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Abstract
Background: Severe forms of periodontitis are suggested to have a genetic basis.

Objective: The aim of the present investigation was to study the association of gene
polymorphisms related to some immune regulation components (G-308A TNFA,
Q551R IL-4RA and C-159T CD14) with severe chronic periodontitis.

Materials and Methods: Sixty patients (aged 36–74 years; mean 54.5 � 8.5) with
severe and generalized chronic periodontitis were included. The patients exhibited
bone loss 450% at all teeth. Thirty-nine periodontally healthy subjects between 35
and 78 years of age (mean 51.0 � 10.9) were recruited as controls. DNA was isolated
from peripheral blood cells and genotyping was performed by combination of PCR and
restriction endonuclease mapping.

Results: While gene polymorphisms for TNFA and IL-4RA did not show any
association with severe chronic periodontitis, the analysis of the � 159 CD14 gene
polymorphism revealed significant differences between test and control groups. The
proportion of subjects that exhibited the TT genotype was significantly smaller in the
group with severe periodontitis than in periodontal healthy group (p5 0.028; Fisher’s
exact test). The C allele carriage was 90% in the periodontitis group and significantly
higher than in the healthy control group (72%).

Conclusion: It is suggested that the � 159 CD14 gene polymorphism is associated
with chronic periodontitis in Caucasian subjects of a north European origin.
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The most common form of periodontitis
has been reported to affect about 30–
40% of an adult population and appro-
ximately 10% of the subjects exhibit

severe disease (Papapanou & Lindhe
2003). Michalowicz et al. (1991, 1994,
2000) estimated that genetic factors
may account for 50% of the variation

seen in periodontal disease expression in
humans.

The aetiopathogenesis of periodontitis
appears to be multifactorial and involves
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a series of events of host response to
microbial challenge.

The specific inflammatory and immu-
nological reactions that occur as a response
to the challenge from predominantly
Gram-negative microorganisms are of
specific interest and critical parts of the
immune control have been analysed in
subjects with advanced periodontitis
(Kinane et al. 2003).

The tumour necrosis factor (TNF) is
an important mediator in inflammatory
reactions and appears to play a central
role in the pathogenesis of severe chronic
inflammatory diseases (Beutler & Cerami
1989). Differences in the rate of produc-
tion of TNF have been demonstrated and
a familial ability to produce higher or
lower cytokine levels seems to exist
(Pociot et al. 1993). The TNF synthesis
may be influenced by the presence of
certain gene polymorphisms (Duff 1994,
Wilson & di Giovine 1995) and conflict-
ing results have been reported regarding
the association of � 308 TNFA gene
polymorphism and periodontitis (Korn-
man et al. 1997, Galbraith et al. 1998,
1999, Craandijk et al. 2002).

Findings from previous studies have
revealed that subjects with severe chro-
nic periodontitis exhibit large propor-
tions of B cells (B-2 and B-1) in the
gingival lesion and in peripheral blood
(Afar et al. 1992, Berglundh et al. 2002).
The cytokines related to B-cell prolif-
eration and activation may be of impor-
tance in the development of chronic
periodontitis (Berglundh et al. 2003).

One of the cytokines, interleukin-4
(IL-4), is produced by T helper 2 cells
and binds to the IL-4 receptor (IL-4R) of
B cells (for a review see Gemmell et al.
1997, 2002). Variations in the IL-4RA
gene have been associated with different
human disorders (Hershey et al. 1997,
Kruse et al. 1999, Mitsuyasu et al.
1999). The gene polymorphism at the
position 551 at the promoter region was
shown to be associated also with Sys-
temic lupus erythematosus and primary
Sjögren’s syndrome (Youn et al. 2000).
No data are available concerning the
possible association of IL-4RA gene
polymorphisms and periodontal disease.

The CD14 receptor (mCD14) is a gly-
coprotein that is expressed primarily on
the surface of monocytes, macrophages,
neutrophils and gingival fibroblasts, and
is involved in the process of cellular
response to bacterial lipopolysaccharides
(LPS). A soluble form of CD14 (sCD14)
is present in serum and derives both from
enzymatically cleaved glycosyl-phosphati-

dylinositol-anchored mCD14 and from
secretion of CD14 (Haziot et al. 1988,
Ulevitch & Tobias 1995). Furthermore,
the LPS-induced upregulation of CD14
seems to elicit an increased production of
IL-12 by antigen-presenting cells (Cleve-
land et al. 1996).

The aim of the present investigation
was to study the association of some
immune regulation gene polymorphisms
(G-308A TNFA, Q551R IL-4RA and
C-159T CD14) with severe chronic
periodontitis.

Material and Methods

Two groups of Caucasian subjects were
included. The test group consisted of 60
patients (28 females and 32 males, aged
36–74 years; mean 54.5 � 8.5) with gen-
eralized, severe chronic periodontitis
(Consensus Report 1999). The patients
were recruited from the Clinic of Perio-
dontics, Gothenburg and exhibited bone
loss 450% at all teeth. Prior to perio-
dontal therapy they all had probing pocket
depths 46 mm and bleeding on probing
at 480% of the proximal sites. Sets of
intra-oral radiographs were obtained using
a standardized parallel technique (Eggen
1969). In the radiographs, the distance
between the cemento-enamel junction
(CEJ) and the most coronal level of the
bone crest (BC) was assessed at the mesial
and distal aspects of each tooth. For
details regarding the radiographic mea-
surements, see Berglundh et al. (1998).

Thirty-nine periodontally healthy
subjects (24 females and 15 males)
between 35 and 78 years of age (mean
51.0 � 10.9) were also recruited (Con-
trol group). The subjects in this group
demonstrated normal radiographic bone
levels, i.e. a distance of o3 mm bet-
ween the CEJ and BC at 495% of the
proximal tooth sites.

The study protocol was approved by
the local human review board and prior
to enrollment the subjects of the two
groups received information regarding
the purpose of the study. None of the
subjects had a known systemic disorder
that could have affected the periodontal
conditions. Smoking habits with regard
to present smoker and never smoked
were recorded in both groups.

Blood samples, DNA separation and
genotype detection

Samples of peripheral blood were
obtained by venipuncture from the arm

vein of each subject. The 20 ml blood
sample collected in EDTA tubes was
given a code and was stored in � 701C
until further processing.

DNA from EDTA blood was extrac-
ted by a modification of a previously
described method (Kawasaki 1990) or
by ‘‘salting-out’’ method.

Genotyping for the C-159T CD14
and for the Q551R and V75I IL-4RA
polymorphisms was performed by restric-
tion endonuclease mapping. Briefly, in
PCR mixture with 1.25 U of AmpliTaq
Gold and 2 mM of MgCl2 (Applied
Biosystems, Foster City, CA, USA) 5–
30 ng of template DNA was added and
amplification was run using the Gene-
Amp PCR System 9600 (Perkin Elmer,
Norwalk, CT, USA) with 12 min. 941C
hot start, 30 s 941C, 30 s 601C and 60 s
of 721C (35 cycles for CD14 and 30
cycles for IL-4RA), followed by 5 min.
of extension at 721C. Resulting PCR
product was digested by HpyCH4 III
(for C-159T CD14) or MspI (for
Q551R). Each method includes conser-
vative recognition sites for control
digestion. Sequences of the primers
may be obtained from the authors on
request. Electrophoresis in polyacryla-
mide gel was performed exactly as
previously reported (Padyukov et al.
2001a). Detection of � 308 TNFA poly-
morphism was described earlier (Hahn-
Zoric et al. 2003).

Statistical analysis

The distribution of frequencies of geno-
types for each group was compared using
the chi-squared test, while the frequencies
of allele carriage and the allele frequency
in the test and control group were com-
pared using Fisher’s exact test. All ana-
lyses, except for the allele frequency
assessment, were performed using the
subject as the statistical unit, i.e. n5 60
(test; severe chronic periodontitis) and
n5 39 (control), respectively. Compar-
isons of allele frequencies were per-
formed using the chromosome as the
statistical unit.

All genetic markers in the present
study were found to be in Hardy–Wein-
berg equilibrium.

Results

The amount of the bone loss assessed in
the radiographs from the periodontitis
group has already been reported in Berg-
lundh et al. (2003). In brief, the bone
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loss, varied between 7.7 and 13.6 mm
(mean 9.0 � 1.4 mm).

TNFA genotype frequencies

The results from the assessment of
G-308A TNFA genotype frequencies
for the subjects in both groups are
reported in Table 1. The distribution of
the different genotypes within test group
did not differ from that in the controls
(p5 0.653; chi-squared). The homozy-
gous TNF1/TNF1 genotype was
detected in 78.3% (47 out of 60) of the
subjects with advanced periodontitis and
in 82% (32 out of 39) of the perio-
dontally healthy individuals. The homo-
zygous TNF2/TNF2 genotype was not
detected in any of the groups. Hetero-
zygous state TNF1/TNF2 occurred in
21.7% of the test group and in 18% of
the control group.

Similarly, the distribution of geno-
types within the fraction of non-smokers
(Table 1) did not differ between the two
groups of subjects (p5 0.953; chi-
squared test). Almost similar propor-
tions of patients in the test and control
group exhibited the homozygous TNF1/
TNF1 genotype (80% versus 79.4%)

and the heterozygous TNF1/TNF2 gen-
otype (20% versus 20.6%).

IL-4RA genotype frequencies

The results from the assessment of IL-
4RA genotype frequencies for all sub-
jects in both groups are reported in
Table 2. Three samples (two test and
one control) out of 99 samples could not
be analysed regarding the IL-4RA gen-
otypes. The distribution of the different
genotypes in the remaining samples did
not differ between test and controls
(p5 0.455; chi-squared). Similar obser-
vations were made with respect to the
fraction of non-smoking subjects (Table
2) (p5 0.710).

CD14 genotype frequencies

The results from the assessment of
CD14 genotype frequencies for all sub-
jects and for non-smokers in the two
groups are presented in Table 3. The CC
genotype was found in 33% (20 out of 60)
of the subjects with severe periodontitis
and in 23% (nine out of 39) of perio-
dontally healthy individuals. The CT
genotype occurred in 56% of test

subjects and in 48% of controls. The
subjects with severe periodontitis exhib-
ited the homozygous TT genotype in
10% of the cases while in the perio-
dontally healthy subjects the corre-
sponding frequency was 28%. The
analysis of the distribution of genotypes
in the fraction of non-smokers revealed
similar findings as made for all subjects
(p5 0.053 and 0.058; chi-squared test,
respectively).

Frequencies of the allele carriage in TNFA

gene

In Table 4 the frequencies of TNF2
allele carriage, i.e. the proportion of
the subjects in the two groups carrying
at least one TNF2 allele are reported.

Since no TNF2/TNF2 genotype were
detected in both the groups, the data
that show the frequencies of the
TNF2 allele carriage are similar to those
describing the distribution of the TNFA
genotypes (Table 1). No statistical dif-
ferences were detected for all sub-
jects (p5 0.799; Fisher’s exact test)
or for non-smokers (p5 1.00; Fisher’s
exact test).

Frequencies of IL-4RA allele carriage

The frequencies of Q allele carriage, i.e.
the proportion of subjects in the two
groups carrying at least one Q allele, are
reported in Table 5. The majority of the
subjects were QQ or QR genotypes in
both groups (96.5% and 92.1%, respec-
tively) and no statistical differences
were found between the test (n5 60)
and control group (n5 39) for the entire
cohort (p5 0.381; Fisher’s exact test) or
for the non-smoking category of sub-
jects (p5 1.00; Fisher’s exact test). The
frequencies of the R allele carriage are
reported in Table 6. The differences
between test and control subjects were
not statistically significant (p5 0.676,
all subjects; p5 0.616, non-smokers).

Frequencies of CD14 allele carriage

The frequencies of the C allele carriage
are described in Table 7. The percentage
of subjects within the periodontitis
group that had no allele C (i.e. TT
genotype) was 10.0%. The correspond-
ing figure for the control group was
28.2%. This difference was statistically
significant (p5 0.028) and was consis-
tent with the corresponding comparison
made within the fraction of non-smokers
(p5 0.025). On the other hand, the

Table 1. Distribution of G-308A TNFA genotypes for all subjects and the fraction of non-
smokers in the periodontitis and control groups; number and (%) of subjects

Genotype All subjects Non-smokers

n5 60, periodontitis n5 39, control n5 30, periodontitis n5 34, control

TNF1/TNF1 47 (78.3) 32 (82.0) 24 (80.0) 27 (79.4)
TNF1/TNF2 13 (21.7) 7 (18.0) 6 (20.0) 7 (20.6)

All subjects: p5 0.653 (chi-squared test); non-smokers: p5 0.953 (chi-squared test).

Table 2. Distribution of Q551R IL-4RA genotypes for all subjects and the fraction of non-
smokers in the periodontitis and control groups; number and (%) of subjects

Genotype All subjects Non-smokers

n5 60, periodontitis n5 39, control n5 30, periodontitis n5 34, control

QQ 32 (55.2) 23 (60.5) 16 (53.3) 20 (60.6)
QR 24 (41.4) 12 (31.6) 12 (40.0) 10 (30.3)
RR 2 (3.4) 3 (7.9) 2 (6.7) 3 (9.1)

All subjects: p5 0.455 (chi-squared test); non-smokers: p5 0.710 (chi-squared test).

Table 3. Distribution of C-159T CD14 genotypes for all subjects and the fraction of non-smokers
in the periodontitis and control groups; number and (%) of subjects

Genotype All subjects Non-smokers

n5 60, periodontitis n5 39, control n5 30, periodontitis n5 34, control

CC 20 (33.3) 9 (23.1) 8 (26.7) 9 (26.5)
CT 34 (56.7) 19 (48.7) 20 (66.7) 15 (44.1)
TT 6 (10.0) 11 (28.2) 2 (6.6) 10 (29.4)

All subjects: p5 0.058 (chi-squared test); non-smokers: p5 0.053 (chi-squared test).
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analysis of the T allele carriage (Table
8) revealed no differences between the
groups.

Allele frequency (C and T) in CD14 genes

The C allele frequency for the entire
cohort was 61.7% in the test and 47.5%
in the control group (Table 9). The
corresponding figures for the non-smok-
ing fraction of subjects were 60.0% and
48.5%, respectively. T allele occurred in
38.3% of the test subjects and in 52.4% of
all control individuals. This difference
was statistically significant (p50.049).
Non-smokers exhibited T allele frequen-
cies of 40.0% in the periodontitis group
and 51.5% in the control group.

Discussion

The present investigation was carried
out to study the association of some
immune regulation gene polymorphisms
with severe chronic periodontitis. It was
demonstrated that gene polymorphisms
for TNFA and IL-4RA did not show any
association with severe chronic perio-
dontitis. The analysis of the � 159
CD14 gene polymorphism, however,
revealed significant differences between
test and control groups. Thus, the pro-
portion of subjects that exhibited the TT
genotype was significantly smaller in
the group with severe periodontitis
than in periodontal healthy group. Fur-
ther, the C allele carriage was 90%
in the periodontitis group and signifi-
cantly higher than in the healthy control
group (72%).

It is therefore suggested that the
� 159 CD14 gene polymorphism is
associated with chronic periodontitis in
Caucasian subjects of a north European
origin.

TNF-A and IL-4RA gene polymorphisms

Galbraith et al. (1998) described TNF-a
genotypes of three bi-allelic polymorph-
isms in 32 Caucasian patients with adult
periodontitis and in 32 healthy matched
controls. No differences in the distribu-
tion of TNFA alleles of the � 238,
� 308 or 1252 gene polymorphisms
were observed between patients and
controls or between patients with differ-
ent disease severity. Craandijk et al.
(2002) analysed the occurrence of four
bi-allelic polymorphisms in the TNFA
gene (at positions � 376, � 308, � 238
and 1489) in 90 periodontitis patients

Table 4. G-308A TNFA allele carriage: number and (%) of subjects carrying any or no TNF2
allele in the periodontitis and control groups (all subjects and the fraction of non-smokers)

Allele All subjects Non-smokers

n5 60,
periodontitis

n5 39,
control

n5 30,
periodontitis

n5 34,
control

Any TNF2 allele (TNF2/TNF2 or
TNF1/TNF2 genotypes)

13 (21.7) 7 (18.0) 6 (20.0) 7 (20.6)

No TNF2 allele (TNF1/TNF1 genotype) 47 (78.3) 32 (82.0) 24 (80.0) 27 (79.4)

All subjects: p5 0.799 (Fisher’s exact test); non-smokers: p5 1.00 (Fisher’s exact test).

Table 5. Q551R IL-4RA allele carriage: number and (%) of subjects carrying any or no allele Q
in the periodontitis and control groups (all subjects and fractions of non-smokers)

Allele All subjects Non-smokers

n5 58,
periodontitis

n5 38,
control

n5 30,
periodontitis

n5 33,
control

Any Q allele (QQ or QR genotypes) 56 (96.5) 35 (92.1) 28 (93.3) 30 (90.9)
No Q allele (RR genotype) 2 (3.5) 3 (7.9) 2 (6.7) 3 (9.1)

All subjects: p5 0.381 (Fisher’s exact test); non-smokers: p5 1.00 (Fisher’s exact test).

Table 6. Q551R IL-4RA allele carriage: number and (%) of subjects carrying any or no allele R in
the periodontitis and control groups (all subjects and non-smokers)

Allele All subjects All subjects

n5 58,
periodontitis

n5 38,
control

n5 30,
periodontitis

n5 33,
control

Any R allele (RR or QR genotypes) 26 (44.8) 15 (39.5) 14 (46.7) 13 (39.4)
No R allele (QQ genotype) 32 (55.2) 23 (60.5) 16 (53.3) 20 (60.6)

All subjects: p5 0.676 (Fisher’s exact test); non-smokers: p5 0.616 (Fisher’s exact test).

Table 7. C-159T CD14 allele carriage: number and (%) of subjects carrying any or no allele C in
the periodontitis and control groups (all subjects and non-smokers)

Allele ALL sujects Non-smokers

n5 60,
periodontitis

n5 39,
control

n5 30,
periodontitis

n5 34,
control

Any C allele (CC or CT genotypes) 54 (90.0) 28 (71.8) 28 (93.3) 24 (70.5)
No C allele (TT genotype) 6 (10.0) 11 (28.2) 2 (6.7) 10 (29.5)

All subjects: p5 0.028 (Fisher’s exact test); non-smokers: p5 0.025 (Fisher’s exact test).

Table 8. C-159T CD14 allele carriage: number and (%) of subjects carrying any or no allele T in
the periodontitis and control groups (all subjects and non-smokers)

Allele All subjects Non-smokers

n5 60,
periodontitis

n5 39,
control

n5 30,
periodontitis

n5 34,
control

Any T allele (TT or CT genotypes) 40 (66.7) 30 (76.9) 22 (73.3) 25 (73.5)
No T allele (CC genotype) 20 (33.3) 9 (23.1) 8 (26.7) 9 (26.5)

All subjects: p5 0.366 (Fisher’s exact test); non-smokers: p5 1.0 (Fisher’s exact test).
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and in 264 reference controls selected
from the blood bank samples. No differ-
ences between test and control subjects
were found for any of the four TNFA
polymorphisms studied. The lack of
association between TNFA polymorph-
ism and periodontitis reported by Gal-
braith et al. (1998) and Craandijk et al.
(2002) is consistent with observations
made in the present investigation.

In the current study it was also
demonstrated that no differences in the
occurrence of the Q551R IL-4RA poly-
morphism was found between subjects
with severe chronic periodontitis and
healthy controls. It has been suggested
that the lack of IL-4 may lead to con-
tinuous accumulation of macrophages in
periodontitis lesions and that this
recruitment of cells is regulated by the
expression of IL-4R (Yamamoto et al.
1996, 1997). Apparently, previously
demonstrated B-cell proliferation and
activation seem not to be associated
with the IL-4RA polymorphism.

CD14 studies

It has been demonstrated that the C to T
transition at position � 159 is related to
the production of the sCD14 (Baldini
et al. 1999). Baldini et al. (1999)
reported that subjects with the homozy-
gous TT genotype exhibited signifi-
cantly higher sCD14 levels than
individuals with CC and CT genotypes.
This finding indicates that variations in
the promoter region of the CD14 gene
may change the production of CD14
and, also influence the balance between
Th2 and Th1 cells in the response to a
bacterial challenge.

Holla et al. (2002) studied two CD14
gene polymorphisms (at positions
� 159 and � 1359) in relation to the
severity of chronic periodontitis in sub-
jects of a Czech ethnicity. It was
reported that the distribution of the
genotypes did not differ between perio-

dontitis subjects and healthy controls.
Holla et al. (2002) further reported that
the frequency of the C allele carriage
(TT versus CT1CC genotypes) tended
to be larger in subjects with severe
periodontitis than in subjects with mod-
erate periodontitis. This finding is not in
agreement with observations made in
the present study. Thus, the distribution
of genotypes in the current material
tended to differ between test and control
subjects with regard to all subjects
(p5 0.058) as well as in the non-smok-
ing fraction of subjects (p5 0.052). In
other words, a higher frequency of the
TT genotype was found in the control
group than in the periodontitis group.
Furthermore, the analysis of the present
samples revealed a statistically signifi-
cant difference between test and control
regarding the carriage of allele C, once
again demonstrating that the TT geno-
type occurred in a larger proportion of
control subjects (28.2%) than in subjects
with severe chronic periodontitis
(10.0%).

The reasons for the conflicting results
in the present study and in the study by
Holla et al. (2002) are not presently
understood but may be related to the
inclusion criteria of subjects in the test
and control groups as well as differences
in genetic structure of the populations.

Yamazaki et al. (2003) reported on
the occurrence of the � 159 CD14 gene
polymorphism in a Japanese population.
It was demonstrated that genotype dis-
tribution (CT, CC or TT) and the allele
frequency did not differ between perio-
dontitis patients and control subjects.
Also the results reported by Yamazaki
et al. (2003) regarding the � 159 CD14
gene polymorphism are in contrast with
the findings made in the present inves-
tigation. In particular, a smaller propor-
tion of the subjects in the test group in
the current study exhibited the TT geno-
type as compared with the test subjects
in the study by Yamazaki et al. (2003).

While differences may exist with
respect to inclusion criteria in test and
control groups in the present material
and the study by Yamazaki et al. (2003),
other reasons, such as ethnic origin
of subjects must be considered. In
the current sample Caucasians of a
north European origin were included,
while the participants in the study by
Yamazaki et al. (2003) were Japanese.
Recently, cytokine selected gene poly-
morphisms were analysed in an Asian
population (Hong Kong Chinese)
(Padyukov et al. 2001b). It was demon-
strated that an allele in a certain position
was found to be very rare in the Chinese
population, while in the Swedish Cau-
casian population this allele was more
frequently represented. This means that
the interpretation of findings regarding
gene polymorphisms must also be
related to the ethnic origin of the
population.

The results obtained in the present
study revealed an association of the
� 159 CD14 gene polymorphism and
severe chronic periodontitis in Swedish
Caucasians. On the other hand, no asso-
ciations with the � 308 TNFA and the
551 IL-4RA gene and chronic perio-
dontitis were demonstrated.

Further studies on CD14 gene poly-
morphisms and the biological functions
related to the interactions between LPS
and CD14 or toll-like receptor 4 are
needed in order to elucidate the influ-
ence of this gene polymorphism in the
pathogenesis of periodontal disease.

Acknowledgements

This study was supported by grants from
the Swedish Medical Research Council
(K2001-24X-09440-11B).

References

Afar, B., Engel, D. & Clark, E. A. (1992)

Activated lymphocyte subsets in adult perio-

dontitis. Journal of Periodontal Research 27,

126–133.

Baldini, M., Lohman, I. C., Halonen, M., Erick-

son, R. P., Holt, P. G. & Martinez, F. D.

(1999) A polymorphismn in the 50 flanking

region of the CD14 gene is associated with

circulating soluble CD14 levels and with total

serum immunoglobulin E. American Journal

of Respiratory Cell and Molecular Biology

20, 976–983.

Berglundh, T., Donati, M., Hahn-Zoric, M.,

Hanson, L. A. & Padyukov, L. (2003) Asso-

ciation of the � 1087 IL 10 gene polymorph-

ism with severe chronic periodontitis in

Table 9. Allele frequency for � 159 CD14 polymorphism: number and (%) of chromosomes
positive for the allele T and C in the periodontitis and control groups (all subjects and non-
smokers)

Allele All subjects Non-smokers

n5 120,
periodontitis

n5 78,
control

n5 60,
periodontitis

n5 68,
control

Allele C 74 (61.7) 37 (47.4) 36 (60.0) 33 (48.5)
Allele T 46 (38.3) 41 (52.6) 24 (40.0) 35 (51.4)

All subjects: p5 0.057 (Fisher’s exact test); non-smokers: p5 0.216 (Fisher’s exact test); all

subjects: p5 0.049 (chi-squared test); non-smokers: p5 0.194 (chi-squared test).

478 Donati et al.



Swedish Caucasians. Journal of Clinical

Periodontology 30, 249–254.

Berglundh, T., Lijenberg, B., Tarkowski, A. &

Lindhe, J. (1998) Local and systemic TCR V

gene expression in advanced periodontal dis-

ease. Journal of Clinical Periodontology 25,

125–134.

Berglundh, T., Liljenberg, B., Tarkowski, A. &

Lindhe, J. (2002) Local and systemic auto-

reactive B cells in advanced periodontitis.

Journal of Clinical Periodontology 29, 281–

286.

Beutler, B. & Cerami, A. (1989) The biology of

TFN, a primary mediator of the host

response. Annual Review of Immunology 7,

625–655.

Cleveland, M. G., Gorham, J. D., Murphy, T. L.,

Toumanen, E. & Murphy, K. M. (1996)

Lipoteichooic acid preparations of gram-

positive bacteria induce interleukin-12

through a CD14-dependent pathway. Infec-

tion and Immunity 64, 1906–1912.

Consensus Report (1999) Chronic periodontitis.

Annals of Periodontology 1999 4, 38–39.

Craandijk, J., van Krugten, M. V., Verweij, C.

L., van der Velden, U. & Loos, B. G. (2002)

Tumor necrosis factor-alpha gene poly-

morphisms in relation to periodontitis. Jour-

nal of Clinical Periodontology 29, 28–34.

Duff, G. W. (1994) Molecular genetics of

cytokines. In: Thomson, A. (ed). The Cyto-

kine Handbook, 2nd edition, pp. 21–30. Lon-

don: Academic Press.

Eggen, S. (1969) Standardiserad intraoral röng-
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ningen 17, 867–872.

Galbraith, G. M., Hendley, T. M., Sanders, J. J.,

Palesch, Y. & Pandey, J. P. (1999) Poly-

morphic cytokine genotypes as markers of

disease severity in adult periodontitis. Jour-

nal of Clinical Periodontology 26, 705–709.

Galbraith, M. P., Britt Steed, R., Sanders, J. J. &

Pandey, J. P. (1998) Tumor necrosis factor

alpha production by oral leukocytes: influ-

ence of TNF genotype. Journal of Perio-

dontology 69, 428–433.

Gemmell, E., Marshall, R. I. & Seymour, G. J.

(1997) Cytokine and prostaglandins in

immune homeostasis and tissue distraction

in periodontal disease. Periodontology 2000

14, 112–143.

Gemmell, E., Yamazaki, K. & Seymour, G. J.

(2002) Destructive periodontitis lesions are

determined by the nature of the lymphocytic

response. Critical Reviews in Oral Biology

and Medicine 13, 17–34.

Hahn-Zoric, M., Hytönen, A. M., Hanson, L. Å.,
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