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Association of interleukin-6 (IL-6) haplotypes with plaque-induced
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Abstract

Objectives. The proinflammatory cytokine interleukin-6 (IL-6) is a key regulator of the host response to microbial infection
and major modulator of extracellular matrix catabolism and bone resorption. The aim of this case-control study was to test
differences between children with and without gingivitis in the distribution of IL-6 alleles at positions —174, —572, and
—597 and their haplotypes. Material and methods. A total of 455 Caucasian children, aged 11 to 13 years, were enrolled
in this study. According to gingival bleeding on probing indices, 183 were classified as healthy subjects and 272 as children
with plaque-induced gingivitis. DNA for genetic analysis was obtained from buccal epithelial cells and PCR-RFLP methods
were used for genotyping three selected IL-6 promoter polymorphisms. Results. Complex analysis revealed significant
differences in haplotype frequencies between patients and healthy subjects (p <0.01). The CGA haplotype was significantly
more frequent in children with gingivitis than in healthy subjects (41.5% versus 34.1%). In subanalyses, we found that IL-6
—174C allele was more frequent in patients (44.3%) than in healthy children (36.1%, p =0.016, P.,.. <0.05). Multivariate
logistic regression analysis showed that allele C remained a risk factor for gingivitis in children (p =0.03) regardless of
plaque or gender. However, the proportions of the IL-6 —597 and —572 genotypes were comparable between the two
groups. Conclusions. Our results indicate that the three promoter polymorphisms in the IL-6 gene act in a cooperative
fashion and suggest that I1.-6 haplotypes could play a role in the pathogenesis of gingivitis in Caucasian children.
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Introduction population of susceptible individuals. Although pla-
que and calculus are the major developing factors in
this form of gingival disease, the host response that
involves complex interactions between cells, the ex-
tracellular matrix, and circulating cytokines also plays
an important role [2]. Allelic variations in cytokine

genes and factors regulating their expression result in

Periodontal diseases (gingivitis and periodontitis) are
inflammatory processes of the gingiva and support-
ing structures of teeth induced by a microbial
biofilm, but individual differences in the host im-
mune response to infection may affect susceptibility
and severity of the disease.

According to a new classification [1], gingival
diseases can be divided into four major groups:
(a) dental plaque-induced gingival diseases, (b) gin-
gival diseases modified by systemic factors, (c) gingi-
val diseases modified by medications, and (d) gingival
diseases modified by malnutrition. Plaque-induced
gingivitis is the most common form of the periodontal
diseases, affecting a significant proportion of the

phenotypic differences in cytokine responses between
individuals [3]. Increased expression of interleukin-6
(IL-6) mRNA and crevicular levels of IL-6 have been
found in patients with gingivitis and periodontitis,
suggesting a potential role of the IL-6 gene for
susceptibility to periodontal diseases [4,5].

IL-6 is a pleiotropic cytokine with a broad range of
effects, including differentiation and/or activation of
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macrophages and T cells, growth and differentiation
of B cells, stimulation of hematopoiesis, osteoclast
differentiation, and bone resorption [6]. IL-6 is
produced by a variety of different cells, such as
gingival fibroblasts, endothelial cells, monocytes,
and T lymphocytes, playing a crucial role at the
interface of adoptive and innate immunity. It is not
constitutively expressed, but is highly inducible and
is produced in response to inflammatory stimuli such
as tumor necrosis factor o (TNFa), interleukin-1,
and bacterial endotoxin. The human IL-6 gene has
been assigned to chromosome 7p21 and comprises
five exons and four introns [7]. The IL.-6 5" region
contains numerous polymorphisms that directly
influence the expression of the protein. It has been
shown that the polymorphism at position —174 (G/
C) affects IL-6 transcription [8]. Furthermore, two
other functional SNPs, at positions —572 (G/C) and
—597 (A/G), have been reported to have an effect
on IL-6 secretion capacity [9]. Moreover, functional
analyses indicate a cooperative influence of these
polymorphisms on the IL-6 transcriptional regula-
tion, suggesting that the SNPs at the three sites do
not act independently of one another, and implying
the investigation of IL.-6 —597/ —572/ —174 haplo-
types [10,11].

There are several studies of polymorphisms of the
IL-6 gene in chronic and/or aggressive periodontitis
[5,12-17]. To our knowledge, however, only one
study on the potential association between IL-6 gene
polymorphisms and risk of gingivitis has been
published so far [18]. With respect to the key role
of interleukins in inflammatory response in gingivi-
tis, the IL.-6 gene is an obvious functional candidate
for this disorder. This study was undertaken to
compare the distributions of the IL-6 —174G/C,
—572G/C, and —597A/G alleles, genotypes, and
haplotypes in healthy Czech children aged 11 to 13
years and those with plaque-induced gingivitis.

Material and methods
Study subjects

In this case-control study, a total of 455 Caucasian
children (249 boys and 206 girls) of exclusively
Czech nationality, aged 11 to 13 years, randomly
selected from the ELSPAC Brno study (European
Longitudinal Study of Pregnancy and Childhood),
which comprises over 5000 children and their
families, were examined to assess gingival health.
The ELSPAC is a prospective study in several
European countries where the chosen group of
children and their families are examined from
pregnancy of the mother, birth of the child, up to
18 years of age [19]. Pediatric, anthropological, and
psychological examinations have already been per-
formed at the 8th, 11th, 13th year of age of subjects,
and currently the examination at the 15th year is in

progress. These age phases were chosen in order to
record health and developmental changes associated
with the prepubertal, pubertal, and postpubertal
phases of child development. Children participating
in this study also underwent a dental examination at
the Clinics of Stomatology, St. Anne’s University
Hospital and the Faculty of Medicine, Masaryk
University. Inclusion criteria therefore consist of a
simple informed consent of the respective children
and their families and of their willingness to parti-
cipation. Thus, the randomness of the set is ensured;
although a slight drift towards families with mothers
with higher education can be expected. The general
health and oral hygiene of the study set is varied as a
result of the subject set randomness.

The study group (n=272; 173 boys and 99 girls)
comprised children with clinical evidence of plaque-
induced gingivitis. The healthy group (n=183; 76
boys and 107 girls) included children who had
healthy gingiva with no clinical signs of inflamma-
tion.

Chinical examination

The clinical assessment was carried out by one
investigator (LK) using the following clinical para-
meters: gingival index (GI), plaque index (PI), and
calculus index (CSI). Gingivitis was measured using
the modified Loe-Silness GI index [20] on teeth 16,
12, 24, 32, 36, 44. This index uses a 0 to 3 scale to
assess gingivitis on or adjacent to 4 sites (mid-
buccal, mesio-buccal, disto-buccal, and lingual) of
the individual tooth according to the following
criteria: the complete absence of visual signs of
inflammation scored 0; a slight change in color,
slight edema, and no bleeding on probing scored 1;
visual inflammation, redness, edema, glazing, and
bleeding on pressure scored 2; finally, severe inflam-
mation, marked redness, edema, ulceration, and a
tendency to spontaneous bleeding scored 3. The
scores from the four areas of the tooth were added
and divided by 4 to give the GI for the tooth. The GI
for the patient was then obtained by adding the
indices for the teeth and dividing by 6 (number of
teeth examined). Therefore, the index for the patient
was an average score for the areas examined. Mean
and SD, median GI scores, and quartile intervals
(QI) were calculated from all individual scores.
Patients were classified as having gingivitis if the
total sum of the ordinal values of classifications of
localities with inflammation was at least 4 (of the
total possible value 72, i.e. 6 examined teeth x4
localities x score 3), whereas control children were
those who had healthy gingiva (i.e. zero value in all
24 examined localities). According to these findings,
gingival inflammation was present in 272 children,
whereas 183 had healthy gingiva. Children with sum
of the ordinal values between 1 and 3 were not
included in this study (z=28). The presence of



plaque and calculus was recorded according to
Silness-Loe (PI) and calculus surface index (CSI),
respectively [21,22] without any disclosing agents. A
World Health Organization (WHO) probe was used
for the assessment. In the PI, cervical plaque was
scored on the same selected teeth as in GI on three
tooth surfaces (mesial interdental area superior to
the tip of the papilla and the facial and oral surfaces).
When no plaque was visible adjacent to the marginal
or papillary gingiva and also scraping with explorer
revealed no plaque, the score was 0. A very thin
microbial deposit near the marginal or papillary
gingiva was scored 1. Any soft deposits present
adjacent to the marginal gingival and in the inter-
dental area were scored 2. A clearly visible, thick
deposit adjacent to the gingival margin and often
extending far up the crown was scored 3. A mean PI
score was derived for each subject at each examina-
tion by summing the individual PI scores and
dividing the sum by the number of sites graded for
the subject. Mean and SD, median PI scores and
quartile intervals (QI) were calculated from all
individual scores. The CSI used is a yes-or-no index
that determines whether or not calculus (supra- and
subgingival) is present on the 16 surfaces of the 4
mandibular incisors. The CSI for each subject may
thus be a maximum of 4 x4 =16; mean and SD,
median CSI scores, and quartile intervals (QI) were
calculated from all individual scores. The radiograph
examination was not performed because it was not
part of routine care for these children and would
therefore have been deemed unethical. Phenotype
status was assigned without knowledge of genotypes
by two independent investigators.

The study was performed with the approval of the
Committee for Ethics of the Medical Faculty,
Masaryk University Brno, and informed consent
was obtained from all parents (in the case of
children), in line with the Helsinki declaration,
before inclusion in the study.

DNA isolation

Genomic DNA for PCR was isolated from buccal
epithelial cells by the conventional method using
proteinase K digestion of cells.

1L-6 genoryping

The IL-6 —174G/C polymorphism was genotyped
by polymerase chain reaction-restriction fragment
length polymorphism (PCR-RFLP) as described
previously [8]. The —597G/A and —572G/C var-
iant genotypes were determined using primers
(5'-AAACAGTGGTGAAGAGACTCAGTG-3" and
5-AAAGAGTAAAGCTGAAGTCATGCA-3) to
generate a PCR fragment of 543 bp. The reaction
volume was 25 pl with final reaction component
concentrations of 200 pmol1~! of each dNTP,
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1.5 mmol1~ ' MgCl,, 10 mmol1~ ! Tris base (pH
8.4), 50 mmol1~ ! KCl, and 0.15 U Taq polymer-
ase. PCR was performed with an initial denaturation
temperature of 95°C for 2 min, followed by 40 cycles
of 94°C for 1 min, 60°C for 1 min, and 72°C for
1 min, with the final extension lasting for 10 min at
72°C. Twelve microliters of the PCR product was
digested with FokI (—597G/A) for 2 h at 37°C and
12 pl was digested with Bsrbl (—572G/C) for 4 h at
37°C. The digested products were electrophoresed
on 2% agarose gel and visualized by ethidium
bromide staining.

All samples were successfully genotyped, and to
verify and confirm the results genotyping was
repeated on 10% randomly selected DNA samples
for each of the methods.

Statistical analysis

The computer package Epilnfo6, available from the
Centers for Disease Control and Prevention, USA
(http://www.cdc.gov/epo/epi/epiinfo.htm), was used
to estimate the statistical power to detect significant
differences between the study groups. The power
calculation performed for this study demonstrated
that the sample size required to ascertain the
significance of association of gingivitis with the
studied genetic polymorphisms with an alpha
value of 0.05 and OR=1.5 80% power was 175
for healthy children and 261 for cases.
Comparisons were made between allele, genotype,
and haplotype frequencies in the patients and healthy
populations. The allele frequencies were calculated
from the observed numbers of genotypes. The
significance of differences in the allele frequencies
between each of the two groups was determined using
Fisher’s exact test. The Pearson chi-squared test was
used to test for deviation of genotype distribution
from Hardy-Weinberg equilibrium and for compar-
ison of differences in genotype combinations among
groups. Testing of allele or genotype frequencies for
several polymorphisms among the groups involves
multiple comparisons; therefore necessary correction
had to be applied. Where appropriate, Bonferroni
correction was used to adjust the « level according to
the number of independent comparisons to an overall
value of 0.05. Adjusted p-values for particular ana-
lyses are denoted as P,... Comparison of estimated
haplotype frequencies was performed as described
previously [23]. Briefly, haplotype frequencies were
calculated from the observed genotype frequencies
assuming that during zygote formation haplotypes
combine at random depending on their frequencies in
the set (the assumption being analogous to Hardy-
Weinberg equilibrium). This assumption was verified
by a reversed calculation of the expected genotype
frequencies from the calculated haplotype frequen-
cies. Differences between both groups (patients and
healthy subjects) were tested by a simulation using
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Table I. PCR-RFLP conditions for analysis of the II.-6 gene polymorphisms.

Polymorphism Primers (5" 3") PCR product (bp) / enzyme Digested fragments / alleles
—174 G/C 5- TGACTTCAGCTTTACTCTTTGT-3'(sense) 198 Nia III C: 122+4+45+31
5- CTGATTGGAAACCTTATTAAG-3’ (antisense) G: 167431
—572 C/G 5’- AAACAGTGGTGAAGAGACTCAGTG-3’ (sense) 543 Bsrb I C: 531
5- AAAGAGTAAAGCTGAAGTCATGCA-3’ (antisense) G: 2634268
—597 A/G A: 2504281
Fok I G: 531

the Monte Carlo method. In this test, 10,000 random
simulations were performed to generate tables having
the same marginal totals as the observed data, and the
number of occurrences of a chi-squared value greater
than or equal to the chi-squared value associated with
the real table was counted.

Clinical parameters of subjects distributed by
three possible genotypes were compared using the
analysis of variance in relation to the amount of
plaque. The relationship between genotypes and
disease status was analyzed by multiple logistic
regression analysis while adjusting for gender and
plaque level.

Contingency table analysis, odds ratio (OR), 95%
confidence intervals, and significance values were
estimated with the use of the statistical program
package Statistica v. 6.0 (Statsoft Inc., Tulsa, OKkla.,
USA).

Results

Gingivitis was observed in 272 (59.8%) of the
children examined (i.e. cases); the rest of the group
were considered healthy. Children with gingivitis had
mean (SD) GI score 0.45 (0.37), [0.31 (median),
0.17-0.51 (25% quartile to 75% quartile)] and the
number of positive sites per subject was 12.7 +8.14.
However, in healthy subjects, all parameters had 0
values. In gingivitis, mean (SD) and medians (quar-
tiles) of PI and CSI indexes were 1.14 (1.19) [1.00
(0.00-2.00)] and 0.31 (1.90) [0.00 (0.00-0.00)], in
contrast to the group of healthy gingiva where the
values were 0.33 (0.69) [0.00 (0.00-0.00)] for PI and
0.59 (2.60) [0.00 (0.00—0.00)] for CSI. The distribu-
tions of genotypes and alleles of the IL-6 in children
with and without gingivitis are given in Table II. All
groups were in Hardy-Weinberg equilibrium with
non-significant chi-squared values comparing the
observed and expected genotype frequencies of each
of the tested polymorphisms. The IL.-6 —174C,
—572G, and —597A alleles were found in 36.1%,
94.5%, and 37.4% of the healthy children, and in
44.3%, 93.9%, and 42.6% of the patients with
gingivitis, respectively. Differences in allele frequen-
cies were not significant for IL-6 —572 and —597
variants, but patients with gingivitis had significantly
increased frequency of the IL-6 —174 C allele (p =
0.016, P...<0.05, OR=1.41; 95% CI=1.07-
1.85). Analysis by logistic regression considering

gender and plaque in addition to the IL-6
—174 genotypes as independent variables showed
significant association between —174G/C IL-6 gen-
otypes and gingivitis in children (p =0.03, OR =1.41,
95% CI: 1.07-1.85) regardless of plaque (p=
0.000001, OR =4.50, 95% CI: 2.97-6.84) or gender
(»=0.00037, OR =2.46, 95% CI: 1.68-3.61). The
children at highest risk of having gingivitis were
—174 allele C-positive boys who had abundant
plaque.

When the clinical parameters (severity of gingival
inflammation expressed first by including all local-
ities with inflammation, i.e. values of ordinal scale of
GI 1-3, second by the percentage of sites having 2 or
3 GI scores out of the total number of sites studied,
extent, and further the amount of plaque and
calculus) were distributed by the three genotypes of
IL-6 —174 variant, statistically significant associa-
tions were observed between plaque levels (PI) and
gingival inflammation. However, we observed less
significant association between the amount of plaque
and gingival inflammation in children with IL-6
—174 CC genotype (according to our results “pos-
sible risk genotype™); these children showed more
pronounced gingival inflammation with lower values
of plaque index than children with “non-risk geno-
types” (IL-6 —174 C/G and GG; see Table III).

When we combined multiple SNP (single nucleo-
tide polymorphism) sites and analyzed haplotypes,
we observed only five haplotypes with frequency
more than 1%, because all three SNPs in the IL-6
promoter are in linkage disequilibrium with each

Table II. Genotype distributions of the IL-6 in children with and
without gingivitis.

Healthy  Gingivitis

Locus Allele Genotype (%) (%) P-value*

SNP1 GG 72 (39.3) 88 (32.4)
—174 G/C GC 90 (49.2) 127 (46.7)  0.016
cc 21 (11.5) 57 (20.9) P.oy <0.05

SNP2 GG 163 (89.1) 240 (88.2)

—572  G/C GC 20 (10.9) 31 (11.4) 0.820
cC 0 (0.0) 1(0.4)

SNP3 AA 20 (10.9) 52 (19.1)

—597 A/G AG 97 (53.0) 128 (47.1) 0.133
GG 66 (36.1) 92 (33.8)

*Comparisons performed by means of the Fisher exact two-sided
test for allele frequencies.

Bonferroni corrected P-value (P, for single test (3 independent
comparisons).
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Table III. Clinical parameters (mean and standard deviation) distributed by plaque levels in subjects with “risk genotype (IL.-6 —174/CC)”

versus “nonrisk genotype (IL-6 —174CG and GG) groups”.

Sex No. of positive sites, Severity of Severity of CSI mean
Plaque level (PI) n (boys/girls) mean (SD) inflammation, mean (SD) inflammation* (%) (SD)
IL-6 —174 CC genotype
0 37 23/14 5.84 (8.02) 0.19 (0.30) 2.85 0.32 (1.97)
1 21 11/10 10.00 (8.09) 0.35 (0.36) 7.07 0.00 (0.00)
2 5 4/1 15.00 (10.12) 0.58 (0.53) 16.7 2.40 (5.37)
3 14 9/5 16.64 (9.39) 0.56 (0.36) 9.77 0.00 (0.00)
P level 0.687 0.0002 0.0002 0.034 0.078
IL-6 —174 CG genotype
0 121 57/64 5.24 (7.04) 0.17 (0.25) 2.02 0.69 (2.81)
1 51 22/29 7.82 (8.37) 0.24 (0.27) 1.96 0.00 (0.00)
2 9 9/0 14.33 (10.37) 0.45 (0.32) 5.23 1.33 (4.00)
3 23 23/10 12.00 (10.16) 0.44 (0.43) 9.29 0.36 (2.09)
P level 0.002 <0.0001 <0.0001 <0.0001 0.246
IL-6 —174 GG genotype
0 90 44/46 4.11 (7.15) 0.15 (0.30) 2.85 0.40 (2.17)
1 37 19/18 7.81 (10.40) 0.31 (0.51) 7.96 0.00 (0.00)
2 8 6/2 13.50 (11.36) 0.45 (0.38) 7.30 1.50 (4.24)
3 24 21/3 14.46 (7.68) 0.58 (0.44) 12.34 0.50 (2.45)
P level 0.005 <0.0001 <0.0001 <0.0001 0.312

*It is expressed as the percentage of sites having 2 or 3 GI scores out of the total number of sites studied.

other to various degrees. The frequencies of the IL-6
haplotypes are summarized in Table IV. There was a
significant difference (p <0.01) between cases and
healthy children in the frequency of haplotypes. The
risk of having gingivitis was noted to increase 1.4-
fold in children positive for CGA (OR =1.37, 95%
CI: 1.12-1.68) and to decrease 0.8-fold in children
with GGG (OR =0.80, 95% CI: 0.66-0.97) haplo-

types.

Discussion

Chronic gingivitis is the most common periodontal
infection among children and adolescents. It is
characterized by inflammation of the marginal gin-
giva without detectable loss of bone or connective
tissue attachment. It seems that gingivitis, like
several other forms of periodontal disease, is a result
of the interaction between microbiological compo-
nents of the plaque together with the genes or, more
precisely, of the genetic variability in these loci [24].

Table IV. The frequencies of the IL-6 haplotypes in both groups.

Haplotypes
Healthy  Gingivitis
—174G/C —572G/C —597A/G  subjects patients
C G A 0.341 0.415
G G A 0.034 0.009
G C G 0.055 0.050
C G G 0.020 0.021
G G G 0.551 0.496
3 others* 0.000 0.009
$<0.01

*Three pooled remaining haplotypes with very low frequencies of
occurrence.

Today, the role of environmental factors is clearer
than the role of genes; their influence is much harder
to measure. Our study represents an investigation of
the role of the IL-6 gene in gingivitis in the Czech
population. Frequency of gingivitis in approximately
60% of children in our study is consistent with
prevalence of gingivitis among school children in the
United States that ranged from 40% to 60% [25].
In this study, three SNPs at positions —174, —572,
and —597, which form IL-6 haplotypes, were ana-
lyzed. Power calculation indicates that our sample size
was large enough to detect association with an
acceptable level of significance No previous study
has investigated the role of the above-mentioned IL-6
haplotype in gingivitis, and only a few articles on the
polymorphisms in this gene in periodontitis patients
have been published so far. First, Trevillato et al. [12]
suggested that polymorphism at position —174 could
be associated with susceptibility to chronic period-
ontitis (CP), and the —572G/C variant in this gene
was related to decreased susceptibility to CP in our
previous study [13]. In contrast, Jansson et al. [16]
and Wohlfahrt et al. [15] did not find any significant
difference in IL-6 —174G/C genotypes between
chronic periodontitis patients (CP) and healthy con-
trols. However, most later studies have confirmed an
association of the —174 G/C polymorphism in the IL-
6 gene with susceptibility to CP [5,14,17,26]. Mor-
eira et al. [5] suggested that the GG genotype may
represent a protective role in severity of periodontitis.
In contrast, Babel et al. [17] described significantly
higher frequency of the CC genotype in the group of
patients with CP. However, Brett et al. [14] found that
carriage of the GC genotype was associated with an
increased risk of chronic disease, while Tervonen et al.
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[26] described an evident association between the GG
genotype and the extent of periodontal disease. These
discrepancies can be explained by different microbial
composition of plaque, because 5 variants (including
—174G/C) in the IL-6 gene were associated with
increased odds of detecting periodontal pathogens,
such as A. actinomycetemcomitans, I gingivalis or T.
Jorsythensis [27]. Our current results of an association
of IL-6 —174 polymorphism with susceptibility to
gingivitis are in accordance with these previous
findings, but in contrast to a very recent study by
Scapoli et al. [18]. These authors examined the role of
IL-6, TNFa and LT« variants in modulation of the
clinical expression of plaque-induced gingivitis and
found no effect of selected polymorphisms in rela-
tively small investigated groups of subjects.

The functional significance of the IL-6 poly-
morphisms has been debated and the expression of
IL-6 mRNA involves synergistic interaction of a
number of transcription factors with the IL-6
promoter, including NF-xB and NF-IL6. Binding
sites for these factors occur in close proximity to
nucleotide —174 [10]. Polymorphisms such as the
174G/C SNP, which is located adjacent to the
negative regulatory domain (nucleotides —173 to
—151 relative to the transcription start site) and in
close proximity to an NF-IL-6 binding motif, seem
to result in interindividual variation in IL-6 tran-
scription and expression. Indeed, a frequent G/C
polymorphism at nucleotide position —174 and
other, less frequent, variants in the promoter region
have been discussed as possibly influencing serum
IL-6 [8,9]. However, the effect of interleukin-6
variants on the concentration of IL-6 in plasma is
still controversial. There is disagreement between
data concerning genotypes associated with higher
IL-6 plasma concentrations. In some studies, the
homozygous GG genotype has been associated with
increased serum IL-6, whereas the authors of other
studies have reported that the homozygous CC
genotype might be associated with higher systemic
IL-6 expression [reviewed in 28]. However, indivi-
dual SNPs do not exist in isolation, but are
genetically linked, forming distinct haplotypes. A
previous, very recent, study has suggested that
although basal IL-6 mRNA expression in peripheral
blood leucocytes did not differ between subjects with
different —597/—572/ —174 haplo- or genotypes,
individuals with the —597/ —572/ —174 GGG hap-
lotype showed a marginally significant decrease in
IL-6 secretion upon LPS stimulation (p =0.058)
[11]. In addition, homozygous carriers of the GGG/
GGG —597/—572/—174 genotype had signifi-
cantly lower IL-6 concentrations versus all other
genotypes [11]. An even stronger link to low IL-6
secretion was detected for both the —597 and —174
GG genotype. In our study, children without gingi-
vitis had an increased frequency of this low-secretion
haplotype, in contrast to children with gingivitis with

a presence of “opposite” (probably more active)
—174C and —597A alleles that were associated with
increased IL-6 values. These increased IL-6 levels
were found in patients with periodontal diseases
[4,5]. Therefore, our data suggest that there can be a
component of gingivitis attributable to the genotype.

Unlike a number of studies analyzing the role of
gene polymorphisms in periodontitis, only a few
studies investigating the role of genetic factors at the
gingivitis origin or development have been published
to date [29-32]. However, during experimental
gingivitis studies, it was noted that subjects varied
in their rates of gingival inflammation development,
and the differences in gingivitis susceptibility were
often independent of quantitative plaque accumula-
tion differences or qualitative differences in plaque
[33]. The reported significant differences in gingival
inflammatory response under quantitatively and/or
qualitatively almost identical plaque accumulation
[33] suggest that the level of the gingival tissue
response to plaque accumulation may be an indivi-
dual trait [34], dependent on host-related factors,
possibly genetic in origin. The results of one of the
latest studies suggest the association between IL-1
receptor antagonist polymorphism and subject-
based clinical behavior of the gingiva in response to
de novo plaque accumulation, as well as a possible
association between IL-1 beta —511 polymorphism
and gingivitis susceptibility [32]. Besides IL-1 (a key
proinflammatory mediator), anti-inflammatory cyto-
kines such as IL-10 play a role in controlling the
inflammatory response. IL-10 is therefore consid-
ered a candidate gene that encodes susceptibility to
gingivitis. In 2005, Dashash et al. [30] found that the
—1082 A allele could be a risk factor for gingivitis in
children regardless of plaque or age. The same
authors later approved a role of the IL-10 gene in
gingivitis and found that haplotype combination,
which is associated with increased production of IL-
10 (and thus with stronger anti-inflammatory activ-
ity) was more frequent in controls than in children
with gingivitis [31].

In our study, IL-6 —174 C allele could be a risk
factor for gingivitis regardless of plaque and sex. In
addition, children with —174 CC genotype (possi-
ble “risk genotype”) had more intensive gingival
inflammation even with lower values of plaque
index than children with “non-risk genotypes” (IL-6
—174 C/G and GG).

In addition, preliminary genetic evidence supports
the possibility that there are inter-individual differ-
ences in the ability to develop gingival inflammation
and shows that specific genetic characteristics may
contribute to exacerbated gingival inflammation in
response to plaque accumulation. Gingivitis suscept-
ibility may probably influence periodontitis suscept-
ibility [35], but the state of current knowledge does
not permit us to say which way the relationship goes.
In conclusion, our present findings indicate that the



three promoter polymorphisms in the II.-6 gene act
in cooperative fashion and suggest that IL.-6 haplo-
types could play a role in the pathogenesis of plaque-
induced gingivitis in Caucasian children regardless
of plaque or gender. However, as differences in the
genetic background greatly influence allele frequen-
cies of a disease-associated gene, further studies with
a larger sample size would be helpful to ascertain the
genetic association between IL-6 haplotypes and
gingivitis in Caucasians and children from different
ethnic groups.
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