% fetal calf serum (both from

Sigma Chemicals, St. Louis, MO) at a
concentration of 2¿107/ml. Cells were
cultured for 5 h at 37æC in the presence
or absence of 1 mg/ml lipopolysacchar-
ide (LPS, E. coli serotype 111:B4, Sigma
Chemicals); these culture conditions
had been previously determined to be
optimum for stimulation of cytokine
synthesis by PMN. Supernatants were
stored at ª70æC until measurement of
IL-1b and TNF-a levels.

Quantitation of IL-1 b and TNF-a in cell
supernatants

This was determined in duplicate
samples by an enzyme-linked immuno-
sorbant assay (ELISA) (CYTImmune
Sciences, Inc., College Park, MD). This
employed an antibody sandwich
method, using microtiter plates coated
with monoclonal murine antibody to
the appropriate human cytokine, a sec-
ond polyclonal rabbit antibody to the
cytokine, and an alkaline phosphatase-
labeled goat antibody to rabbit im-
munoglobulin. Following the addition
of a color generating system, the optical
densities of the reaction mixtures were
read at 492 nm and analysed using a
Bio-kinetics microplate reader (Bio-Tek
Instruments, Winooski, VT).

Isolation of genomic DNA

Mononuclear cells were obtained from
the interface of the density gradient
(above). Genomic DNA was isolated
from these samples using Puregene
(Gentra Systems, Minneapolis, MN).
The DNA was resuspended in Puregene
hydration solution at a concentration of
100 mg/ml and stored at ª20æC until
analysed for IL-1bπ3953 and TNF-aª308

genotypes.

IL-1bπ3953 genotyping

Genotypes of the IL-1bπ3953 RFLP
were determined by polymerase chain
reaction (PCR) as previously described
(Gore et al. 1998), using GeneAmp
PCR kit (Perkin Elmer, Norwalk, CT)
and the following primers: 5ø-CTC-
AGGTGTCCTCCAAGAAATCAAA-
3ø and 5ø-GCTTTTTTGCTGTGAGT-
CCCG-3ø. The 194 bp region of the IL-
1b gene was amplified for 35 cycles
using the Perkin Elmer model 9600
thermocycler at 95æC for 15 s and 60æC
for 30 s. Taq1 restriction digestion of
the PCR product and subsequent elec-
trophoresis on a 10% polyacrylamide

gel resulted in two fragments of 86 bp
and 108 bp in subjects homozygous for
allele 1 and a single fragment of 194 bp
in subjects homozygous for allele 2. All
three fragments were present in hetero-
zygous subjects.

TNF-aª308 genotyping

TNF-aª308 genotypes were determined
as described elsewhere (Galbraith et al.
1998). In brief, the 117 bp region of the
TNF-a gene was amplified using the fol-
lowing primers: 5ø-AGGCAATAGGT-
TTTGAGGGCCAT-3ø and 5ø-ACACT-
CCCCATCCTCCCGGCT-3ø. PCR was
performed for 35 cycles of 95æC and
60æC for 15 and 30 s, respectively. Nco1
digestion of the amplified product and
subsequent electrophoresis revealed the
two alleles of TNF-aª308: T1 (frag-
ments of 97 bp and 20 bp), and T2 (117
bp).

Analysis of data

The Fisher’s 2-tailed exact test was used
to examine differences in distribution of
IL-1b and TNF-a genotypes and alleles
in patients with the two presentations
of periodontal disease and the referent
population, using the SAS software
(SAS Institute, Inc. 1990). Because we
had previously found evidence of as-
sociation between IL-1bπ3953 allele 2
and severity of adult periodontal dis-
ease (Gore et al. 1998), the need for
Bonferroni correction for experiment-
wise error rate was obviated. Super-
natant cytokine levels did not fall
within a normal distribution; therefore
the data were transformed by inversion
before analysis by the t-test. In all in-
stances, the alpha level of 0.05 deter-
mined the statistical significance of the
results.

Results

The distributions of IL-1b and TNF-a
genotypes in patients and referent sub-
jects are shown in Table 1. The fre-
quency of IL-1bπ3953 1,2 and 2,2 geno-
types (allele 2 carriage rate) was sig-
nificantly elevated in the total patient
group compared to the referent popula-
tion (pΩ0.043, Fisher’s exact test); this
reflected the increased frequency in pa-
tients with advanced adult periodontitis
compared to referent subjects (pΩ
0.048). No statistically significant dif-
ference in the allele 2 carriage rate was
found between patients with gingivitis



IL-1b and TNF-a gene polymorphisms in adult periodontitis 707

Table 1. Distribution of IL-1b and TNF-a genotypes in adult periodontitis

Adult periodontitis

Gingivitis Advanced Referent population
Genotype (nΩ20) (nΩ20) (nΩ45)

IL-1bπ3953 a)

1/1 11 (55%) 9 (45%) 33 (73.3%)
1/2 8 (40%) 7 (35%) 9 (20%)
2/2 1 (5%) 4 (20%) 3 (6.7%)

TNF-aª308 b)

1/1 13 (65%) 18 (95%) 34 (75.6%)
1/2 5 (25%) 1 (5%) 11 (24.4%)
2/2 2 (10%) 0 0

a) The proportion of genotypes containing IL-1bπ3953 allele 2 was significantly increased in
patients with advanced adult periodontitis compared to the referent group (pΩ0.048, the
Fisher exact test; odds ratio 3.36, 95% confidence interval (1.12, 10.11)).

b) The proportion of the TNF-aª308 1,1 genotype was significantly increased in patients with
advanced disease compared to those with gingivitis (pΩ0.044, The Fisher exact test; odds
ratio 10.20, 95% confidence interval (1.12, 90.91)); also increased compared to referent sub-
jects (pΩ0.086, not significant). Data not available for one subject with advanced peri-
odontitis.

and those with advanced disease, or be-
tween patients with gingivitis and the
referent group. Further analysis re-
vealed that the IL-1bπ3953 allele 2 fre-
quency was even more significantly in-
creased in patients with advanced dis-
ease compared to referent subjects (pΩ
0.013).

Examination of the TNF-aª308 poly-
morphism in these populations revealed
a significant increase in the 1,1 geno-
type in patients with advanced peri-
odontitis compared to those with gingi-
vitis (pΩ0.044), and an even more sig-
nificant increase in allele 1 frequency
between the two patient groups (pΩ
0.014). The increase in both the 1,1
genotype and the allele 1 frequency in
patients with advanced disease com-
pared to referent subjects failed to reach
significance.

Studies of cytokine production
showed that IL-1b synthesis by oral
PMN from patients with advanced
periodontitis was significantly greater
than that of patients with gingivitis
(57.4∫17 pg/2¿106 PMN versus
36.8∫9.7 pg/2¿106 PMN, respectively,
mean∫SE; pΩ0.04, t-test of transform-
ed data). No significant differences in
IL-1b production by LPS-activated pe-
ripheral blood PMN, or in TNF-a syn-
thesis by either oral or peripheral PMN
were found (data not shown).

Analysis of cytokine synthesis by
PMN of patients with the different
cytokine genotypes revealed no statisti-
cally significant correlations between
genotype and level of production. How-
ever, there was a trend towards in-
creased IL-1b production by oral PMN

in patients with advanced disease who
possessed the IL-1bπ3953 allele 2 com-
pared to those lacking allele 2 (74∫29.2
pg/2¿106 PMN versus 37.1∫11.6 pg/
2¿106 PMN, respectively).

Discussion

IL-1b and TNF-a are proinflammatory
cytokines that have received a consider-
able amount of attention as potentially
pathogenic factors in periodontal dis-
ease because of their effects on bone
and fibroblast metabolism (Takeshita et
al. 1992, DuFour et al. 1993, Manolag-
as 1995, Offenbacher 1996, Wondimu &
Modeer 1997). Numerous reports have
described increased levels of these cyto-
kines in crevicular fluid and periodontal
tissues of patients with periodontitis
(Masada et al. 1990, Rossomando et al.
1990, Stashenko et al. 1991, Tokoro et
al. 1996, Roberts et al. 1997), and there
is evidence that antagonists of IL-1 and
TNF can inhibit bone loss associated
with induced periodontitis in animal
models (Assuma et al. 1998). The
source of these cytokines in the in-
flamed periodontium includes several
cell types (Agarwal et al. 1995, Hendley
et al. 1995, Hillmann et al. 1995, Takah-
ashi et al. 1995, Galbraith et al. 1997).
In our studies we have focused on cyto-
kine production by PMN, since these
cells constitute the largest population in
gingival crevicular fluid, and synthesize
significant amounts of both IL-1b and
TNF-a in situ (Hendley et al. 1995,
Galbraith et al. 1997).

We hypothesized that if these cyto-
kines are indeed involved in the patho-

genesis of periodontitis, then their in-
creased synthesis could play a role in
disease progression. Of the many fac-
tors that regulate cytokine gene func-
tion, gene polymorphisms are of par-
ticular interest in the context of diseases
known to have a genetic predisposition.
The IL-1 and TNF genes include sev-
eral single base transition polymorph-
isms, in addition to microsatellite and
variable number tandem repeat poly-
morphisms (Jongeneel et al. 1991, Poci-
ot et al. 1992, Wilson et al. 1992, Tarlow
et al. 1993, McDowell et al. 1995). The
bi-allelic IL-1bπ3953 and TNF-aª308

RFLPs are examples of polymorphisms
involved with regulation of gene func-
tion; in each instance the less common
allele 2 has been found to be associated
with increased cytokine production (Po-
ciot et al. 1992, Kroeger et al. 1997,
Wilson et al. 1997, Louis et al. 1998).

The inevitable search for disease as-
sociations with these polymorphic
markers has resulted in a flurry of posi-
tive findings. For example, the frequency
of IL-1bπ3953 allele 2 was increased in
patients with myasthenia gravis (Huang
et al. 1998), and the TNF-aª308 allele 2
was identified as a marker of severity in
infectious diseases such as cerebral ma-
laria, mucocutaneous leishmaniasis,
meningococcal disease, and lepromat-
ous leprosy (McGuire et al. 1994, Cab-
rera et al. 1995, Nadel et al. 1996, Roy et
al. 1997). Kornman et al. (1997) first re-
ported that IL-1bπ3953 allele 2, in combi-
nation with IL-1aª889 allele 2, was sig-
nificantly increased in patients with ad-
vanced adult periodontitis compared to
those with early disease. In the same
study, these authors found no differences
between the two patient groups in the
distribution of TNF-aª308 alleles. In
contrast, we previously reported an as-
sociation between severity of peri-
odontal disease and IL-1bπ3953 allele 2
alone, in a small sample population
(Gore et al. 1998).

One of the most notable findings of
the study reported here was the con-
firmation that the IL-1bπ3953 allele 2
frequency was significantly increased in
patients with advanced adult peri-
odontitis compared to the referent
population, and subjects possessing this
allele were more than 3 times more
likely to have advanced disease. These
findings differ from those of Kornman
et al. (1997) in several ways. First, the
association with IL-1bπ3953 allele 2 was
not dependent on the simultaneous
presence of IL-1aª889 allele 2. However,
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we have previously shown that IL-
1bπ3953 allele 2 and IL-1aª889 allele 2
are in significant linkage disequilib-
rium, which may account for this dis-
crepancy (Gore et al. 1998). Second, the
composite genotype association re-
ported by Kornman et al. was only de-
monstrable in non-smoking patients
with advanced disease. Smoking is a
major risk factor for periodontitis (Sal-
vi et al. 1997); indeed, in the present
study, the majority (75%) of patients
with severe periodontitis were smokers,
as opposed to only 15% of the subjects
with plaque associated gingivitis. Of the
five non-smokers in the advanced dis-
ease group, two possessed the IL-
1bπ3953 allele 2.

No significant correlation between
IL-1bπ3953 genotype and IL-1b produc-
tion was found in this study, although a
trend to increased synthesis by oral
PMN was observed in patients with IL-
1bπ3953 allele 2. A recurrent problem
with studies of cytokine production is
the wide variation between individuals,
as previously reported by us and others
(Galbraith et al. 1997, Mølvig et al.
1988, McFarlane et al. 1990, Kjeldsen
et al. 1995). However, although original
studies by Pociot et al. (1992) showed
increased IL-1b production in vitro in
association with IL-1bπ3953 allele 2, a
more recent study by Santtila et al.
(1998) failed to confirm this finding.
This aspect must be further investigated
using a considerably larger population
sample size.

An unexpected finding in the current
study was the significant increase in fre-
quency of the TNF-aª308 1,1 genotype
in advanced periodontitis compared to
gingivitis, although the odds ratio of
10.2 must be viewed with caution be-
cause of the wide confidence intervals.
As mentioned above, this was not found
by Kornman et al. (1997). Further-
more, in our previous studies, which in-
cluded a small number of patients with
advanced disease, we were unable to de-
tect a significant association (Galbraith
et al. 1998). The association between
the TNF-aª308 1,1 genotype and severe
disease, and, conversely, the association
between the 1,2 genotype and gingivitis,
is difficult to interpret. The majority of
previous reports have suggested that al-
lele 2 is the marker of disease severity,
as discussed above, and this has been
ascribed to the upregulatory influence
of allele 2 on TNF-a production (Kro-
eger et al. 1997, Wilson et al. 1997).
Interestingly, in our previous studies of

alopecia areata, a common inflamma-
tory skin disease, we also found an as-
sociation of the 1,2 genotype with the
less severe form of disease (Galbraith &
Pandey 1995). However, the TNF-aª308

allele 1 has been shown to be signifi-
cantly associated with HLA DR 4 and
6 alleles [whereas allele 2 is in linkage
disequilibrium with the DR3 allele
(Wilson et al. 1993)]. In this context, it
should be noted that although few
HLA association studies have been per-
formed in adult periodontitis, Katz et
al. (1987) reported the presence of HLA
DR4 in eight of ten patients with rapid-
ly progressing periodontitis. Further
studies will be necessary to determine if
the TNF-aª308 allele 1 homozygosity is
associated with DR4 expression in se-
vere adult periodontitis.
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Zusammenfassung

Polymorphe Cytokin-Genotype als Marker
der Erkrankungsschwere bei der adulten Par-
odontitis
Die Verteilungen des biallenen Interleukin-
1bπ3953 und Tumornekrosefaktors aª308 Ge-
notyps wurden bei 20 Patienten mit fortge-
schrittener Erwachsenen-Parodontitis, bei 20
Patienten mit plaque-assoziierter Gingivitis
und bei 45 Referenzpersonen bestimmt. Eine
signifikante Erhöhung der IL-1bπ3953 Allel2-
Frequenz wurde bei Patienten mit fortge-
schrittener Parodontitis im Vergleich zu den
Referenzpersonen gefunden (Fisher’s exakter
Test; pΩ0.013). Zusätzlich war die Häufigkeit
des TNF-aª308 Allel1 signifikant größer bei
Patienten mit fortgeschrittener Erkrankung,
wenn mit den Personen mit plaque-assoziier-
ter Gingivitis verglichen wurde (Fisher exak-
ter Test; pΩ0.014). Zwischen dem Genotyp
und der Cytokinproduktion bei diesen Pati-
enten wurde keine signifikante Korrelation
beobachtet.

Résumé

Génotypes de cytokine polymorphiques en tant
que marqueurs de la sévérité de la maladie
dans la parodontite de l’adulte
Les répartitions de l’interleucine-1bπ3953 bi-
allélique et des génotypes facteur aª308 de
nécrose tumorale ont été déterminées chez 20
patients avec parodontite adulte avancée, 20
autres avec gingivite due à la plaque dentaire
et 45 sujets de référence. Une augmentation

significative de la fréquence de l’allèle d’IL-
1bπ3953 a été trouvée chez les patients avec
parodontite avancée comparés aux sujets de
référence (test exact de Fisher; pΩ0.013). De
plus la fréquence de l’allèle 1TNF-aª308 était
significativement plus importante chez les pa-
tients avec maladie avancée comparés à ceux
qui avaient une gingivite associée à la plaque
dentaire (test exact de Fisher; pΩ0.014). Au-
cune relation significative n’a été observée
entre le génotype et la production de cytoki-
ne dans ces groupes de patients.
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