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Abstract

Objective: Dental caries is a complex, multifactorial disease
and one of the most common illnesses worldwide. Its etiol-
ogy is related to microbial, dietary and host factors. Recent
evidence suggests a role of lactotransferrin (LTF) in caries.
The purpose of this study was to determine the association
between LTF gene polymorphism and dental caries. Meth-
ods: In this case-control study, 637 unrelated children, aged
11-13 years, were enrolled. The subjects were divided into
two groups, i.e. caries-free (decayed/missing/filled teeth = 0)
and caries-affected children (decayed/missing/filled teeth =
1). The LTF rs1126478 (140A/G in exon 2, Lys/Arg) genotypes
were determined by PCR with restriction analysis using the
Earl enzyme. Results: Of 637 children, 155 (24.3%) were car-
ies free. There were no statistically significant differences be-
tween caries levels and allele or genotype distributions in
the total cohort. When the caries-affected group (n = 482)
was stratified into low (decayed/missing/filled teeth = 1),
moderate (2 < decayed/missing/filled teeth < 3) and high

(decayed/missing/filled teeth = 4) caries experience, allele
and genotype frequencies were similar among all sub-
groups. Conclusions: The LTF 140A/G (exon 2, Lys/Arg) poly-
morphism was not associated with the susceptibility to or
severity of dental caries in the Czech population.

© 2013 S. Karger AG, Basel

Dental caries is a complex infectious disease with
multifactorial etiology. Several environmental caries risk
factors such as diet, oral hygiene, fluoride exposure and
the level of cariogenic bacteria have been identified in
recent years [Slayton et al., 2005]; however, these vari-
ables cannot entirely explain the development of the dis-
ease, and there is evidence of a genetic component in
caries susceptibility [Werneck et al., 2010]. The most
convincing data on the role of genetics in the etiopatho-
genesis of dental caries have been found by using twin
studies [Goodman et al., 1959; Bretz et al., 2005, 2006].
Recently, the genetic contribution to caries was estimat-
ed at higher than 50% [Wang et al., 2010], and genes re-
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lated to tooth morphology and enamel formation, di-
etary and taste preferences, and saliva flow and composi-
tion have been found [Slayton et al., 2005; Deeley et al.,
2008; Patir et al., 2008; Kang et al., 2011; Tannure et al.,
2012a, b]. In addition, an association between caries and
saliva levels of specific proline-rich proteins and various
innate or acquired immune defense factors such as lac-
totransferrin (LTF) has been reported [Zakhary et al.,
2007; Azevedo et al.,, 2010].

Human LTF (lactoferrin) is an iron-binding glycopro-
tein produced by the salivary glands with antimicrobial
activity, making it an important component of the non-
specific immune system [Spik and Montreuil, 1983]. This
glycoprotein inhibits growth of bacteria by sequestering
iron from the environment and thus depriving bacteria of
this essential element. In humans, the LTF gene is located
on chromosome 3 at position 3p21 [Kim et al., 1998]. It
is organized into 17 exons, with a size between 23 and
35 kb, with a total of 80 kDa and 690 amino acids [Aze-
vedo et al., 2010]. A polymorphism (140A/G, rs1126478)
that is located in the second exon is responsible for sub-
stitution of a lysine (Lys) with an arginine (Arg) in posi-
tion 29 in the N-terminal a-helical region. The Lys-con-
taining variant exhibits significantly greater non-iron-de-
pendent antibacterial activity against Gram-positive
bacteria than the Arg-containing variant [ Velliyagounder
et al., 2003]. To date, only one study has analyzed allele
and genotype frequencies of LTF polymorphism in pa-
tients with dental caries; the authors found an association
of allele 2 with susceptibility to caries in 12-year-old stu-
dents [Azevedo et al., 2010].

We hypothesized that LTFrs1126478 (140A/G in exon
2, Lys/Arg) functional polymorphisms might modify the
relative risk for the development of dental caries. There-
fore, the aims of the present study were (1) to compare
the LTF allele and genotype distributions between Czech
children with and without caries and (2) to examine
whether this LTF gene variant is associated with the se-
verity of caries experience in subgroups of caries-affected
subjects.

Methods

Subjects

A total of 637 unrelated Caucasian children (323 boys and 314
girls) aged 11-13 years and selected from the European Longitu-
dinal Study of Pregnancy and Childhood (ELSPAC) Brno study,
comprising over 5,000 children and their families, were examined
to assess oral health in this case-control study. The ELSPAC is a
prospective study in several European countries where the chosen
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groups of children and their families are examined from pregnan-
cy of the mother, through birth of the child, until he/she is 18 years
of age [ELSPAC, 1989; Kukla and Bouchalova, 1992]. Pediatric,
anthropological and psychological examinations have already tak-
en place in the 8th, 11th, 13th and 15th years of the subjects’ lives.
These ages were chosen in order to record developmental and
health changes associated with the prepubertal, pubertal and post-
pubertal phases of child development [Vokurka et al,, 2009]. In
addition, children participating in this study underwent a dental
examination at the Clinic of Stomatology, St. Anne’s University
Hospital, and the Faculty of Medicine, Masaryk University. The
inclusion criteria consisted of simple informed consent of the chil-
dren and their parents and expression of their willingness to par-
ticipate.

The study group (n = 482; 241 boys and 241 girls) comprised
caries-affected children. The healthy group (n = 155; 82 boys and
73 girls) included caries-free children.

Clinical Examinations

The clinical assessment was carried out by one investigator
using the following clinical parameters: decayed/missing/filled
teeth score, which was calculated according to World Health Or-
ganization criteria [1997], and gingival index, plaque index and
calculus surface index;, as described previously [Holla et al., 2008].
Radiograph examination was not performed as it was not part of
routine dental care for these adolescents and would therefore be
deemed unethical. Phenotype status was assigned without knowl-
edge of genotypes by two independent investigators (K.M. and

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

DNA Isolation

DNA for genetic analysis was isolated from buccal epithelial
cells obtained by buccal swabs. The extractions were performed
according to the manufacturer’s instructions for the UltraClean®
BloodSpin® DNA Isolation Kit (Mo Bio Laboratories Inc., Carls-
bad, Calif., USA) with slight adaptations.

LTF Genotyping

For the analysis of single-nucleotide polymorphism in LTF
rs1126478 (140A/G in exon 2, Lys/Arg), PCR primers for PCR-
restriction fragment length polymorphism were designed using
the Primer3 program. The sequences of the PCR primers are given
in table 1. PCR was performed in a final reaction volume of 25 pl
containing 80 ng of genomic DNA, 0.4 pM of each primer, 3 U of
DNA polymerase (Biotools B&M Labs S.A., Madrid, Spain), 8 mm
MgCl, 10x MgCl,-free reaction buffer (Biotools B&M Labs) and
0.6 mM deoxyribonucleoside triphosphate mix (Roche, Basel,
Switzerland). The reaction was carried out in a DNA Engine
Dyad™ (Bio-Rad Laboratories, Vienna, Austria). Denaturation for
4 min at 95°C was followed by 33 cycles of 95°C for 30 5, 59°C for
25 s and 72°C for 25 s. The last synthesis step was extended to
12 min at 72°C. The PCR products were then digested by the re-
striction enzyme Earl. The restriction was performed in a vol-
ume of 30 pl consisting of 25 pl of the PCR product, 10x NEBuffer
4 (New England Biolabs, Hitchin, UK) and 14 U of Earl (New
England Biolabs). The reaction mixture was incubated overnight
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Table 1. List of primer pairs and PCR-restriction fragment length polymorphism conditions for the analysis of

the LTF gene

Polymorphism Primer sequence (5'=3") Restriction ~ Fragment
enzyme size, bp

LTFrs1126478 forward: CTG GCC GTA GGA GAAGGA G Earl allele A: 152

(exon 2, 140A/G, Arg/Lys)  reverse: CGC AAT GGC CTG GAT ACAC allele G: 77 + 75

at 37°C. Genotypes were identifiedas AA (152 bp), AG (152 + 77 +
75bp) and GG (77 + 75 bp). The fragments were visualized by 3.0%
agarose gel electrophoresis using ethidium bromide. Sizing of the
product was performed using a GeneRuler™ 50-bp DNA Ladder
(Fermentas, St. Leon-Rot, Germany). Genotyping was performed
by four investigators (M.V., P.B.L., T.T. and ].V.) unaware of the
phenotype. In addition, 10% of subjects were genotyped twice for
each polymorphism; the obtained results did not show any differ-
ences. Selected samples with different genotypes were sequenced
to verify the correctness of the analysis.

Statistical Analysis

Comparisons were made between allele and genotype frequen-
cies in the caries-free and caries-affected children. The allele fre-
quencies were calculated from the observed numbers of genotypes.
The significance of differences in the allele frequencies between the
two groups was determined by Fisher’s exact test. The Pearson x*
test was used to test for deviation of the genotype distribution from
Hardy-Weinberg equilibrium and for the comparison of differ-
ences in genotypes among groups. A p level less than 0.05 was con-
sidered to be significant. Contingency table analysis, odds ratios,
95% confidence intervals and significance values were calculated
with the use of the statistical program package Statistica v. 10.0
(StatSoft Inc., Tulsa, Okla., USA). Power analysis was performed
with respect to the case-control design of the study taking the in-
cidence rate of markers and estimate of the odds ratio as end-point
statistical measures. All calculations were performed using SPSS
software (SPSS 20.0.1, IBM Corporation, 2011).

Results

0Of 637 individuals included in this study, 155 (24.3%)
were caries-free children and 482 (75.6%) were carries-
affected subjects; 103 of the 482 caries-affected children
(21.4%) were classified as having low caries experience,
158 (32.8%) as moderate and 221 (45.6%) as high caries
experience. The sample size was optimized in order to get
at least 80% power to detect a difference in the rate of a
marker between the cohorts in the range of 12% as statis-
tically significant or to detect an odds ratio of 1.5-1.8 as
statistically significant. In case of an observed difference
in the incidence rate of a marker >15%, the power of de-
tection of the difference is higher than 85%.

LTF Polymorphism in Dental Caries

Table 2. Demographic data in children with and without caries

Caries-free children Caries-affected children

(DMFT = 0) (DMFT =1)
Subjects, n 155 482
Age range, years  11-13 11-13
Boys/girls, n 82/73 2417241
DMFT 0.0£0.0 3.86+2.78*
GI 0.67+0.11 0.64+0.12
PI 0.40+0.80 0.741£1.02*%
CsI 0.62+2.66 0.72+2.86

Values are shown as means + SD, except where indicated oth-
erwise. * p < 0.05 compared to the control group. DMFT = De-
cayed/missing/filled teeth; GI = gingival index; PI = plaque index;
CSI = calculus surface index.

Table 2 shows selected clinical characteristics of the
study population. The differences in gender, age ranges
and gingival and calculus surface indexes between the
two groups were not significant (p > 0.05). However, the
decayed/missing/filled teeth scores and plaque index-
es were significantly higher in the caries-affected chil-
dren in comparison with the caries-free subjects (p <
0.05).

The distributions of genotypes and alleles of the LTF
rs1126478 (exon 2, 140A/G, Arg/Lys) polymorphism in
children with and without caries are shown in table 3.
The group of caries-free children was in Hardy-Wein-
berg equilibrium, with nonsignificant x> values when
comparing the observed and expected genotype fre-
quencies of the investigated LTF variant. The frequen-
cies of the LTF AA genotype were 86 (55.5%) in caries-
free children and 288 (59.8%) in caries-affected children
and were not significantly different between the groups
(p > 0.05). The frequency of the LTF A allele was found
to be 73.5% in children with caries and 75.3% in the
caries-free group; there was also no significant differ-
ence in the allele frequency between these two groups
(p > 0.05).
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Table 3. Allele and genotype frequencies of the LTF rs1126478
polymorphism

LTF Caries-free Caries-affected p OR
rs1126478 children, n children, n value
(n=155) (n=482)
Genotype
AA 86 (55.5) 288 (59.8) 0.51  1.00
AG 56 (36.1) 150 (31.1) 0.80 (0.54-1.18)
GG 13 (8.4) 44(9.1) 1.01 (0.52-1.96)
Allele
A 228 (73.5) 726(75.3) 0.29 1.00
G 82 (26.5) 238 (24.7) 0.91 (0.68-1.22)

Values in parentheses represent percentages or 95% confi-
dence intervals, as appropriate. OR = Odds ratio.

Table 4. Allele and genotype frequencies of the LTF rs1126478
polymorphism in caries-affected children with low, moderate and
high caries experience

LTE Caries-affected children
BU2SLTE i lowCE  with modersic CB  with high CE
(n=103) (n=158) (n=221)
Genotype
AA 63 (61.2) 90 (57.0) 135 (61.1)
AG 33(32.0) 50 (31.6) 67 (30.3)
GG 7 (6.8) 18 (11.4) 19 (8.6)
Allele
A 159 (77.2) 230 (72.8) 337 (76.2)
G 47 (22.8) 86 (27.2) 105 (23.8)

Values represent numbers of subjects with percentages in pa-
rentheses. Caries experience (CE) was stratified as follows: low,
decayed/missing/filled teeth = 1; moderate, 2 < decayed/missing/
filled teeth < 3; high, decayed/missing/filled teeth 24.

In addition, there were no significant differences be-
tween caries levels with regard to LTF allele and/or geno-
type distribution (p > 0.05), as summarized in table 4.

Discussion

Dental caries is one of the most common chronic in-
fections and afflicts a large proportion of the world’s pop-
ulation. Like many other systemic and dental diseases, it
depends on complex interactions between the genetic
predisposition of an individual and the environmental
(including behavioral) factors. Several genetically con-

42 Caries Res 2014;48:39-44
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trolled factors have previously been identified or impli-
cated to be involved in the susceptibility to dental caries,
including salivary proteins, such as LTF [Rudney et al.,
1994; Azevedo etal., 2010]. In this study, we evaluated the
LTF rs1126478 (140A/G) variant in quite large groups of
children with and without dental caries. The genotype
frequencies of this polymorphism in the Czech popula-
tion were within the ranges reported in other European
cohorts, with an A allele frequency ranging from 0.60 to
0.75 [National Center for Biotechnical Information,
2011]. However, our data showed no difference in the fre-
quencies of alleles or genotypes of the LTF 140A/G vari-
ant among children with and without caries or with dif-
ferent levels of caries. These results are in disagreement
with those published by Azevedo et al. [2010], who sug-
gested that the more frequent LTF 1 allele was protective
against caries experience in a Brazilian population. Since
these authors did not identify alleles A and G (and de-
scribed them only as alleles 1 and 2), it is not possible to
say which variant (A or G) was a risk factor for or protec-
tive against dental caries in their study. In contrast to
European subjects, in Asian, African and American pop-
ulations, G is the dominantallele, with a frequency of 0.7
0.9 [Videm et al., 2012], and this allele was also previ-
ously associated with an increased risk of periodontitis
[Velliyagounder et al., 2003; Wu et al., 2009]. The LTF
polymorphism analyzed in this study was the same as the
variant analyzed by Azevedo et al. [2010], but there were
some differences in methodology and sample size. Firstly,
we obtained our data using a PCR-restriction fragment
length polymorphism method, in contrast to the PCR-
single-strand conformation polymorphism method used
in the previous study. Secondly, we analyzed a study pop-
ulation of 637 unrelated children, which comprised 155
caries-free and 482 caries-affected subjects, whereas the
study of Azevedo et al. [2010] was carried out in a small
population comprising 110 individuals (48 without caries
experience and 62 with dental caries). Thirdly, different
genetic backgrounds due to different ethnicity (Brazilians
vs. Czech children) in the two studies could be a cause of
heterogeneity of the results.

For the assessment of polymorphisms, the question of
a possible functional effect is essential. The rs1126478
variant is located in exon 2 of the LTF gene and results in
amino acid substitution of Lys with Arg at position 47, or
position 29 when the signal peptide is not included. A
variant containing an Arg residue has been associated
with a weaker antibacterial effect on Gram-positive bac-
teria [Velliyagounder et al., 2003]. The genotypes associ-
ated with LTTF concentrations are related to decreased
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function. In turn, this may lead to reduced defense against
infections with stronger stimuli for granulocyte activa-
tion and degranulation, which results in higher LTF re-
lease [Videm et al., 2012]. In addition, it was suggested
that the oral microbiota of subjects harboring 1 or 2 Lys-
containing alleles contains lower levels of Streptococcus
mutans due to the increased antibacterial activity of this
variant against Gram-positive bacteria [Velliyagounder
et al., 2003].

There are some limitations to this study that need to
be considered. In multifactorial complex diseases such as
caries, each genetic polymorphism generally has only a
small effect, and interactions between gene variants and
environmental factors (such as S. mutans, oral hygiene,
lifestyle and diet) can potentially affect the observed phe-
notype. Firstly, we focused on just one polymorphism in
the LTF gene and did not cover other susceptibility genes
or variants. Secondly, the case-control design carries the
risk of providing false-positive results, especially when
cases and controls are from different population strata.
However, all our subjects were from the same ELSPAC
cohort, and we did not find any significant association
between the LTF rs1126478 gene variant and dental car-
ies. In addition, our study population was quite large, al-
most 6 times bigger than that of Azevedo et al. [2010];
therefore, the risk of false-negative conclusions was rela-
tively small. Finally, data on circulating levels of LTF pro-
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tein orits RNA expression were unavailable; therefore, we
do not know the functional consequences of this poly-
morphism in our subjects.

In conclusion, our study in a Czech population failed
to confirm an association of the 140A/G polymorphism
in exon 2 of the LTF gene with the susceptibility to or se-
verity of dental caries. However, before we can generally
exclude the LTF gene variant as a risk factor for caries,
these findings require further research in larger studies in
people with different ethnic backgrounds. Understand-
ing dental caries at the molecular level has the potential
to facilitate new, more targeted approaches to the preven-
tion and treatment of this common disease.
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ILI gene polymorphisms in relation to external apical root
resorption concurrent with orthodontia
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OBJECTIVE: External apical root resorption (EARR) is
permanent shortening of the end of the tooth root. It is
a common clinical complication of orthodontic treat-
ment. Polymorphisms in the interleukin | (ILI) gene
cluster have been related to an increased EARR risk.
The aim of this study was to analyze possible
associations of ILI gene variants with EARR in Czech
population.

SUBJECTS AND METHODS: In this case—control study,
32 patients with EARR (age 15.0 £ 4.1 years) and 74
controls (age 15.2 £ 5.3 years) were genotyped using
PCR-based methods for ILIA (—889C/T), ILIB (+3953C/
T), and ILIRN [ILI receptor antagonist, variable number
tandem repeat (VNTR)] gene polymorphisms.
RESULTS: While no statistical significant differences in
the ILIA and ILIB genotype, allele and reconstructed ILI
haplotype frequencies between patients with EARR and
controls were found, marginally significant differences
were observed in the frequencies of ILIRN variant
(P =10.05 for *22 genotype and P = 0.06 for a short (2)
allele). In addition, significant associations between
ILIRN*12, *22 genotypes and the short (2) allele and
EARR were identified in the subgroup of girls (P = 0.04
and P = 0.02, P = 0.02).

CONCLUSIONS: Although no significant role of ILIA
(—889C/T) and ILIB (+3953C/T) variants in EARR was
confirmed, ILIRN YNTR may be associated with EARR,
especially in girls.
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Introduction

External apical root resorption (EARR) is one of the fre-
quent iatrogenic complications of orthodontic treatment
that mainly affects the maxillary incisors (Brezniak and
Wasserstein, 2002a; Hartsfield er al, 2004). However, 7%
to 13% of individuals who have not had orthodontic
treatment also show some EARR, presumably as a
function of occlusal forces (Rudolph, 1936; Harris and
Butler, 1992; Harris et al, 1993). Several clinical factors,
such as ethnicity, age, gender, malocclusion type, and
root shape, have also been associated with root resorption
(Brezniak and Wasserstein, 1993, 2002b; Hartsfield er al,
2004).

The prevalence of radiographically discemible EARR
associated with orthodontic treatment affects about a third
of patients with moderate degree (>3 mm) of root resorp-
tion, while severe root resorption above 5 mm may occur
in 2-5% of cases (Taithongchai er al, 1996; Killiany,
1999; Hartsfield er al, 2004), indicating an individual
predisposition in these patients (Brezniak and Wasser-
stein, 1993). In 1975, Newman (1975) firstly described a
possible familial occurrence of EARR. Harris ef al
(1997) published the hypothesis of genetic influence on
EARR using the sib-pair model with heritability about
70%. In addition, studies of different inbred mice also
supported a genetic component involving multiple genes
i histologic root resorption (Al-Qawasmi et al, 2006;
Abass et al, 2008). These days, we know that the etiol-
ogy of EARR is multifactorial, influenced by a combina-
tion of environmental and host factors. The genetic
predisposition for root resorption has been the subject of
several current investigations (Al-Qawasmi er al, 2003a,
b; Hartsfield ef al, 2004; Ngan er al, 2004; Bastos Lages
et al, 2009; Giilden eral, 2009; Hartsfield, 2009;
Iglesias-Linares et al, 2012) and EARR after orthodontic
treatment has been more frequently associated with
interleukin 1 (ILl) genes, especially with ILIB gene
variability.

Interleukin 1 may be an early critical mediator involved
in the inflammatory process (Dinarello, 2002) that also
amplifies osteoclast differentiation, thus affecting root
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resorption (Wei et al, 2005). Higher concentration of IL1f
in crevicular fluid and gingival tissues during orthodontic
treatment has been found (Grieve et al, 1994; Uematsu
et al, 1996; Iwasaki et al, 2001). The three molecules in
the IL{ cluster, namely ILlg, IL1f, and IL1 receptor
antagonist (IL1Ra), are encoded by the [LIA, ILIB, and
ILIRN genes, respectively, within a 430-kb region on
chromosome 2ql3. To date, several polymorphisms have
been described in the I/ genes; some of them may con-
tribute to the variation in cytokine production. A single-
nucleotide polymorphism (SNP) of the [LIA gene was
located at position —889 in the 5'-flanking region. Domi-
nici et al (2002) reported that the TT genotype signifi-
cantly increased the transcriptional activity of the ILIA
gene and slightly increased the IL1x mRNA and protein
levels in the plasma. Likewise, the allele T of /LIB +3953
gene variant has been associated with increased IL1J pro-
duction (Pociot et al, 1992). In the gene coding for IL1Ra,
a functional polymorphism related to a variable number of
copies of an 86 nucleotide repeat sequence in intron 2 has
been identified. Five alleles comprising between two and
six repeats of an 86-bp sequence were described and result
m either a short allele (ILIRN*2, with two repeats) or
long allele (JLIRN*L, with three to six repeats). Further-
more, this polymorphism has been shown to influence the
rate of IL1 production with conflicting results; /L/RN with
at least one copy of allele 2 has been associated with
decreased but also increased secretion of IL1Ra (Danis
et al, 1995; Hurme and Santtila, 1998; Santtila er al,
1998; Vamvakopoulos er al, 2002; Carter ef al, 2004;
Tolusso er al, 2006; Rafiq ef al, 2007). Vamvakopoulos
et al (2002) found that [LIRN*1 homozygotes had 3.5-
fold higher L1/} plasma levels than carriers of at least one
ILIRN*2 allele, and conversely, plasma IL1Ra levels were
lower in IL/RN*1 homozygotes compared to ILIRN*2
homozygotes. In addition, the presence of ILIRN*2 allele
was previously associated with increased in virro ILIRa
production (Danis er al, 1995) and increased plasma
IL1Ra levels in healthy blood donors (Hurme and Santtila,
1998). In contrast, Tolusso et al (2006) showed that
healthy blood donors harboring the ILIRN*2/2 genotype
showed significantly lower levels of plasma IL1Ra, but
comparable levels of IL1f with regard to subjects with the
presence of the ILIRN* long alleles. Later, Carter et al
(2004) studied the functional correlates of polymorphisms
within the /L! gene cluster in the colonic mucosa in vive
and the rarer {L/RN*2 allele correlated with reduced lev-
els of IL1Ra protein and /LIRN mRNA in the colonic
mucosa. Finally, Rafiq et al (2007) described that not only
variable number tandem repeat (VNTR) in intron 2 but
several common variants across the [L/IRN gene were
strongly associated with IL1Ra serum concentrations.
Based on the previous contradictory findings, addi-
tional studies on the relationship between variants in the
ILI gene cluster and EARR are needed in different popu-
lations. Therefore, in this study, the ILIA (—889C/T),
ILIB (+3953C/T), and ILIRN (86-bp VNTR in 2nd
intron) variants and reconstructed [L/ haplotypes were
investigated in a sample of Czech patients after orthodon-
tic treatment to determine the association between these
polymorphisms and the presence of EARR.

IL1 gene variants in EARR
P Linhartova et al

Materials and methods

Subjects

The study comprised 106 subjects [32 patients with
EARR (age 15.0 £ 4.1 years) and 74 controls (age
15.2 +£ 5.3 years)] in the retention phase after treatment
with the fixed appliances who were referred to the Ortho-
dontic Department of Clinic of Stomatology of St. Anne’s
Faculty Hospital Bmo, from 2005 to 2010. All the
patients had to fulfill the following criteria: complete
anamnestic and clinical data available, clearly assessable
X-ray radiographs (orthopantomograms and lateral cepha-
lograms) taken before and after treatment using the same
machine. Patients with injury of teeth, endodontic or pre-
vious orthodontic treatment with a fixed appliance were
not included in the study. In addition, subjects with sys-
temic disease affecting the hard tissues were excluded
from the study. All the patients were treated by one phy-
sician (P. C.) with a standard straight wire or segmental
technique.

The maxillary incisors that are most susceptible to root
resorption were selected for the measurement (Sharpe
er al, 1987; Apajalahti and Peltola, 2007; Marques et al,
2010). Crown and root lengths were measured on ortho-
pantomograms and lateral cephalometric radiographs taken
before and after treatment. Dimensions were measured
with a slide gauge with accuracy of 0.1 mm. Linge and
Linge's (1991) modified by Brezniak er al (2004) was
used for the measurement of the crown length before (C1)
and after treatment (C2) and root length before (R1) and
after treatment (R2). The proportion of the pre- and post-
treatment crown lengths (C1/C2) was used as an amplifi-
cation factor. If, during the treatment, the root became
shorter, the degree of apical root resorption was calculated
by the equation R1 — R2 (C1/C2). For further analysis,
subjects were divided into two groups, based on the pres-
ence or absence of postorthodontic EARR of more than
2 mm taken from radiographic measurements: control
group, patients without EARR (with resorption <2 mm),
and EARR group (with resorption >2 mm), according to
Al-Qawasmi et al (2003a,b) who were the first to use this
categorization.

Measurement reproducibility was assessed statistically
by comparing double measurements on X-ray radiographs
in thirty randomly selected patients. The interval between
the relevant measurements was 3 weeks. Method error
was calculated from Dahlberg’s formula (S = VEd*/2n),
where d is the difference between the repeated measure-
ments and n is the number of paired repeated measure-
ments (Houston, 1983).

Other factors recorded in patients were gender, Angle
class, age at application of a fixed orthodontic appliance,
duration of active treatment, extraction, or non-extraction
approach.

The study was performed with the approval of the
Committees for Ethics of the Medical Faculty, Masaryk
University Brno and St. Anne's Faculty Hospital. Written
informed consent was obtained from all participants, in
line with the Helsinki declaration before inclusion in the
study.
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Table 1 List of primer pairs and PCR-RFLP conditions for the analysis of ILI genes e
Annealing
Polymorphisms Primers temperature Product size
ILIA —889C/T 5'- AAG CTT GTT CTA CCA CCT GAA CTA GGC -3 54°C 99 bp
[rs1800587] 5'- TTA CAT ATG AGC CTT CCA TG -3
ILIB +3953CIT 5'- CTC AGG TGT CCT CGA AGA AAT CAA A -3’ 60°C 194 bp
[rs1143634] 5 GCT TTT TTG CTG TGA GTC CCG -3'
ILIRN® 5'- CTC AGC AAC ACT CCT AT -3’ 56°C 240, 326, 412, 498, 584 bp
5 TCC TGG TCT GCA GGT AA -3
“The variable number tandem repeat has two ‘unique” HgVbase IDs (STR6319 and 63444).
Table 2 Pairwise linkage disequilibium (LD) for all possible 2-way of subjects in these subgroups. However, in girls, haplo-
comparisons among three polymorphisms in the JLI gene cluster in the  type with T alleles at positions IL/IA —889 and ILIB
control and External apical root resorption (EARR) groups +3953 in combination with a short allele of ILIRN VNTR
TEIRN was present more frequently in EARR patients (13.1% vs
Akt 3.9%), and the haplotype with T alleles at positions [L/A
number —889 and ILIB +3953 in combination with long alleles of
tandem ILIRN VNTR was less frequent in these patients (6.9% vs
repeat 23.0%, Table 6).
ILIA —889C/T ILIB +3953C/T {VNTR)
IL1A —889C/T Discussion
Controls 0.7714 0.0586
EARR patients 0.7058 0.1743 Several genetic association studies evaluating relationship
IL"CB +39[§3C” between cytokine gene polymorphism and EARR risk
Egl}:]g;aﬁenm gg;g have already been published (Al-Qawasmi et al, 2003a,b;
ILIRN VNTR Hartsfield er al, 2004; Ngan et al, 2004; Bastos Lages
Controls et al, 2009; Giilden et al, 2009; Hartsfield, 2009; Iglesias-
EARR patients Linares et al, 2012). Special attention has been given to
LI R Y Do s A e L Anlly-gene meribers, which e rcentral tel atocs
ol in immune mechanisms and may influence the inflamma-
tory response in root resorption. In the present work, we
studied three polymorphisms located in the IL! gene clus-
were in accord with those expected by the Hardy— ter in patients with or without EARR. As far as we know,
Weinberg equilibrium (P > 0.05). There were no signifi- this is the first work that performed the haplotype analysis
cant differences in the allele and genotype frequencies  of /LI gene variants and described the association between
between subjects with EARR and controls (P = 0.05, see ILIRN 86-bp variable number repeat variant allele 2 (i.e.,
Table 4). The subanalysis performed separately in the short allele with only two repeats) and EARR after ortho-
groups of boys (N = 40) and girls (N = 66) showed a sig-  dontic treatment in girls. In other populations, association
nificant difference in the allele frequency of the ILIRN studies of ILI polymorphisms have been previously
VNTR variants in girls — short allele (with 2 repeats only) reported; however, in the majority of cases, only single
was more frequent in patients with EARR (42.5% vs variants especially in the ILIA and [LIB genes were
22.8%, P=0.020, OR = 2.50, 95%CIL: 1.13-5.53). In analyzed. Al-Qawasmi er al (2003b) found the association
addition, homozygote and heterozygote combinations with of ILIB polymorphisms with the clinical manifestation of
this short allele significantly increased, while the most ~ EARR in both an association study using family trios and
common genotype (containing allele 1 with 3 repeats) a linkage study including 35 white American families.
decreased the risk of EARR in girls (P =0.02 and Patients with a homozygous combination of ILIB +3953
P = 0.04, respectively). However, no differences were allele C had 5.6-fold increased risk of root resorption
found in the boy subgroup (P > 0.05, Table 5). As evi-  compared to people with different genotypes. More
dent from Tables 4 and 5, multivariate adjustment for recently, Bastos Lages er al (2009) described in the sam-
ORs did not alter the results, indicating no background  ple of 61 Brazilian orthodontic patients that carriers of
bias in the estimates and no interaction of patient’s charac-  ILIB +3953C allele were at an increased risk of EARR.
teristics with examined genetic markers. The German sample provided by Giilden er al (2009)
In total, eight different haplotypes were identified by  analyzed 45 EARR patients and over 40 anonymous con-
the haplotype analysis (Table 6). No statistically signifi- trols and found the association of ILIA —889TT genotype
cant difference was found in IL/ haplotypes between the with the root resorption. Our data do not support the
EARR and control groups (P = NS). The subanalysis per- hypothesis that ILIA (—889C/T) and [LIB (+3953C/T)
formed separately in the groups of boys and girls also  gene polymorphisms are associated with the risk of
showed no significant difference in the haplotype fre-  EARR. A number of possible factors can contribute to this
quency, but this could be due to relatively small numbers  discrepancy. EARR is a complex disease with possible
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1. INTRODUCTION

Periodontitis is chronic infectious disease characterized by a progressive inflammatory
response to bacteria in dental plaque fimetlly results in periodontal tissue destruction and
eventual tooth lossEvidence suggests that the local inflammation/infection triggers a
systemic host response associated with increased risk for cardiovascular deéses
atherosclerosis (Scannapieco et al., 2003). Periodontitis has also been associated with glucose
intolerance (Saito et al., 2004), endothelial dysfunction (Tonetti et al., 2007), and
G\VOLSLGHPLD DQG PHWDEROLF )V\QGURPH "f$LXWR HW D
Apolipoprotein E (ApoE) is key protein, playing many roles in the lipid absorption, transport,
local homeostasis in the vessel walls and endothelial function (Sacre et al., 2003). Although
ApoE is most often associated with the onset of atherosclerosis or related to Alzheimer
disease, it may have an influence on other biological processes, such as sepsis and
inflammation (Kattan et al., 2008). ApoE is mainly produced by cells in the liver where this
glycoprotein plays a role in lipoprotein binding to specific receptors. However, ApoE
molecules are synthesized also in circulating macrophages (Werb et al., 1986) and their
production may be negatively influenced by cytokines (Larkin et al., 2000). ApoE signaling
via very low density lipoprotein receptor (VLDLR) or ApoE receptor 2 (ApoER2) promotes
macrophage conversion from the proinflammatory (M1) to the anti-inflanmn@)
phenotype. This effect may represent a novel anti-inflammatory activity of ApoE (Baitsch et
al., 2011). The ApoE protein also promotes the Thl cytokine response by modulating
cytokine production. The binding region of ApoE has been shown to have direct anti-
infective activity against various viral and bacterial species (Dobson et al., 2006).

The ApoE gene is localized on chromosome 19 at position q13.2 and comprises three
FRGRPLQDQW DOO Bfesiow € al.,A98D)(QpG MOOHOH ZKLFK LV WKF
allele in the population,encodes a protein E3 isoform containing a cysteine at position 112 (C)
and arginine (R) at position 158, E2 isoform containing C at both positions and E4 isoform
with R at both positions. Thus, six different haplotypes and phenotypes are po$sibie 0
exhibits reduced binding to the receptors, and contributes to the accumulation of remnant
particles in plasma derived from the partial catabolism of triglyceride-rich lipoproteins. On
the other hand$ S RIBas increased binding to the receptors leading to increased metabolism
of triglyceride-rich lipoprotein and reduced triglyceride level and increased LDL-cholesterol
(low density lipoprotein) in plasma (Mahley, 1988). Isoforms E2 and E3 prefer binding to

HDL (high density lipoprotein), while E4 prefers binding to VLDL (Saito et al., 2003). These
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biochemical differences can be responsible for the association of the ApoE isoforms to
various pathologic processes. E4 isoform is associated with increased risk of coronary heart
disease (Bennett et al., 2007) and Alzheimer's disease (Sadigh-Eteghad et al., 2012). In
contrast, E2 isoform, which may have a protective character in case of Alzheimer's disease,
atherosclerosis (Machal et al., 2012), and chronic HCV (hepatitis C virus) infection (Price et
al., 2006), is associated with familial hyperlipoproteinemia type 11l (Hopkins et al., 1991) and
the risk of diabetes mellitus type 2 (Yin et al., 2013).

However, to date, no study analyzidAgoEgene polymorphisms in patients with periodontitis

has been performed. Considering the results of previous studies describing changes in
FRQFHQWUDWLRQV RI OLSLGY LQ SDWLHQWYV ZLWK SHULR(
2005, Mattila et al., 2005, @HJKDQL HW DO 6KDUPD HW DO

et al.,, 2013, Penumarthy et al., 2013) and fact that hyperlipidemia can impair the immune
response toPorphyromonas gingivaligLei et al.,, 2013), the aim of this study was to
determine any possible effect ApoE genotypes in chronic periodontitis (CP) in relation to

periodontopathic bacteria and lipid levels.

2. MATERIAL AND METHODS

2.1 Study population

All patients were recruited from the patient pool of the Periodontology Department, Clinic of
Stomatology, St. Anne's Faculty Hospital Brno, from 2005 to 2013. They had at least 20
remaining teeth and were of good general health. Exclusion criteria included history of
cardiovascular disorders (such as coronary artery diseases or hypertension), diabetes mellitus,
malignant diseases, immunodeficiency, current pregnancy or lactation. The control group
consisted of unrelated subjects who did not have clinical history of periodontal disease.
Controls were selected randomly during the same period as patients and matched for age,
gender and smoking status. Similarly as patients, all controls had at least 20 remaining teeth
and were of good general health. Exclusion criteria were the same as those applied for
patients with periodontitis.

The study was performed with the approval of the Committees for Ethics of the Medical
J)DFXOW\ ODVDU\N 8QLYHUVLW\ %UQR DQG 6W $QQHYV )DI
was obtained from all participants, in line with the Helsinki declaration before inclusion in the

study.
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2.2 Case-control study

A total of 469 unrelated Caucasian subjects of exclusively Czech ethnicity from theatgion
South Moravia were included in this case-control association study. Diagnosis of non-
periodontitis/periodontitis was based on the detailed clinical examination, medical and dental
history, tooth mobility and radiographic assessment. Probing depth (PD) and attachment loss
(CAL) were collected by a UNC-15 periodontal probe from six sites on every tooth present.
The loss of alveolar bone was determined radiographically. All patients with generalized
chronic periodontitis (CP, N=294) fulfilled the diagnostic criteria defined according to CAL
levels by the International Workshop for the Classification of Periodontal Diseases and
Conditions for Chronic Periodontitis (Armitage, 1999). Inclusion criteria for patients suffering
IURP JHQHUDOL]JHG FKURQLF SHU RGIR@AH Wete\affédted &hdD V | F
3" Rl « PP &RQWUR Qpériodonting) MEKAS)QARI@ screened using a WHO
probe and the CPITN (Community Periodontal Index of Treatment Needs) was assessed;
values of the CPITN index in controls were less than 3.

In order to adjust for the effect of smoking history on periodontal disease, the subjects
(patients and controls) were classified into the following groups: subjects who never smoked
(referred to as non-smokers) and subjects who were former smokers or current smokers

(referred to as smokers).

2.3 Estimation of lipid levels
Venous blood (5 ml) was collected in a plain test tube and serum was separated. Total
cholesterol, triglycerides, LDL and HDL were estimated using a semiautomatic analyzer and

a commercial machine Modular (Roche).

2.4 Genetic analysis

2.4.1 DNA-microarray analysis of oral pathogens

Subgingival bacterial colonizatiolggregatibacter actinomycetemcomitaRerphyromonas
gingivalis Prevotella intermedia Tannerella forsythia Treponema denticola
Peptostreptococcus microsFusobacterium nucleatym in subgingival pockets was
investigated by the DNA-microarray based on a periodontal pathogen detection kit (Protean
Ltd., Ceske Budejovice, CR) in a subgroup of randomly selected subjects (N=168 for CP, and

N=114 for controls) before subgingival scaling. Microbial samples were collected from the
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deepest pocket in periodontitis patients (and from the deepest sulcus in healthy subjects) of
each quadrant by inserting a sterile paper point into a base of the pocket for 20 seconds.
Bacterial plague samples from each individual were pooled in one tube. This test determined
the individual pathogens semiquantitatively as follows: (-) undetected, which corresponds to
the number of bacteria less than®1(+) slightly positive corresponding to the number of
bacteria 16to 10f, (++) positive corresponding to the number of bacteriata0l®, and

(+++) strongly positive, with the number of bacteria higher than 10

2.4.2 lIsolation of genomic DNA
DNA for genetic analysis was extracted from the peripheral blood leukocytes using standard

phenol/chloroform procedures with proteinase K.

2.4.3 Real-time PCR

Two single nucleotide polymorphisms (SNPs) in exon 4 at the positions rs429358C/T
(112C/R) and rs7412C/T (158C/R) were analyzed using the real-time polymerase chain
reaction (RT-PCR) method monitored by SYBRreen (Calero et al., 2009). This method
was optimized due to the formation of dimers which interfered with the analysis as described
previously (Machal et al., 2012). SDS version 1.2.3 software was used to analyze real-time
and endpoint fluorescence data. Genotyping was performed by one investigator (P. B. L.)
unaware of the phenotype.

2.5 Statistical analysis

Statistical analysis was performed using the statistical package Statistica v. 10 (StatSoft Inc.,
869% 7TKH $ WHVW DQG )LVKHU+«V H[DFant\l idifferéncesiidH XVt
distribution of ApoE genotypes and alleles. To compare independent groups, one-way
ANOVA and Kruskal-Wallis tests were performed to compare continuous variables and
SHDUVRQ $ DQDO\VLV ZDV XVHG IRU FRPSDULVRQdRI FDV
95% confidence intervals (95%CI) were calculated as strength of association between
genotypes and alleles and CP. A P-value less than 0.05 was considered statistically

significant.
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of periodontopathic bacteria, but we confirmed finding of high levels of total and LDL
cholesterol in patients with periodontitis. However, the results of the study need to be proven

in an independent cohort.
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Figure 1. ApoEgenotypes in relation to LDL levels
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1. INTRODUCTION

Chronic periodontitis (CP) is an inflammatory disease of the teeth-supporting tissues in which
genetic predisposition, dental plaque bacteria and immune mechanisms all play important
roles. Bacteria which are involved in the pathogenesis of CP indRadphyromonas
gingivalis, Agregatibacter actinomycetemcomitansfannerella forsythia, Prevotella
intermedia and Fusobacterium nucleatumThe participation of these bacteria in the
pathogenesis of CP correlates with an increased level of specific antibodies in sera [1].
Suspect pathogens isolated from dental plaque continually stimulate cells in the periodontal
tissue to produce of cytokines as well as other biologically active molecules. The
development and regulation of the immune response depends on the local production and
quantities of cytokines and other mediators which influence disease progression or resolution.
The disease progression depends on the increased production of proinflammatory cytokines
(- . -/ B, IL-8 and TNF- PHWDOORSURWHLQDVHY DQG SUR
production of anti-inflammatory cytokines (IL-10, TGF- DQG LQKLELWRU
metalloproteinases [2].

Based on the concept of different functions of TH1 and TH2 lymphocytes [3], Seymour et al.

[4] proposed the hypothesis that, in patients with progressing CP, clones of TH2 are generated
upon activation with bacteria, while in the non-progressing disease, stable lesions are
regulated by TH1 clones. We confirmed these findings in our previous longitudinal studies in
which we followed, for a period of 10 years, patients with early onset periodontitis (EOP, now
known as aggressive periodontitis) with changes in periodontal tissues diagnosed between the
ages of 17-25. Such patients repeatedly exhibited increased production of IL-4 (TH2) upon
stimulation of peripheral blood lymphocytes with dental plaque bacteria while their healthy
siblings and other genetically unrelated controls with intact periodontal tissues produced a
VLIQLILFDQWO\ LQFUHDVHG OHYHO RI ,)1 7+ > @ $V |
progression of periodontal diseases are strongly influenced by the genetic predisposition of
the individual. The heritability of the disease varies from a nearly 100 % share in

S PHQGHOLDQ VIQGURPRORJLFDO” IRUPV WR VWDWHYV ZLWEk
effect of environmental factors. Rateitschekal. [6] described the genetic predisposition for

all types of periodontitis; according to Michalowitz et al. [7] genes are responsible for more
than 50 % of the risk of chronic periodontitis. The 1990s witnessed the beginning of the phase
of genetic analysis at the level of $6bOOHG 3FDQGLGDWH" JHQHV L H

proinflammatory cytokines, chemokines, metalloproteinases and other factors associated with
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the production of these mediators and their presumed role in the pathogenesis of the disease
[8, 9]. The current development of methodological options underlies the present era of
genome-wide studies [10Polymorphisms in certain alleles of cytokines have been associated
with susceptibility to a wide range of infectious or immune diseases, including periodontitis
[11 - 16] and others.

However, the role of these polymorphisms in cytolgaees in the production of cytokines in
response to stimulation by dental plaque bacteria in periodontal disease has not yet been
studied. The aim of this study was to assess the influence of IL-4 (-590C/T) and VNTR
(variable number of tandem repetitions in intron 3 gene) polymorphisms on cytokine
production after stimulation of isolated peripheral blood mononuclear cells by dental plaque

bacteria, mitogens and HSP70 in patients with periodontitis and in healthy controls.

2. MATERIALS AND METHODS
2.1 Study population

All patients with chronic periodontitis (CP, N=47) were recruited from the patient pool of the
Periodontology Department, Clinic of Stomatology, St. Anne's Faculty Hospital Brno, from
2010 to 2012. They were of good general health. Exclusion criteria included history of
cardiovascular disorders (such as coronary artery diseases or hypertension), diabetes mellitus,
malignant diseases, immunodeficiency, current pregnancy or lactation.

The control group (healthy/non-periodontitis subjects, N=15) were selected randomly during
the same period as patients and matched for age, gender and smoking status. Similar to the
patients, all controls had at least 20 remaining teeth and were general healthy. Exclusion
criteria were the same as those applied with patients with periodontitis.

Diagnosis of non-periodontitis/periodontitis was based on a detailed clinical examination,
medical and dental history, tooth mobility and radiographic assessment. Probing depth (PD)
and attachment loss (CAL) were collected bM@15 periodontal probe from six sites on

every tooth present. All patients with CP met the diagnostic criteria defined according to CAL
levels by the International Workshop for a Classification of Periodontal Diseases and
Conditions for Chronic Periodontitis [17]. The loss of alveolar bone was determined
UDGLRJUDSKLFDOO\ :H XVHG WKH 0«KOHPDQQ LQGH[ WR F
[18].
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2.4 Cultivation of dental plagque bacteria

Samples of the sulcular fluid for the cultivation of bactéAa actinomycetemcomitans, P.
gingivalis, T. forsythia, P. intermediavere collected from sites of periodontium with the

worst affected areas of periodontium$ YROXPH RI O RI by ¥mmB&kibH GLO
Heart medium was inoculated on the surface of microbiological diagnostic media in Petri
dishes. Selective cultivation of bacteria was performed according to the method of Slots [22]
on TSBV agar incubated at %7 in 10% CQ atmosphere created by GasPx® bags

(Oxoid) in an anaerobic pot. Bacteria colonies were harvested after 5 to 7 days and bacterial
suspension containing TOFHOOV PO ZDV LQDFWLYDWHG E\ LQFXEDW
Samples were centrifuged for 10 minutes at 600 g. Sediments were diluted with PBS and
centrifuged for 10 minutes at 600 g and then washed 3 times. The washed sediments were

diluted by X-Vivo medium to optical density corresponding t&&6lls/ml.

2.5 Immunological examination

Volumes of 20 mis heparinized blood were collected from the subjects under examination.
Mononuclear cells were isolated from these samples by gradient centrifugation on Ficoll-
Paque (1.077 g, Sigma). The cells were washed and then diluted with X-Vivo 10 serum free
tissue medium (Cambrex) to the concentration Jf délis/ml and cultivated for 3 days at
37°C in5% CQ atmosphere and stimulated with the bacteria *%(16ellgml)
A.actinomycetemcomitans, P. gingivalis, T. forsythia ,P. intermeaibPokeweed mitogen
3:0 6LJPD J P O-stinnu@téd ByRPokeweed mitogen in combination
with &RQFDQDYDOLQ $ 3:0 J PO &RQS$ 6LJIPD J PO
J PO 7DEOH -da¥ lcwltiationy tkeHmedium was collected and stored &tG20
for the determination of cytokined.¢ . IL- ,#4,1L-5, IL-6, IL-10,IL-17, IFN- TNF-.
VEGF ) by the Luminex multiplex method 80,1 (;S 70 DQDO\JHU 5 " 6\VW
USA). Cytokine production in subjects with different genotypes of IL-4 polymorphism was

then compared.
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LPSRUWDQW VWLPXODWRU RI SURGAGIWNRQWlarfd\lW¥ RNLQH\
while P. intermediaaffects thein vitro production of IL-6 and IL-10 in patients with
periodontitis. Production of IL-17, IL-4 and IL-5 was not affected by the short-term

stimulation by any of the above factors (Figure 1).

4. DISCUSSION

An in-depth understanding of the interactions between periodontal pathogens and the immune
response of the organism requires the knowledge of the pathogenesis of periodontal disease.
The first phase of inflammatory response to the action of dental plaque bacteria involves the
development of mostly humoral and cellular mechanisms of unspecific immunity with the
participation of individual components of the complement, macrophages and
polymorphonuclear leukocytes (PMNs). The subsequent phase is characterized by
accumulation of lymphocytes; the inflammatory infiltrate is dominated at the beginning by T
lymphocytes while the later chronic phase shows the shift to B lymphocytes and plasma cells
[25]. This is in agreement with the Seymour hypothesis [4] which presumed the participation
of TH2 clones and production of IL-4 during the progression of periodontal diseaseinAfter
vitro stimulation with P. gingivalis and F. nucleatum,most lymphocytes obtained from
biopsies of periodontitis-affected tissues were of the TH2 phenotype [4]. In additiorinafter
vitro stimulation of peripheral blood mononuclear cells, a significantly higher production of
IL-4 and lower production of IFN-were found in patients with early onset periodontitis (now
aggressive periodontitis) compared to their healthy siblings in our previous study [5].
However, inactivation of IFN- D Q @.2,lby gingipains fronP. gingivalisat inflammatory

sites could also down-regulate TH1 responses (associated with non-aggressive periodontal
lesions) and promote TH2 pathways and polyclonal B-cell activation in advanced
periodontitis [26].

The results of the present study point to the importance of TH2 subpopulation and single
nucleotide IL-4 gene polymorphisms in periodontal disease. One of the most important
findings is the proof that the -590C/T polymorphism in the promoter region and VNTR in
intron 3 of the gene encoding IL-4 affect not only the production of this interleukin, as
described earlier [27-29], but also the production of other cytokines in response to the action
of dental plague bacteria or selected mitogens, this effect being much more conspicuous in

patients with chronic periodontitis when compared with healthy controls.
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The greatest effect of stimulation wiih forsythiaon production of IL-10 was observed in
patients with periodontitis carrying the genotypes CC (-590C/T) and 11 (VNTR) of the gene
encoding IL-4 while the increase in the levels,gf1 -/ s/ DQG 71). LQ SDWLHQ
the same genotypes was lower. The levels of regulatory cytokine IL-10 in patients with
periodontitis carrying the appropriate genotypes of IL-4 polymorphisms were also
significantly increased, after stimulation with. intermedia When compared with the
controls, these data can point to a lowered function of T regulatory clones in these patients. In
contrast to patients that exhibited increased production of the above mentioned cytokines in
the presence of genotypes CC or 11, higher production of IDIWHU VWLPXODWLRQ
and the bacteriunA. actinomycetemcomitanwas found in control subjects carrying the
combination CT+TT (IL-4-590C/T) and 12 (IL-4 VNTR).

Based on our previous results [15], [5] we assumed that, after stimulation with dental plaque
bacteria, IL-4 gene polymorphisms in periodontitis patients would in particular affect the
production of cytokine IL-4. Contrary to this assumption no significant increase was found in
the level of IL-4, while stimulation withT. forsythia and P. intermediaresulted in
significantly higher levels of other cytokines. These results are in keeping with the data in a
number of recent studies which documented that polymorphisms in genes encoding some
cytokines or their receptors can affect the production of not only their own but also other
mediators. The results of the study by Wallis et al. [30] indicate that 150V SNP it p&Rt
controls production of IL-17 by TH17 cells cultured from healthy individuals. Similarly, the
minor allele of the IL-4R SNP (rs1805010), which confers impaired IL-4 signaling and has
been associated with an aggressive destructive course of rheumatoid arthritis (RA),
contributes to increased TH17 cell frequency, enhanced clinical activity and accelerated
radiographic progression in RA by rendering CD4 T cells from RA [31].

There were several limitations to this study. For instance, the short cultivation time of
lymphocytes isolated from peripheral blood with bacteria and mitogens. Also, the healthy
control and periodontitis groups were not precisely matched by sex. Lastly, the small sample
size precludes any robust claims and points to the need for additional large longitudinal
studies of cohorts of patients with periodontitis. For this reason, two statistical methods for
evaluation of results were used.

It appears that the knowledge of the genetic background of chronic periodontitis will remain
IRU TXLWH VRPH WLPH RQ WKH OHYHO RI NQRZOHGJH RI

factors whose effect on the disease will depend on a broader, still unexplored genetic
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background and a number of epigenetic factors. The differences in the findings published in
individual studies are hindered by the fact that individual populations in the world can differ
in the frequencies of the alleles of appropriate polymorphisms. Other factors that may play a
role are different approaches to data evaluation and differences in clinical evaluation and
selection of patients. For example, the periodontitis of young subjects, formerly presented as
early onset periodontitis or juvenile periodontitis, is at present classified as aggressive
periodontitis. In a longitudinal (10-year) study, we explored the progression of early onset
periodontitis in patients aged 17-25 years at the beginning of the study. Over the years, the
disease in some patients progressed while in others it did not [15, 32]. According to current
criteria, all patients would be classified at the beginning of the study as suffering from
aggressive periodontitis. This fact points to the importance of preventive examinations
focused on the initial changes of the periodontium of young subjects and on early preventive

therapy.

5. CONCLUSION

Our study suggests that polymorphisms in the IL-4 gene affect not only the production of the
IL-4 cytokine but can influence production of several other cytokines, such as IL-10, IFN-

IL- band TNF- ZKLFK LQ WXUQ FDQ DIIHFW WKH FOLQLFDO
disease. Further studies are needed to clarify the association of these polymorphisms with
cytokine production in other populations. Our results are in agreement with the assertion by
Seymour et al.[33]: At the beginning of the 2f' century, we have to turn back to the
resolution that the successfulness of periodontitis therapy will be decided by genetic

predisposition.
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Table 1. Scheme oin vitro stimulation of mononuclear cells

Cells Cultivation X-Vivo
(10" b/ml) Stimulation medium
PWM 100 — O 100—FWVM 800 — O
PWM+ConA 100 —O 100—ROVM)+100—@DdnA) 700 — O
A.a. 100 — O 100—Aa. 800 — O
P.g. 100 — O 100—Ry. 800 — O
Tf. 100 — O 100—Td. 800 — O
unstim. 100 —O 900 — O
PWM=Pokeweed mitogen, ConA=Concanavalin A, A.a=Aggregatibacter

actinomycetemcomitans P.g=Porphyromonas gingivaljs T.f=Tanarella forsythia

unstim.=without stimulation
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Table 2a. Sample of medians for cytokine levels expressed by mitogenes (PPA®), HSP70 and selected
bacteria in comparison of patients with periodontitis (N=47) Aral healthy controls (N=15) in division to
groups by IL-4 genotypes (polymorphisms)

periodontitis patients healthy controls
locus: IL-4-590 IL-4VNTR IL-4-590 IL-AVNTR

polymorphism CcC CT+TT 11 12+22 cC CT+TT 11 12+22

(N of patients): [ (30)  (16+1) (28) (17+1) (8) (5+2) (10) (5+0)
cytokines [pg/ml] | sample medians| sample medians | sample medians | sample medians
IFN gamma_PWM| 116.7 180.6 116.8 147.6 4.5 178.6 4.5 178.6
IFN gamma_P+C | 92.8 71.2 113.6 56.0f 126.9 81.6|] 126.9 81.6
IFN gamma_HSP7( 1.5 0.3 1.1 0.3 1.1 0.3 1.1 0.3
IFN gammaP.g. 0.9 1.6 0.7 21 0.6 0.4 0.5 0.4
IFN gammaA.a. 2.9 1.1 2.9 1.1 1.0 2.1 1.0 3.2
IFN gammaT.f. (2Bl 0.4 2.1 0.4 1.6 0.3 0.4 0.4
IFN gammapP.i. 0.8 0.2 0.8 0.3 0.7 0.2 0.3 0.2
IFN gamma_unstim 0.7 0.1 0.6 0.1 0.0 0.1 0.0 0.1
IL-10_PWM 63.5 60.3 90.3 55.1 76.0 85.7 76.0 180.7
IL-10_P+C 37.2 30.4 41.0 27.6 125.9 105.1 125.9 105.1
IL-10_HSP70 51 1.7 5.6 3.2 9.7 10.3 10.4 4.8
IL-10 P.g. 2.5 2.3 1.8 3.6 0.5 0.3 0.5 0.3
IL-10_ A.a. 28.8 25.2 36.8 24.0 26.6 58.2 26.6 92.5
IL-10_T.f. 18.2 | 068 20.6| 134.2 529 926 63.8
IL-10_P.i. - 27| 227 3.0 9.2 3.7 5.7 5.5
IL-10_unstim. 2.7 0.4 2.0 0.6 0.4 2.1 0.7 2.8
IL-17_PWM 8.0 15.0 8.5 135 47.2 127.0 47.2 127.0
IL-17_P+C 34.4 62.1 50.2 42.21 239.2 140.4 239.2 140.4
IL-17_HSP70 6.3 1.2 4.0 1.4 7.2 0.3 7.2 0.3
IL-17_P.g. 1.1 0.4 1.0 1.2 0.1 0.3 0.1 0.3
IL-17_A.a. 2.6 1.1 2.4 1.9 0.3 1.2 0.4 1.2
IL-17 _T.f. 1.6 1.5 15 2.1 0.7 0.4 0.3 14
IL-17 P.i. 1.5 0.0 15 0.1 04 0.4 0.3 1.5
IL-17_unstim. 1.2 0.5 1.0 0.8 0.2 0.3 0.2 0.3
IL-1 apha_PWM | 141.3 160.7( 152.0 158.7] 231.3 258.7] 197.1 412.2
IL-1 apha_P+C [ 140.0 124.6 140.6 1242 159.9 247.1] 159.9 261.1
IL-1 apha_HSP70| 32.8 13.0 523 13.0 241 1240 31.1 124.0
IL-1 abha_P.g. 47.5 440| 475 447 38.4 69.9| 442 63.8
IL-1 apha_A.a. 97.2 99.3 97.2 110.5] 129.7 350.3] 133.5 405.3
IL-1 apha_T.f. 106.3 37.7( 106.3 46.7] 1214 236.9] 1115 355.3
IL-1 alpha_P.i. 134.2 17.0] 133.3 34.4 84.4 242.3 84.6 242.3
IL-1 apha_unstim.| 17.4 6.8 18.8 9.0 20.8 140.2 22.5 140.2
IL-1 beta PWM | 583.3 267.1] 655.9 2142 676.4 839.7] 676.4 839.7
IL-1 beta P+C | 533.3 278.3] 600.2 266.5] 695.2 610.5] 571.9 733.8
IL-1 beta_ HSP70 | 141.5 34.7( 228.9 34.7 93.6 335.9] 1434 335.9
IL-1 betaP.g. 33.2 13.8 33.2 16.3 22.9 8.2 22.9 8.2
IL-1 betaA.a. 533.3 482.3] 533.3 405.2] 4395 483.6] 439.5 748.0
IL-1 betaT.f. |516.8 109.6| 53818 101.8] 521.6 448.5( 479.4 558.8
IL-1 betaP.i. 251.0 63.8| 244.7 68.7] 302.9 342.0] 302.9 390.8
IL-1 beta unstim.| 83.5 21.9 91.8 16.6 66.0 195.2 66.0 247.7

Yellow, green and red colours denote significantly higher levels of cekior p<0.05, p<0.01 and p<0.001
(respectively), how they were found by Kruskal-Wallis tests in applicatiarotiple locus in table header (the
minor homozygous locus was connected to a heterogeneous locus ftorrtiad increase the statistical
significance of results)
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Table 2b. Sample of medians for cytokine levels expressed by mitogenes (PA®), HSP70 and selected
bacteria in comparison of patients with periodontitis (N=47) and healthyot®iiN=15) in division to groups
by IL-4 genotypes (polymorphisms)

periodontitis patients healthy controls
locus IL-4-590 IL-4VNTR IL-4-590 IL-4VNTR
polymorphism ccC CT+TT 11 12+22 CcC CT+TT 11 12+22
N of patients 30 16+1 28 17+1 8 5+2 10 5+0

cytokines [pg/ml] | sample medians| sample medians | sample medians | sample medians
IL-4 PWM 3.6 3.9 3.7 3.4 4.3 3.6 4.3 3.6
IL-4 P+C 3.7 4.4 4.0 4.0 0.9 2.2 0.9 2.2
IL-4 HSP70 0.7 0.6 0.0 1.2 1.2 1.6 1.2 1.6
IL-4 P.g. 0.5 0.1 0.1 0.1 0.7 0.7 0.7 0.7
IL-4 Aa. 0.4 0.1 0.1 0.1 1.9 0.7 1.9 0.7
IL-4 T.f. 1.8 0.8 0.1 1.6 1.2 1.2 1.2 1.2
IL-4_P.i. 0.7 0.0 0.3 0.6 0.7 0.7 0.7 0.7
IL-4_unstim. 0.0 0.0 0.0 0.0 0.9 0.7 0.9 0.7
IL-5_PWM 5.7 37 8.4 14 73 106 73 106
IL-5_P+C 8.7 95 9.0 69| 200 92| 200 9.2
IL-5 HSP70 15 0.3 1.0 0.6 3.8 6.0 43 5.2
IL-5 P.g. 1.0 1.2 0.9 1.2 3.0 3.8 3.5 3.7
IL-5 A.a. 1.7 1.0 15 1.2 3.3 5.2 3.3 5.2
IL-5 T.f. 1.9 0.6 1.8 1.2 2.0 2.9 2.4 2.9
IL-5 P.i. 15 0.6 1.7 0.6 2.4 3.4 2.9 3.4
IL-5_unstim. 0.7 0.7 0.6 0.9 2.5 3.4 2.5 3.4
IL-6_PWM | 35000 35000 35000 35000 21431 32818 21431 32818
IL-6_P+C 31965  2280.7] 3500.0 2267.5 28765  1593.1 28765 1593.1
IL-6 HSP70 | 773.9  141.4| 11431 519 8885 204071 8885 2040.7
IL-6 P.g. 19.8 106 198  115| 138 65| 138 6.5
IL-6_A.a. 3500.0 3500.00 3500.0 3500.00 3500.0 2076.7] 3366.9 2076.7
IL-6 T.f. 3500.0 1035.3[ 3500.0 913.9| 3457.2 2037.2] 3449.9 2037.2
IL-6_P.i. 1052.6 350.9] 1102.1 585.5| 3011.5 324.3| 2387.8 324.3
IL-6_unstim. 214.8 20.0 227.2 8.0 468.4 558.5 418.9 601.9
TNF alpha_PWM | 10859  1002.3 12501  963.4] 15066  1209.1] 14942 12091
TNF alpha_P+C 10715  450.2| 11272  4421| 15794  1531.3 1596.6 1531.3
TNFE alpha_HSP70| 32.1 116 926 106 634 1522 876 1522
TNF alphaP.g 20.6 136 211 133 2.1 08 2.1 0.8
TNF alphada. | 4071 4622 5108 4418 9330  527.6) 9330  527.6
TNF alphaT.f. 650.9 179.7 687.5 147.2 899.8 387.6 886.2 387.6
TNF alphaP.i. 74.0 39.1 73.4 55.0 80.5 38.2 73.4 38.2
TNF alpha_unstim. 14.0 6.6 16.7 4.8 7.0 21.1 10.5 18.7
VEGF_PWM 13.7 55 14.4 5.1 17.1 4.9 11.0 11.9
VEGF_P+C 21.7 94| 272 93| 123 5.2 9.6 5.2
VEGF_HSP70 | 32.8 106 355  16.0| 54.0 144 427 157
VEGF P.g. 17.9 9.4 17.4 15.3 2.9 55 5.1 2.1
VEGF Aa. 27.4 277 270 205|478 278| 239 304
VEGF T, 18.4 170 172 190 189 111 106 139
VEGF P.i 30.2 152 201  226| 302 152 204 152
VEGF_unstim. 24.9 228 206 219 398 102| 356  10.2

Yellow, green and red colours denote significantly higher levels of cyekior p<0.05, p<0.01 and p<0.001
(respectively), how they were found by Kruskal-Wallis tests in applicatiaotple locus in table header (the
minor homozygous locus was connected to a heterogeneous locus ftorrtied increase the statistical
significance of results)
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Figure 1. Statistically significant (higher) production of cytokines (unstimulated and
stimulated by bacteria) on alleles of IL-4 SNP genes for patients with periodontitis (N=47)

and healthy controls (N=15}evaluation by Spearman rank correlations

Remark: Our application of Spearman correlation analysis gives us the very similar results in
comparison with levels of significance observed by K-W method with preliminary
aggregation of two adjacent minority alleles (see legend under Table 1); application of
6SHDUPDQ UDQN FRUUHODWLRQV GRHVQTW UH@athEdesDQ\ G

related to expression of cytokines on homozygous allele.
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Summary

Background: This review summarizes the current state of knowledge about the relationship
between diabetes mellitus (DM) and diseases of the oral cavity tissues. In the introduction, the
authors define diabetes including its classification, describe causes of DM origin as well as
complications accompanying this disease. Further, the actual epidemiological data related to
the diabetes occurrence in the Czech Republic and in the world are given. The authors
summarize manifestation of DM in the oral cavity and its impact on the periodontal tissues
(gingivitis and periodontitis), caries rate, state of the oral mucosa (oral candidiasis, oral lichen
planus, atrophic glossitis, stomatodynia, glossodynia), state of the salivary glands (diabetic
sialoadenosis), saliva formation, perception of taste stimuli and healing wounds in the oral
cavity (extraction and other surgical treatments). The authors also explain in what manner and
by which mechanisms the oral cavity tissues in DM patients are affected. The long-term
increased blood glucose level leading to the origin of advanced glycation end products
(AGEs) is considered as the main etiologic factor. These products together with other
pathogenetic mechanisms (e.g. oxidative stress, polyol accumulation) lead to structural and
functional alterations of capillaries, changes in collagen metabolism, functional changes of the
immune cells, and bone metabolism. Study also shows a mutual relationship between DM and
periodontitis and the effect of the periodontal treatment on this metabolic disease. The authors
also consider effective prevention and insufficient motivation of diabetic patients for oral
health care. In conclusion, results of tH& Buropean Workshop in Periodontology, which

was held in Spain in autumn 2012 and focused on the relationship between periodontitis and
systemic diseases, are mentioned together with the reference to the online proceedings of this

conference where free full texts of all science communications are available.

Key words: diabetes mellitus, oral cavity, caries rate, gingivitis, periodontitis, oral membrane

mucous diseases
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DM 1. typu (G tYH R]QDpRYDQEGMIIBNR GOXN4§ 51® GLDEHWLNS
]DPptQi REYGNOWHW YtPOHERSAH VH DOH PDQLIHVWRYjPHW L YH
S tpLQRX MH DEVROXWQt QHG® \PWOWMNH GQPX OOQXR L' R K KRil] W
EHWD EXQ N /DQJHUKDQVRYEFK BOWWSYSISRVOLYL BN\ XE
autoimuniW GURWLOIWN\ QHM¥RMXD BQAWRRQAMH QHWLFNi SUHGLVS
GLDEHWX WV\SX D VSRX&W FtP IDNWRUHP EéYi QHMpDV
QHER GX&HYQt ]iW & 'DO&tPL W\S\ MVRX JHVWDp@t, GLDEF
PHJL NWHUp VH DGt QDS tNODG VHNXQGiUQt GLDEHWHYV
VOLQLYN\ E L4Qt ]iQ W\ WXPRU\ SROpNRY& GLDEHWHYV
JHQHWLFNp GHIHNW\

(SLGHPLRORJLFNp ~GIDSHUDPNOWIBGNK SUDFt XND]XMt C
LQ]XOLQRYRX UH]JLVWHQFt GLDEHWHP WISX SRUXFK
VSRUDGLFNp IRUP th$roykHMPRH SRWAIRORJLENp SURMHY\ SUD)
V PHFKDQLVP\ NWHW D BYRXP VESRIMHRHWDEROL]PHP JOXNYy
DXWR L SUR W RIRRX Rt B RIRIRYDER melifus 3. typu [51].

Diabetes mellitus - komplikace

'LDEHWHV PHOOLWXV MH SURYi]JHQ NRPSOLNDFHPL NW}
K\SRJO\NpPLH QHER FKUROQlsolN ) &% MREp B ED BPGIRBEH Y 4t P

FKURQLFNp SR]GQt NRPSOLNDFH MHMLFK& KODYQt S tpLQ
VNUYL NWHUi ]SSVREXMH QHYUDWQp |P Q\ QD FpYQtP HC
WHSHQ D ALINSJIRNMDVNXOiUQt NNHR FCSLADLEN-DAF IHE IetinQpiitisl Ry®D W L H
]JP Q\ MVRX ]JiURYH SRYDARYiQ\ ]D VSHFLILFNp SUR '0 D
3RVWL&A&HQtP YRONORK IFYWNXOiUQt WRRSIO LIWDIHFHRVNOHUY]D
QHXURSDWLH G4V QHRGNIMIQM]iQ WOLYpKR SRANR]HQt VWU,
neUY$ .RPSOH[Qt S tpLQ\ Pi SRWRP VBQGURPH®LDNEHW LW N
QHM]iYDAQ MatPVEOREDpBEBOHGNX PLNURYDVNXOiUQtFK |
WV\SX MVRX pDVW M&t DWHURVNOHURWLFNp ]P Q\ @D YHO
FKRUREX VUGHpPQt D FHUHEURYDVNXOiUQt RQHRRARFQRP 'L
WDNp N Q NWHU&P W\S$P QiGRUS$
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Projevy diabetuv GXWLQ ~VWQt

2Ui0OQt SDMR WIHH Y\ galbBdvit, VOL]QLF GXWLQ\ ~VWQt VOLQQEéFK
WNiQt =RBRWKQ ~VWQt Y WAaLGPROXN RR WHIWSIR® GXMENWX GF
]S$VREHP OppE\ ~URYQt NRPSHQ]JDFH D S tWRPQRVWLt GDO
S HGHYatP GLDEBWXKRGWRE SUREtKDMtFtP D QHGRVWL
RQHPRF[®.QtP

'LDEHWHY [HMPHOQD N hparydotitity/ X kterou popsal profesor Harald| H

vroce 1993 MDNR AAHVWRX NRPSOLNDFL GLDEHWX3 N ]iNOCL
GLDEHWLFNiIi QHIURSDWLH UHWLQRSDWLH QHXURSDWLF
GLDEHWLFBRBh QRKW SDURGRQWXt DXEMYNMEBRMAL NWEMNE SRSL
GLDEHWLNS$ Q NWH [BR7Y, ®IPEHP Qp VW DE AWV K& W B p[SDFQ H QWS W
[3,19,25]. PatelVH VSRO XS provEdi ¥ Q8N \v letech 2003- UR]JVIKORX VW)
]JDP HQRX QD VWDY FKUXSX NWHUp VH ~)pBSW3tlio&kH R
17 E\OR ]FHOD Etohp¥#EEMBK GLDEHWLNSRE EH] WRKRWR RQ}
Kazivost chrupu X GLDEHWLNS$ RYOLY XMH DGD IDNWRUS$ -VRX
NDSDFLWD VOLQ\ G$VOHGHN SRVWLAHQO XyOysQXBEK &0i]
VVXONXOiUQt | SSHNEMERUJIO\BERLIDOEt S thLQRX P$AH Eé
IUHNYHQFH S tMPX SRWUDY\ X GLDEHWLNS$ BJKRU&t NYDOL
IHGRVWDWHDpP Qi hypwsiilieE BRWONLJH Qi V F[18 Wil [zZJQXD MABID\e Y DM t |
xerostomie,E\OD |ML&W QB DODERON ONEWH t DXWR L XYiG Mt SRFL
u 50- S tSMPG,3$7]. SeVQtaAHQEP PQRAVWYtDWORQ H RX YWYt V.
(IHMPpQD DWURILFNiIi JORVVLWLY D VQD]at WYRUED GHN.
3 thLypBsalWDFH QHQt JFHOD MDVQi DOH SUDYG SRGREQ VH
ED]iOQtFK PHPEUIQ 40i]JRYpKR HSLWHI X HDG &R WORKKN NP IVNOLL
YpVW VSROHPQ VH VQtaHQR XJDBXNY LWRHK XDanddgiteetR K O Q F
NDQGL[GBYIX]. SURMHYXMH VH S HGHY&tP MDNR FKURQLFNi LC
SDFLHQWS$ VH VQtPDFtPL ]XEQtPL QiRHEBDPVHXCRKXOPEQ
NDQGLGy]D REU 8 GIBNRESMQINRY DUHEFXXMH QHGRVW
DOQWLP\NRWLFRRWWROGRrPEHWLFL MVRXDMDWHU LQORKIVO Qi a
]SSVREHQéP RGRQWRJHQQt LQIHNFt[20). ND OBH MNLR R 0 \A\KDOR
poruchD KRMPHIQNEFK WNiQt D RSRAG Qp KR BOHQ.t1 H W WBIN [Pt |
jsou VWRPDWRG\QLFNp D JORVRIGMBUENK RHEHWSAHGSRNOIGI

GLDEHWLFNp20.HXURMHDYKIMEt VH SIiOHQtP VOL]@dech&@XWLQ\
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Projevy diabetu v oblasti parodontu

Souvislosti mezi DMD R Q HP Rp&odntu jsoi QiPMLA YtFH QthHOWRY @QtH W
YE]NXP SUREtKi |JHMPpQD RG VHGPGHViIWEéEFK OHW PLQXOy
vWRP A4H GLDEHWHV [SWXWOHOHQ@QFILGKQRUUHVL D 1iYDa
[24,31,33,48].

UmaGEFELDEHWLNSMH WRSAVRYIQD S HGHYatP Y\aadat SUHY
gingivitid [6,29]. OEMHY XMt VH D& GYDNUiW pDVW ML QH& X ]GU
S H G Hmezt P1. a 13. rokem [22,29]. Ukazuje sé H MXYHQLOQt GLDEHWLN U
WDNRYp PQRAVWYt PLNURELIOQtKR SRYODNX NWHUp E\
ZKOHGLVND Y\YROiIQt JLQJLYA.WLL BW MUWE VS U SRIGSYDKRIYp At
sdiabetem 1. typuY N Y\aHW RI8IeQ ERQ\ |MLAW Q\ J]QiPN\aSdOURGR
GYDNUiIW D& W LNUiW pDVW[2,P5]Y ADOUWDRDY § HQ YV Y RIOGSUDD/FER Y. C
U\FKOHM&t SURJUHVH SDURGRQWLWLG\ X GY\REH W DPNARKF
JO\NRYDQpKR KHPWRIOWSERQYEIYNRP SHQ]D H21R GNX WK (F QW R
YEVOHGNS$ Y\YR]XMt aH SDURGRQWDRWLK: D RPRFAGIL HBOWt NGH.G
7DNp X GRVS OéFK GLDEHWLNS W\SX NRUHOXMH SRVW!
NRPSHQ]DFH JINODGQtKSRt RRARRNVNY QG DOAtFK GLDEHWLFNGE
a,b).

9 é ] N Xv2tahu mezi parodontitidou a DMH YA&DN VRXVW H XdbeteS HHGHY &1
typu SURWRAH GLDEHWLFL W\SX EEYDMt G LD WMV LMRDI
YH Y NRYp \V-DNoXehLkQy se parodontitGD QHP XVt dvojgdtwWw JFHOD
ZYEVOHGNS$ Y\SOéYi aH 'o WASX JY\aXMH DO &NR LYN QLW X
VH VSROXSUDFRYQtN\ DQDO\|IRYD®RGERNXQEWK GlBtetm H i H M K
1960- NWHUp VH ]DEmatemq46]VOAEWROWpP VW &HMQtFK SUDF
ZQLFK SRWYUGLOR Yé]QDPQé YOLY GUBEHWXpQDRYWE O pS i
Y\aHW LO RVRE VWDUatFK OHW [MLVWLO353 SRNL
WUS OR PXa$ @aEHWAHHR) V W\S X 8 % ogdb Rez Q@iaketu Y25].

K SRaANR]HQt SDURGRQWIOQtFK WNiQt S LVStYi S HGHYAtF
GSVOHGN\ SBVURGRIPMMX WWE\ WIRXNY MH GLDEHWLN NRPSHQ
UR]JYLQXWp V\VWpPRYp NRPSOLNDF@D Gip OHKD NWURIQt B D
VFKRSQRVWL SDFLHQWD L RadHW XMtFtKR OpND H XGUAaH\
[6,19,35,45,46]. VDUSVWDMtFt GRERRIWWXISHPGEREFHQURKDFYY QtF|

JHVLOXMH YOLY PHWDEROLFNp FKRURE\ QD SUS$E K D ]iYD
198






(WLRSDWRJHQH]H RQHPRFQ Qt SDURGRQWX X GLDEHWLNS$

DM VQLAXMH UH]JLVWHQFL SDURGRQWX6]Q-PO0 B Y Q&G SQtth IOGRRX C
QHGRVWDWHpPQp RGROQRVWL MH GORXKRGREiI K\SHUJO\Np
UHDNFH YH WNiQtFK '$VOHGNHP MH SRVWXSQp SRANR]HC
LPXQLWQKRNAWNWHOH Q&togbyURGRQWIiOQt

V SURVWGHEBXKNRGEFEIEHH QRX KODGIGREX MOMWNYRQHHQ]J\PDWLFNDp
PROHNXODPLIEQONBRNEIRWEIN S URG XN Advadcad NEDy€ation End
products - $*(V NWHUp SRVWLKXML ED]iOQt PHBBWI@X EXYHN
W NiQ40].KTvorba AGEsPi QHS t]QLYé YOLY S HGHYAatP QD FpYQt
SURWHLQ\ PH]L NWHUp SDW t NRO[R9.HXY ®LWQ O WW\DR X DI L
LPXQLWQtKR V\VWpPX 6RXpDVQ VH ]JiVDKHP GR FKHPLFN
]JP Q QHER GRNRQFH JWUIWI2IMHKR S$YRGQt IXQNFH
BWUXNWXUIOQt D IXQNpQt FODPOR @PONVO O NROFKIi MKNiQt MVRX !
VH SRSLVXMt QD RpQt VIWQLFL [029.0RPHUHPO $I'HK OINWEXLBLC
PHPEUIQ\ NDSLOiU ]HGtHSRY h VDD REN O WOMREDrAdiecd35].DTye U R E Q
]JP Q\ UHGXNXMt NUHYQt SUSWRN ]JY\aXMt YLWNgRaREEW X N |
OHXNRF\W$ D LPXQLWQtFK IDNAVR %P |CRQUJIFHRFUO@D WSL
YEVWHON\ MH JHVtOHQiIi FRa QDUXAaXMH WUMNZVSRAAMQQ X W
SHUPHDELOLW)\ SRBKAOAHQRtYHBDHLNURYéEFK IXQNFt D WNi RYg
]JYEAHQRX QiFIQIHNEYW \RSRAGIODp KRMHQt UDQ

1iV O H QbrtcR metabolismu kolagenu GRFKi]Jt NH VQtaHQp SURQ®@LIHUD
UHGXNFL V\QWp]\ NRODJHQX[1B]. FOBNRIVQD PKQRBR GQNID QNMRO L
GLDEHWLNS$ SRANR]XMH JLQJLYiIOQt SRMLYR D SDURGRQW
Y\WYR HQpKR NRODJHQX VQLAXMH RGROQRVW SDURGRQW.
NXPXOXMH 9\]QDpXMH VH WRKXH QRXH ]SHIRIR WRAB¥IV W Q R
UHPRGHODFH FRAa YHGHKRWMHQSERPREHQPRXFKLUXUJILFNEF
SDURGRQWRQ®R,A0FNp OpbE

ZP Q\ LPXQLWQIMK/EX GN\ Y\ WRNRX DILQLWRX PROQRR\WS$
k$*(V 9iat VH QD W\WR VXEVWDQFH SRP RjgithlaktiFadiW R U $
SQIVOHGIQEéANHHQpP V\QWp]H ]iQ WOLHHEGHKAaARP GAIQWRUBHXNLQS$
TNF-. [23,29,40,47].

ODNURIiJ\ MVRX ]JRGSRY GQp ]D Y\VWXaSpdri¢iXQ RRKMHQ tWDD

Funkce SRO\PRUIRQXNOHiIUQtFK OHXNRF\W$ 301 MH QDRS
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JRGSRY G Qendibmbpibildiu a mortalitu spojenou s diabetem [15,29,3D]G D S& DFt

shoduje na tom,aH SUHYDOHQFH D NRBDSQRMHUM XAKIWIRFK GLDE
retinopatii, nefropati, QHXURSDWLL D NDUGLRYDVNX®HU Qity IREQUHPWRVA
parodontitidy [6,38].1DS tNODG X GWLODERXVERY RGRQWLWLGRX E\OD
GLDEHWLFNRX QHIURSDWLL NUIiW Y\daat D QD LVFKHPLF
GLDEHWLNS$ V PtUQ SRNURPLOREL.SDURGRQWLWLGRX QHEF

Vliv parodonto ORJLFNp OppE\ QD GLDEHWHYVY PHOOLWXYV

Diabetiky s parodontitidoull QXWQp OppLW YHOPL LQWHQ]JLYQ 1HOp
YpVW N V\VWpP Rarganixmilj @dukovat inzulinovou rezistelbi SRGSR LW Y ](
GLDEHWLFNEéEFKIISRIIS MWGDD VW XGLt SRWYUGLOD &H HIHNV
OppED P$aH UHGXNRYDW KODGLQX JO\WWRYDQpKR KHPRJ¢
NRPSHQ]JRYDQéFK GLDEHWLNS$ V [BRXN4A3R pMedddriR \ S NWRHAR@ W
K WRPXWR HIHNQ.KKMBRERKJFIHOD MDVQp 6 QHMY Wat SUDYC
JO\NHPLFNpKR SURILOX SDFLHQWD ~pDVWQt SRNOHV V
]iQ WOLYéFK PHGLIWRUD -6]\HMIFDQOR¥MWL QD UHGXNFL ]iQ V
OppE

2ER XV WU DA diapéldin a parodontitidou

$XWR L 6RVNRNXYHGEWO KOS RW p heX HiabetknX a parodontitidou [41].
PUYQt WH]H SSHOPRXNORXIYLVORVW S tpLQ D QiVOHGNS$ +\S
X GLDEHWLNS$ ]S$VREXMt PHWDEROLFNp SRaANR]JHQt SDURG
rozvo PLNURRUJDQLVP\ LOQGXNRYDQp SDURGRQWLWLGWH 'UX}
QHS t]QLYi NRPELQDFHSSNREHRYRAHKQIDNWRUS$ RYOLY XN
SRGREQEFK LPXQRORJLFNéEFK PHFKRRhADP® Y]EHWRRIE BXH Gk
4H RE K\SRWp]\ PRKRX 3 CDMMWR WRXPDARXP YdbMHP QpK
RQHPRFQ Qt WDN BRRX2GLANRYDRAHQW GLDEHWHYV D SDURG
VH A]DpDURYDQé& NUXK3 FLUFXOXV YLWLRVXYV NG\ SDU
S LVSISR\WWVLAHQt DG\ WNiQt YPHWQ GXWLQ\ ~VWQt

V SRVOHGQtFK OHWHFK VH XND]XMH aH WDNp REH]LWI
parodontitidy, S LpHPa ]iQ WOLYp RQHRPREI DN PBERFGRAWXLW P
VIQGURP MHKRYRM H[IMREBI44]L Ri® vztah mezi parodontitidou, obezitou a
PHWDEROLFNéP VIQGURPHP YPHWQ GLDEHWX WIS X PDI
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[28]. &KDIIHH VH VSROXSUDFRYQtND @D 8 &G Ya] )RR Qi&FKR X URD!
REH]LWD D SDURGRR®ERUY &FRK NDIHENW PR]QK FINEB K pGQ P D E
SRVRX]HQt Y\EUDOL QH]iYLVOEFK SRSXO DirqivRtlidouW X G L1
P OLR MHGQX W HWLQX Y\44t SUHYDOHQFL RW¥zthhinwA QHA
REH]JLWRX D SDURGRQWLWLGRX E\O Y&]QDP Q M&tXXEa&Qp
GRVS Op SRSXODFH

ORWLYDFH GISpHPHVRLRBIiOQt JGUDY't

DGD DXWRU$ VH Y QRYD (RIViDJQ¢ P K X] GALIDYEtH VOEN ® HNG N\ W |
UHJLRQIOQ RGOLZQp DOH SLID\EWMR QP JRID\WX R tV MSIMOR G X\B
QHGLDEHWLFNIpOR PDWDVRI FKRGt QD SUHYHQWLYQt ]XEQ
QDY&AW YXMtDNXWROPKYS tSDGHFK QHER WHKG\ SRNXG VL
ZQLFK UX&t GRPOXYHQi REAHW HQt[pBYW ML QH& RVRE\ EH]

.RQIHUHQFH R Y]WD]tFK PH]L FHONRYéPL FKRUREDPL D SD

1D SRG]LP URNX VH YH 4aSDQ OVNpP P VW /D *UDQMD
SDURGRQW R ORudoReap Fedey&ion of Periodontology) a AAP (American Academy

of Periodontology) QD SUDYLGHOQ NRQDQp SDURGE@WRORJILF
Workshop in Periodontology) =DVHGiIQt E\ORa ] DWXBOQXP VREXLVOR)
SDURGRQWLWLGRX D V\WWpPRYéPL FKRUREDWPNXS2ZQERKU C
]JDP HQE&FK QD NRQNUpWQt SUREOH Mmooty N KRWNQVWIYR YT
RQHPRFQ Qt D VwWidind®iD3Mowky NAWXGLt JYH HMQ QéFK Y P
GDWDENRFKNODG JQDFEXRWRVt SDGIRSRUKRH®IL SUR RGERUQ!
YH HMRBDWLHQW\ D XU pktidgtly abRsW LGD&E BFKX 9éVOHGNHP N\
ManfHVW A3HULR DQG *HQHUDO +HDOWK3 YH NWHUpP MH
FKURQLFNp ]iQ WOLYp RQHBRWQ YOIt PGHWO PN \ VSdubRu FHO N F
URNX Y\GDO\ RE RGERUQp SDURGRQWRORJLFNp VSR
NRQIHUHQFH &HVMWOQHRWP WG OHQtFK VKUQXOL ]iyY U\ VYpl
GDQp SUREOBPDYLBMHULRGRQWRO URD 6XSSO D -
Suppl 4tEH]SODWQ GRVMWNVIoPgnlieDrg/toc/jop/84/4-s). EHONRY pKR SR}
VH pw\ L SUIFH WéNDMt GLDEHWX D SRVN\WXMt NRPSOH
6NXSLQD NWHUiIi VH ]DEEYDOD KRGQRFHQtP Y]WDKX PH
VRGERUQéEFK GDWDEIi]JtFK FHONHP SREPK NDBt\ @B YWE
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YEINXPQp SUIFH 3R XSODWQ Qt Y\EUDQE&FK NULWpW®RLt W&l
1iY UHPQRX DQDO&]X YV\EHHWMERFK NWXGLENpKR ]JKRGQRFHQt

teze:

1/ U osob sSSDURGRQWLWLGRX SURQLNDMt SDURGRQWIiIOQt SD
NUHYQtKR RE KXV\FRD®PRMPHP XN ]iQ WX RUIJDQLVPX 7HQWR
vliv na rozvoj diabetuD MHKR NRPSOLNDFt

SBRNURpPLOI SDURGRQWLWLGD RYOLY XMH KODGLQX JO\
Existue S tPi VRXPHMORWWAQRVWt SDURGRQWLWLG\ D YEVN\V
D WDNp ]YEEHQpP UL]JLNR Y]Q8RIXKURDDERW >S XUSRIGAR.GI\Y WS L\G R
3 ZUDQGRPL]JRYDQé&FK NOLQLFNéFK VWXGLt Y\SO\QXOR
SDURGRQWRORPBENPVRAGHWVHIQRDGLQX JO\NRYDDPEB RVKIHPR
P VtFH FR& MH NOLQLFN\ YE]QDPQé YEVOHGHN

Chapple a Genco [15)YH VERUQtNX NRQVWDWRXED\AGE R ] K@ HGHWR N
QHMY\a4dt pDV SRVN\WQRXW RGERUQp L SWRLRND ¢ HWOM QF
SDURGRQW GLDEHWLFNéFK SDFLHQWS$ D ]JYéaLW PRWLYDF
NRQNUpWQt RSDW HQt NW HLFKRN® OLiOLHGWR ENW X bYW p I
*XLGHOLQH $ MH VP UQLFH SUR YAHREHPB@pPpLORNGLI EMH W
*XLGHOLQH % MH VP UQLFH SUR ]XEQt OpND HLJMNWRIYt¢ BH
faktory pro vznik diabetu

*XLGHOLQH & MH GRSRUXpHQt BBRXGDDRQEHMKL FYNapgH RSEDH-H (¢
*XLGHOLQH ' MH GRSRUXpHQt SUR UAL DE R WARLIN pDSIVR B\Q SW
V]XEQtFK DPEXODQFtFK

GuidelineBGRSRUXPpXMH ]XEQtP OpND $P DE\ VYp SDFLHQW\ L
-GLDEHWHYV JY\3XMH UL]JLNR Y]QLNX D UR]YRMH SDURGRQW
-]XEQt PLNURELiIOQt SRYODN Pi YOLY QD MHMLFK RUiOQt L
- SDURGRQWLWLGD ]Y\&XMH QripEmth&H Pitbe@ HaG R B B/ HDWY/ IHFpNDED
NRPSOLNDFt

-X NDa&GpKR GLDEHWLND E\ P O EEW Y\3HW [EtQ VWDY SDUR
-GLDEHWLFL V SDURGRQWLWLGRX E\ P OL EEW DGHNYiWQ

- GLDEHWLFL NWH t ML& Shy ROQLRE&\WV ¥tp D W & URKNKE XF N \

QHE\O QHJDWLYQ RYOLYQ Q S tMHP SRWUDY\
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-OVRE\ V UL]LNRYé&PL IdalaMRUypBRRHYI@IDN Y\VRNE& NUHYQt
KODGLQD FKROHVWHUROX URGLQQi ]iW & EtbonRo zlkuE 8 W ] XE
P OL E\ EEW EWHWtARLX N HMGHARKHNWHP QD JO\NRYDQE&
RGHVOYMG@GHW HQt SUDNWLFNEP OpNDFHKPt 7 BWE SRSRDG K H
SURFHQWR GRVS O&FK QDY&aWtYt E RHEB 5RBDNNXVWDRNY KR O YN

=iY U

Komplikace diabetuVR XY LWVPHMKLEY PHGLFtQVANSRIRVRERNRPSOH[Qt ¢
GLDEHWLND Y\@DGXMH LQWHUGLVFLSOLQiIUQt VSROXSUIiF
GLDEHWLNS$ pDRWWDWDYWLQ ® LG xikbnpikademiF KSRRUWGROEH Y éakh
XYHGHQéFK GRSRUXpHQt E\ FGDLREHERMP SIDFWHQWL RG
VWRPDWROOR SDARNREPKQWRORILFNpPX Y\aHW HQt NWHUp E\
SppH R GLDEHWLN\

SDURGRQWLWLGD L GLDEHWHYVY YMYVRNXRRKKBERYPRIHRBAHMPRF
VSROHpQp SDWRBHBHIVLFOAPGEPNMH RERXVWUDQQ.pSSBVRE!
vzniku parodontitidy a inzuQ RYp UHJ8VWRQ¥BLYp RQHPRFQ Qt SDURC
rizikovéeP IDNWRUHP SUR YWj@DWM X\GBRSONNBppED SIVBWE& GRQW
VQtaHQt KODGK®Y31,88K Ng[]O YPHQi Y&é]QD P®ReveBARA/DOEMWLFNET
NRPSOLNDFt 3 HGSRNOiIGi VH WHG\ &H YEVOHGNHP G$V(
SsGLDEHWHP EXGH QHMHQ JOHS&aHQt VWDYX SDURGRQW.
RQHPRFQ Qt

3RG NRYiQt

YyOiQHN Y]@dphrGu ¢fantu IGA NT11405-6 a projekté SHFLILFN& Y&]N;
MUNI/A/0951/2013.
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Obr SNXWQt SVHXGRPH OHW Y NX O

NDQGLGY]D D SDWURY . :

antibgtikyu pZu]:ientkss diabetem 2. typu? %e]te mellltus L. t&? diabetickou
UHWLQRSDWLL D QHIURSDWL
SRNURpPLOi SDURGRQWLWLV
UHVRUSFt DOYHROIUQt NRVW
SUDYéFK GROQtFK PROiIUS$ SUR
JHP HO YH Y NX abetxkbw QD
nefropatii.

Cg QtPHN PXaH YH Y I

Obr. 3. b 23* VQtPHN OHWpPKR
SQHGRVWDWHpPQ NRPSHQ]JRYD
1. typu s velmi dobrou hygienou dutiny
~VWQt *HQHUDOL]JRYDQi SD
UR]JVIKORX UHVRUSFt DOYH
SYHUWLNIOQtPL NRVWQtPL
aSRVWLAaHQtP IXUNDFt

Obr DEF 98VN\W RUIGQtKR OLFKHQ SODQX
VRXpDVQ V RQHPRFQ QtP GLDEHWHVY PHOOLWXV
D DUWHULiOQt K\SHUWHQ]t MH R]QDpRYiQ MDNR
*ULQVSDQS$Y VIQGURP B5HWLNXOiUQt Op]H QD
EXNiOQtFK VOL]JQLFtFK X Wt SDFLHQWHN
SGLDEHWHP  W\SX D OppHQRX K\SHUWHQ]t
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~VWQt K\JLHQD JHVLOXMH YOI
3 HYDaXMH H[VXGDWLYQt VO
tvorbagraQ XODpQt WNIQ

Obr. 4 4HQD YH Y NX GREOHW V
NRPSHQJRYDQ&P GLDEHWHP W\SX D
SRNURpPLORX SDURGRQWLWLGRX 3R
SDURGRQWRORJLFNp ~ OppbRy sMil 53.VWRYpyN  oHwp ¢
VWDELOLJRYDQé 3DFLHQWND XBUAXME YEERUQBME oL FNe
~VWQUt KVILHQX YPHWQ SRXALWH BHINSERTEQi SRNURpL .
N D UW ghlbish iirkace. UHVRUSFt DOYHROIUQt NRVWL
GpON\ NR HQH YUNGDYRVW |
Y WALQ\ ]XE$

Obr. 6. 6 F K p P Diabetes mellitus jako
ULJLNRYé IDNWRU SUR Y]JQLN

obr. 5. a,b,cHQHUDOL]RYDQi SDPREKORLEWXY p N\WHUEP PS$aH
SROpNRYi OppED EORNiIWRURLNBEOFXRYERKP UHILVWHQF

NDQiO$ K\SHUSODVWLFNi JLQJLYLWLYV X

SDFLHGMEMWHP WASX 1HGRVWDWHDPQI
212



