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Abstract

Background and Aim. Host susceptibility to the onset and development of the most

common complex oral diseases has been intensively studied in different populations.
Candidate genes are selected based on the results from genetic association studies and
etiopathogenetic hypothesis of the specific disease affecting the oral cavity. All genes related
to both innate and adaptive immunity are the subject of interest in immunogenetics. The
main aim of our research was to determine the risk or protective variants of selected genes
encoding immunoregulatory factors in relation to recurrent aphthous stomatitis (RAS),

external apical root resorption (EARR), dental caries, and chronic periodontitis (CP).

Methods. The Habilitation thesis is a set of commentaries to 10 articles (first author/shared
first author in 6/1 cases) published in international journals indexed in the Web of Science
database. There are four main parts of the thesis which correspond to one of the selected
complex oral diseases: RAS, EARR after orthodontic treatment, dental caries, and CP. The
genetic studies were all designed as an association case-control study. Gene variants in
interleukins (/L-/ and its receptor antagonist /L-IRN, IL-2, IL-4 and its receptor alpha
IL-4Ra, IL-6 and its receptor IL-6R, IL-8 and its receptor CXCR2, IL-10, and IL-17),
NOD-like receptor (NLRP3), angiotensin converting enzyme (ACE), and vitamin D receptor
(VDR) were determined. Laboratory analyses were based on polymerase chain reaction
(PCR) and some studies comprised the implementation of Luminex or enzyme-linked
immunosorbent assay (ELISA) techniques, isolation and cultivation of peripheral blood
mononuclear cells (PBMCs) with specific stimulants (among others periodontal bacteria)

and the molecular detection of oral bacteria.

Results. Variability in the /L-/0 gene and NLRP3 may play an important role in the
development of RAS, especially some /L-10 haplotypes with proven functional emergence
(P<0.05). Specific P2RX7 haplotype predisposing its carrier to increased pro-inflammatory
IL-1B secretion was associated with the risk of EARR development (P<0.05). ACE I/D
polymorphism may be associated with caries in permanent (P<0.05) but not primary
dentition (P>0.05), especially in Czech girls. Although the VDR Tagl variant cannot be a
marker for dental caries risk in our population (P>0.05), an association with gingivitis in
children was found (P<0.05). Significant differences in the allele frequencies of /L-1B
variant were observed between the controls and CP patients (P<0.05) and the specific /L-1

gene cluster haplotype decreased the risk of CP development (P<0.01). Significantly higher



IL-1P levels in PBMCs after stimulation by selected periodontal bacteria, in comparison to
unstimulated cells, were found (P<0.05). Independently on studied /L-8 and CXCR2
polymorphisms with functional emergence, diabetics with CP had higher IL-8 plasma levels
than systemically healthy controls with or without CP (P<0.05 or P<0.01, respectively). In
addtion, two CXCR?2 gene variants were associated with subgingival colonization of specific
periodontal bacteria in men with CP (P<0.05) and /L-174 gene variability may influence the
“red complex” bacteria occurrence in patients with CP (P<0.05).

Conclusions. Some associations between specific gene variants and complex oral diseases
were found. Our statistically non-significant findings were also published for reducing the
positive bias in the scientific literature. Further studies should unconditionally include not
only gene variants determination but also gene expression and protein analysis, together with
microbiome research. There is a need to create an algorithm involving all known variables

to determine the risk of complex oral disease development in an individual.

Keywords case-control study, gene variant, cytokine, interleukin, aphthous stomatitis, root
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Background and Aim

Oral diseases are connected with the disruption of the physiological function of the immune
defense mechanisms in the oral cavity. In this context, host saliva, gingival crevicular fluid
(GCF), lymphoid tissue (tonsils) and systemic health/disease play crucial roles. Saliva and
GCF contain immunoglobulins (secretory IgA), cells of the immune system (lymfocytes,
plasmatic cells) with signaling molecules and antimicrobial proteins with non-specific
immune responses. The quality and quantity of both fluids and the total immune status are
influenced by many factors, among others by host genetic predispositions. With impaired
immune defense the dysbiosis of oral microflora is associated, which is reciprocaly related
to pathogenic and inflammatory processes in the oral cavity.

Immunogenetics is a breakthrough in immunology and genetics. It deals with the study of
the genetic condition of the components of the immune system and the genetic regulation of
immune reactions.

The main aim of my research is to determine the risk or protective variants of selected genes
encoding immunoregulatory factors in relation to selected complex oral diseases. Complex
diseases do not obey the standard Mendelian patterns of inheritance, as their phenotype
includes a combination of genetic, environmental, and lifestyle factors (Craig, 2008). The
immunogenetic research is important for identifying the hereditary component of a disease
associated with immunopathology and may lead to a better understanding of the
etiopathogenesis and improved prevention, diagnosis and treatment of the affected patients
(Chapple et al., 2017).

An association of polymorphisms with disease reflects the hereditary component of the
disease. This means that there are differences in the occurrence of gene variants between
patients and the healthy population. If a particular gene variant occurs more frequently
among patients than in the general population, it is simply referred to as a variation of higher
susceptibility or as a risk variant. In contrast, gene variants which are more rare in patients
than in the general population are called protective. The power of association between gene
variant and disease can be expressed by general epidemiological parameters such as relative
risk or odds ratio (OR). In general, variants for which the OR for a given disease is >1 are
risk; protective variants have an OR<1.

Depending on the relationship between a particular polymorphism and a disease, it may be

possible to distinguish the direct association where the susceptibility to the disease is caused



by the directly tested gene variant, or indirectly when the tested polymorphism is in a binding
imbalance with the causal variant but is not related to the disease itself.

For complex traits, association signals tend to be spread across most of the genome-including
many genes without a clear connection to disease. Boyle et al. (2017) reported the hypothesis
called the "omnigenic" model. Gene regulatory networks are sufficiently interconnected that
all genes expressed in disease-relevant cells are liable to affect the functions of core disease-
related genes and that most heritability can be explained by effects on genes outside the core
pathways.

The study of candidate genes, usually designed as a case-control association study, is an
effective tool for studying the genetic makeup of complex traits. It is methodologically
appropriate to include only subjects with extreme phenotypes in the research, for example,
groups of subjects with intact dentition (controls) and subjects with severe and multiple
dental caries ("cases"). Major gene variability in the number of repetitive gene sequences
and single-nucleotide polymorphisms (SNPs) are predominantly observed. Selection of a
gene variant it is based on several pieces of available information: functional relevance of
the gene and its particular variant, minority allele frequency or repeat rate which should be
greater than 5% in the given population, haplotype blocks taken into account, etc. It is known
that individual polymorphisms do not exist in isolation, but are genetically linked, forming
distinct haplotypes. Haplotype analyses may be of a higher informative value for drawing
associations between phenotypes and genetic variation than individual variants.

In contrast to this approach there is a genome-wide association study (GWAS), which
identifies SNPs and other variants in DNA associated with a disease, but causal effects of

the disease cannot be specified.

Our previous research of complex oral diseases was summarized in my Dissertation thesis
(Boftilova Linhartova, 2014). A relationship between some polymorphisms in the genes
encoding immunoregulatory factors and external apical root resorption (EARR) after
orthodontic treatment or periodontitis in the Czech population was found. Firstly, IL-1RN*2
allele was found as a risk for EARR in girls. The effect of /L-4 SNPs on the production of
interferon-y, IL-10, IL-1f a IL-1a, tumor necrosis factor-o. a IL-6 after the stimulation of
heat shock protein 70 or selected periodontal bacteria was observed in patients suffering
from chronic periodontitis (CP). Some /L-8§ haplotypes seemed to be protective for CP and
also some /L-8 SNPs were associated with the occurrence of specific bacteria in controls

with healthy gingiva, as well as patients with aggressive periodontitis or CP. In addition,



IL-1 gene cluster variants were associated in our pilot study with CP, or with type 1 diabetes

mellitus (T1DM) and with TIDM+CP.

This Habilitation thesis logically and methodically follows our previous research in the
Czech population. The chapter about recurrent aphthous stomatitis has been added. Only
immunogenetical studies have been included in this work to give focus. Neverthless, our
team is works on investigation of oral diseases from a complex point of view, employing in
vitro experiments, microbiological and biochemical analysis, clinical and pharmacogenetic

studies, diseases prevention and behavioural intervention.
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1. Recurrent aphthous stomatitis (RAS)

Recurrent aphthous stomatitis (RAS), one of the most common diseases of the oral mucosa,
is characterized by the formation of painful oral erosions or even ulcers. RAS diagnosis is
based on anamnestical data and appearance of lesions; no laboratory tests to confirm the
diagnosis are available.

RAS may appear as an isolated symptom or it may represent an element of systemic
syndromes, such as Behcet’s disease (BD) or periodic fever with aphthae pharyngitis and
adenitis (PFAPA syndrome). It often accompanies gastrointestinal diseases (Mantegazza
et al., 2016) and immune dysfunction (Mays et al., 2012).

The disease etiopathogenesis is unknown, but risk factors associated with the origin and
development of the disease have been described in the literature. Besides local trauma, food
allergens, oral microbial dysbiosis, infectious agents, nutritious factors (deficiency of Bi2
vitamin, iron, and folic acid), stress and hormonal changes, the immunological profile and

host genetic predispositions to this multifactorial disease play a role (Fig. 1).
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Fig. 1. Interactions between internal and external factors in the etiopathogenesis of recurrent

aphthous stomatitis (RAS) (Bofilova Linhartova et al., 2017).

The immunopathogenesis of RAS probably involves a cell-mediated immune response
mechanism involving the production of T-cells, ILs and tumor necrosis factor alpha (TNFa).
In addition, lymphocyte-mediated mechanisms have been proposed to immune complexes
(Jurge et al., 2006). Immune alterations have been observed, beginning with an unknown

antigenic stimulation of the keratinocytes and resulting in the activation of T lymphocytes,
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cytokine secretion, and leukocyte chemotaxis. Changes have also been reported in elements
of the salivary defense system such as the enzyme superoxide dismutase (SOD).

The effect of heredity on the disease origin and development was previously confirmed by
studies of twins and families. Genetic variability of the selected genes in patients with RAS
compared with healthy controls (case-control study) conducted in different populations have
been published. The main candidates for RAS are the genes associated with the immune
system, response of the organism to oxidative stress, metabolism of mucosal tissues,
vitamins, and minerals.

In our review (Bofilovd Linhartova et al., 2017, Attachment 1), findings of genetic
association studies were summarized and discussed. Variants in genes encoding
interleukin-1 (IL-1) and its receptor antagonist IL-1RA, IL-4, IL-6, IL-10, TNFa, NOD-like
receptor 3 (NLRP3), Toll-like receptor 4 (TLR4), E- and L-selectin (SEL), angiotensin
converting enzym (ACE), gene for Mediterranean fever (MEFV), serotonin transporter
(SLC6A4), matrix metalloproteinase 9 (MMP9), methylenetetrahydrofolate reductase
(MTHFR), and nitric oxide syntase 2 (NOS2) were previously studied as factors potentialy
influenced the individual susceptibility to the disease development (Fig. 2).
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GROWTH FACTORS

PATHOGEN ASSOCIATED MOLECULAR
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VITAMINS AND MINERALS METABOLISM

OXIDATIVE STRESS

Fig. 2. An overview of proteins or groups of proteins encoded by genes that are considered
as candidate for recurrent aphthous stomatitis (RAS) and whose variability has been

previously studied (Bofilova Linhartova et al., 2017).

In the context of RAS, genes for ILs with different properties and with possible contradictory
effect were previously studied (Fig. 3). We supposed that determining of
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immunopathogenetic mechanisms and genetic components can identify and characterize the

main factors related to the development of RAS.

Fig. 3. Classification of selected interleukins (Krejsek et al., 2016) previously studied in

context of genetic predispositions to RAS.

Treatment of RAS, drug therapy or laser therapy (Landova et al., 2013; Han et al., 2016), is
symptomatic and can reduce pain, frequency incidence or severity of lesions.

So-called Skach's therapy (Skach et al., 1975), in which patients are administered folic acid
and vitamin Be, is often recommended to patients with RAS. Nevertheless, the human
body can process folic acid only in the form of active folate (vitamin By) and not all people
are able to metabolize folic acid effectively. MTHFR is an enzyme that plays an important
role in metabolic transformation of folic acid to active folate, and its function is
fundamentally influenced by gene polymorphisms. What more, vitamin D deficiency is often
observed in patients with both RAS and BD (Slebioda et al., 2016). Vitamin Ds
(cholecalciferol) is a major immunoregulator, as it has both anti-infective and
immunopotentiation as well as immunosuppressive effects. Its supplementation seems to
have the potential for both the treatment and the prophylaxis of these conditions (Anand
et al., 2017).

In our pilot study (Bofilova Linhartova et al., 2019, Attachment 2), the active form of folic
acid together with vitamins Be and D3 were administrated in the three-phase regimen to
patients with RAS. Ten patients with genetically impaired ability to metabolize folic acid

(poor metaboliser — PM or intermediate metaboliser — IM) and the absence of systemic

13



disease (Crohn's disease, BD, kidney disease and other diseases) were included. Genomic
DNA from these patients suffered by RAS were analyzed for haplogenotypes composed
from MTHFR rs1801133 and rs1801131 variants. According to the available literature, the
predicted phenotype of the patient was determined corresponding to its MTHFR
haplogenotypic profile. Subjects with 30-65% MTHFR activity are considered IM and
patients with lower enzyme function (<30% normal enzyme activity) were identified as PM.
Haplogenotype approach was also used in our other pharmacogenetic pilot study focused on
proton pump inhibitors metabolism in patients with gastroesophageal reflux disease
(Boftilova Linhartova et al., 2018, Attachment 3).

Pharmacotherapy in a modified double-crossed blind study (cross-over design) ran from
spring 2018 and lasted three months. Patients were treated with active folate (glucosamine
salt 5-methylfolate), vitamins Be and D3, they were not allowed to use any other food
supplements during the therapy. They kept daily records of their health status and possible
risk factors for RAS and were examined clinically and in the laboratory at monthly intervals.
Both the subjective evaluation of the effect of the therapy by patients and the obtained
laboratory data were recorded.

The study was comprised of three men and seven women with RAS, aged 28 to 47 years;
according to the MTHFR gene profile, three were defined as PM and seven as IM of folic
acid (Fig. 4).

Based on the subjective assessment, one patient reported a deterioration, two patients did not
observe a change in their health state during therapy, and seven were satisfied because they
had a lower or no aphthae eruption and/or healing time was significantly shorter (Fig. 5).
Subjective evaluation of therapy positively correlated with objective clinical finding
(r=0.993, P<0.001).

The laboratory analysis showed that administration of vitamin D3 significantly increased
serum concentrations of 25-OH Ds; from low/limit to optimal values, median of
concentrations prior to study was 54.2 nmolL!, just before administration 68.1 nmolL' vs.
month after administration 96.6 nmolL™! (norm: 50-175 nmolL™!), (P<0.01, Fig. 6).

The other studied parameters, such as concentration of folic acid in serum, homocysteine,

ALT, AST, and blood count, were within the physiological range before and after therapy.
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SNP MTHFR rs1801131 (A1298C) MAF (C)=34%

genotype AA AC CC
MTHFR enzyme function  100% 80-100% 60%
EUR population 43% 45% 12%
frequencies
MTHFR CC -—/- —[+- —/++
1801133 100% 80% 60%
(C677T) 100% O ) )
’ 469 EM EM IM
MAF (T)=31% ¢ . .
L
CT +-/-- +-/+- +-/++
65% 65% 50% 30%
44% M M PM
Y AN
TT ++/-- ++/+- ++/++
haplogenotype 20%-30% <30% <30% <10%
MTHFR enzyme PM PM PM
function 10% . . .
predicted L T
phenotype

Fig. 4. Predicted function of MTHFR enzyme by haplogenotype composed from MTHFR
rs1801133 and rs1801131 variants. Definition of phenotype of studied patients with RAS

and their final subjective evaluation of therapy (Bofilova Linhartova et al., 2019).

blue/black/red person=positive/neutral/negative evaluation of therapy by a subject

Note: Allelic and genotype frequencies according to the NCBI database for the European
population.

+=minor allele, -=major allele,

EM=extensive (normal) metaboliser

IM=intermediate metaboliser

PM=poor metaboliser
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The number of days of sowing aphthae during therapy
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Fig. 5. Number of days of sowing aphthae during therapy (Bofilova Linhartova et al., 2019).

Axis x
l=state during 1* (control) phase
2=status during the 2" (therapeutic) phase

3=status during the 3" (tracking) phase
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25-OH D; serum levels  [nmolL"']
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Fig. 6. 25-OH D3 serum levels in patients suffered by RAS during the therapy (Bofilova

Linhartova et al., 2019).

Note: In different patients, four concentration values are missing at different times due to a

failure of laboratory analysis.

The blue area shows the serum concentration of 25-OH D3 (50-175 nmolL-1).

Axis x:

1=status prior to inclusion in the monitored group

2=state before the 1% (control) phase

3=state before the 2" (therapeutic) phase, after vitamin D3 administration

4=status after 2" phase

S=status after 3 (tracking) phase
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The proposed modification of Skach's vitamin therapy seems to be appropriate for the
treatment of patients suffering from RAS with genetic predisposition for reduced MTHFR
function as during our observation. 70% of patients experienced subjective and objective
improvement of their state, so individualized therapy can positively affect the frequency of

aphthae/ulcers eruption and the course of their healing in patients with RAS.

1.1 Comment to the article “Recurrent aphthous stomatitis and gene

variability in selected interleukins: a case-control study”

Borilova Linhartova P, Janos J, Slezakova S, Bartova J, Petanova J, Kuklinek
P, Fassmann A, Dusek L, Izakovicova Holla L. Recurrent aphthous stomatitis and
gene variability in selected interleukins: a case-control study. Eur J Oral
Sci. 2018;126(6):485-492. DOI: 10.1111/e0s.12577. (IF 1.655; DENTISTRY, ORAL
SURGERY & MEDICINE Q2)

Author contribution: P.B.L. designed the study, drafted the paper, and carried out genetic

analysis.

IL-2 is one of the proinflammatory cytokines produced by Thl cells. IL-4 and IL-13 are
pleiotropic Th2 cytokines produced by various cell types. The functions of IL-13 show
considerable overlap with those of IL-4: both proteins exert biological effects via IL-4
receptor alpha (IL-4Ra). IL-10, with broad immunoregulatory functions, is considered as the
T-regulatory lymphocyte (Treg or Th3) subset cytokine. IL-2, IL-4, IL-10, and IL-13 are
considered as candidate molecules which are involved in the pathogenesis of RAS.

Some of IL-2, IL-4, and IL-10 gene polymorphisms were previously associated with RAS in
different populations (see Overview in Table S1 on the page 28). To date, /L-4Ra and IL-13
variability has not been studied in any population in the context of RAS.

The aim of our study was: (i) to determine the allele and genotype frequencies of ILs gene
polymorphisms in the Czech population sample; (ii) to investigate a possible association of
the selected variants and their combination (ie, haplotypes) with susceptibility to RAS; and
(ii1) to analyze the clinical parameters (oral status) with the individual interleukin genetic
profiles. Candidate genes encoding ILs and their specific variants were selected based on
associations described previously in other populations, proven functional effects in the
etiopathogenesis of RAS, minor allele frequency (MAF) higher than 0.1 in the population

studied, and/or localization within the haplotype structure of the gene.
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In total, 252 subjects (74 patients with RAS and 178 healthy controls) were enrolled in this
case-control study. Polymorphisms /L-2 rs2069762, IL-2 rs2069763, IL-4 1s2243250, IL-4
rs79071878, 1L-4 receptor alpha (/L-4Ra) rs1801275, IL-10 rs1800871, IL-10 rs1800872,
IL-101s1800896, and /L-13 rs1800925 were determined.

There were no significant differences in the allele or genotype frequencies of the studied
IL-2,IL-4, IL-4Ra, IL-10 (only rs1800896), and /L-13 polymorphisms between controls and
patients with RAS. The minority alleles /L-10 rs1800871 and /L-10 rs1800872 were
associated with a statistically significant higher risk of RAS, as confirmed by the results of
genotype and haplotype analyses. The ATA haplotype composed of /L-10 (rs1800896,
rs1800871, rs1800872) variants was found significantly more frequently in RAS patients
than in controls (P<0.05, OR=1.63, 95% confidence interval=1.07-2.50), while the ACC
haplotype had protective potential in relation to RAS (P<0.05, OR=0.58, 95%CI=0.37-0.91).
Polymorphisms in the /L-10 gene may reflect a balance of adaptive responses to
autoimmune, infectious and other disease agents (Oleksyk et al., 2009). The GCC haplotype
has a higher transcriptional activity when compared with the ATA haplotype, and the carriers
of the ATA/ATA haplogenotype produce lower amounts of IL-10 than either of the subjects
with other haplogenotypes (Turner et al., 1997; Koss et al., 2000; Reuss et al., 2002; Mangia
et al., 2004). In addition, the IL-10 T allele rs1800871, A allele rs1800872, and T allele
rs1554286 were previously associated with BD (Hu et al., 2015).

Variability in the /L-10 gene may play an important role in the development of RAS in the
Czech population. Our results are particularly in line with the findings of Najafi et al. (2014),
where the ACC haplotype and CC genotypes for SNPs /L-10 rs1800871 and IL-10
rs1800872 were found to be protective for the development of RAS in the Iranian population.
However, there are also studies in other populations where no association of /L-10 gene
variants with RAS was confirmed (Bazrafshani et al., 2003; Guimaraes et al., 2007; Sun
et al., 2013). The differences between these studies may be the result of interpopulation
genetic diversity; therefore, further studies in different ethnic groups and larger samples are

needed.
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Recurrent aphthous stomatitis and
gene variability in selected
interleukins: a case—control study

Borilova Linhartova P, Janos J, Slezakova 8, Bartova J, Petanova J, Kuklinek P,
Fassmann A, Dusek L, lzakevicova Holla L. Recurrent aphthous stomatitis and gene
variability in selected interleukins: a case-conrrol study.

Eur J Oral Sei 2018; 00: 1-8. © 2018 Eur J Oral Sci

Genetic factors, especially those related to immune system functioning, have been
intensively studied to determine their role in the development of recurrent aphthous
stomatitis (RAS). The aim of the present study was to analyze gene variability in
interleukin (/L)2, 114 (and its receptor «, IL4Rx), fL10, and IL13, which were
selected based on literature review and/or their functional relevance. in Crech
patients with RAS and in healthy controls. In total. 252 subjects (178 controls and
74 patients with RAS) were enrolled in this case—control study, and their detailed
anamnestic, clinical, and laboratory data were obtained. Nine polymorphisms in the
genes encoding interleukins were determined using PCR techniques. There were no
significant differences in allele or genotype frequencies of the [L2. IL4, [I4Ru.
IL10, and [L13 polymorphisms rs2069762/rs2069763, 1rs2243250/rs79071878.
rs1801275, rs1800896, and rs1800925, respectively, between controls and patients
with RAS. The minority alleles rsI800871 and rs1800872, which encode variants of
ILI0. were associated with a statistically significantly higher risk of RAS. as con-
firmed by the results of genotype and haplotype analyses. We suggest that variabil-
ity in the [L!0 gene may play an important role in the development of RAS in the
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Recurrent aphthous stomatitis (RAS) is a common
disease of the oral mucosa manifested by aphthous
ulceration. The etiopathogenesis of RAS is unknown:
however, accumulated data suggest that an abnormal
immune reaction might be involved (1). Phagocytic and
cytotoxic T-cells probably participate in a destruction
of the oral epithelium that is directed and sustained by
local cytokine release. Lewkowicz et al. (2) suggested
that an imbalance in the pro- and anti-inflammatory
cytokine network may result in the breakdown of
peripheral tolerance in RAS and the heightened
immune response toward self-antigens or harmless
microorganisms that colonize the oral mucosa.

Risk factors for RAS include genetic predispositions
(3). trauma and stress (4, 5), microorganisms, the cessa-
tion of smoking, food hypersensitivity, hormonal
changes, and vitamin and mineral deficiencies (6, 7).
Recurrent aphthous stomatitis may appear as an iso-
lated symptom or it may represent an element of sys-
temic syndromes, such as Behget's disease (BD) or
periodic fever with aphthae pharyngitis and adenitis
(PFAPA syndrome). It often accompanies gastrointesti-
nal diseases (8) and immune dysfunction (9).

Heredity is one of the best-defined underlving causes
of RAS. Studies on identical twins have shown a

hereditary character of this disease, and there is a sig-
nificantly higher disease concordance in monozygotic
twins than in dizygotic twins (10, 11). The familial
occurrence is frequent, and about 30%-40% of patients
with RAS have another affected family member. Chil-
dren with RAS-positive parents have a 90% chance of
developing RAS and the recurrence of symptoms in
these children is more severe (12). Therefore. the inheri-
tance of some specific gene polymorphisms (especially
those encoding cytokines) which contribute to forma-
tion of aphthous ulcer may predispose family members
to RAS (13).

Currently, microarray technologies are used to ana-
lyze expression of mRNA for selected genes in recur-
rent oral ulcer in order to clarify dynamic changes in
gene expression (14, 15). To date, variability in the
interleukin-1 (/Lf) gene and ils receptor antagonist
(ILIRN). as well as in IL2, 114, IL6, ILI0, IL]2, and
IL]18 have been studied in the context of RAS (see
review in Table S1). However, the results of these asso-
ciation studies have often been contradictory in differ-
ent populations. Positive associations were found
between RAS and selected /L1, [L2. IL4. 1L6, and
IL10 gene polymorphisms. Interestingly, only 4 genetic
studies have focused on the gene variability of
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interleukins in European Caucasian populations with
RAS (16-19), even though the prevalence of this dis-
ease is comparable across populations (20-23). As ILJ
and 716 gene polymorphisms have already been studied
in RAS patients from the Czech Republic (19), the cur-
rent study deals with FL2, [L4 and its receptor o,
14 Ry, IL10, and IL13. The selection of these genes is
also based on the previously described findings of
changes in IL-2, IL-4, IL-10, and IL-13 protein/mRNA
levels in patients with RAS compared with controls
(24-28), which may be a result of the variability in indi-
vidual genes of patients,

The aim of our study was: (i) to determine the allele
and genotype frequencies of interleukin gene polymor-
phisms in the Czech population sample: (ii) to investigate
a possible association of selected variants and their combi-
nation (ie. haplotypes) with susceptibility to RAS; and
(iii) to analyze clinical parameters (oral status) with the
individual interleukin genetic profiles. Candidate genes
encoding interleukins and their specific variants were
selected based on associations described previously in
other populations (see Table S1), proven functional effects
in the etiopathogenesis of RAS. minor allele frequency
(MAF) higher than 0.1 in the population studied, and/or
localization within the haplotype structure of the gene,

Material and methods
Subjects and clinical examinations

In total, 252 subjects were enrolled in this study: 74 patients
with RAS and 178 healthy controls. Patients with RAS were
recruited from the Department of Immunology and Microbi-
ology, General University Hospital and First Faculty of
Medicine, Charles University, Prague. and from the Depart-
ment of Clinical Immunology and Allergology, Institution
Shared with St. Anne’s Faculty Hospital, Faculty of Medi-
cine, Masaryk University, Brno. The diagnosis of RAS was
made by oral medicine specialists based on accepted clinical
criteria (29). Recurrent aphthous stomatitis was divided into
3 clinical subtypes, according to Karakus et al.: (i) major
(larger than 1 cm in diameter and deeper than the minor
form; healing within [0-30 d); (ii) minor (<1 cm in diameter;
healing within 10-14 d); and (iii) herpetiform aphthae
(grouped aphthae, 1-2 mm in size) (30). Patients were exam-
ined by 4 calibrated examiners, according to the same proto-
col, and detailed anamnestic, clinical, and laboratory data
were obtained. The inclusion criteria for cases were willing-
ness to participate and compliance with the diagnostic criteria
for RAS. To exclude other disorders (such as celiac disease.
BD, Crohn's disease, clinical neutropenia, vitamin B12 defi-
ciency, and erythema multiformae), routine laboratory tests,
clinical immunologic investigation, and immunologic tests
were performed as described in our previous study (31).

The control group consisted of age- and sex-comparable
healthy individuals without a history of RAS or any systemic
discases, and who were selected from general medical practice
registers. The inclusion criteria for controls were willingness
to participate. The exclusion criteria for both groups were
the presence of any other significant systemic diseases (such
as cardiovascular disease, diabetes mellitus, gastrointestinal
disease, malignancies, and autoimmune diseases). Nursing
and pregnant women were also excluded from our study.

Written informed consent was obtained from all partici-
pants, in line with the Declaration of Helsinki, belore
inclusion in the study, which was performed with the
approval of the Committees for Ethics of the Faculty of
Medicine, Masarvk University Brno (39/2015). St. Anne's
Faculty Hospital (8G/2015), and General University
Hospital and First Faculty of Medicine. Charles Univer-
sity, Prague (53/2014).

Genetic analysis

Genomic DNA was obtained from peripheral blood leuko-
cytes, according to a standard method. by phenol-chloro-
form extraction and proteinase K digestion of cells.
Isolation, storage of DNA. and genotyping of samples
were conducted in the laboratory of the Department of
Pathophysiology. Faculty of Medicine, Masaryk Univer-
sity, Brno, Czech Republic.

In total, 9 polymorphisms were analyzed. Five — /L2
(rs2069762), IL2 (rs2069763). IL4 -5390C/T (rs2243250),
IL4Rx A/G (rsl1801275, Q576R), and ILI3 -1112 C/T
(rs1800925) — were analyzed with PCR using 5" nuclease
TagMan assays (C__15859930_10, C__15859920_10,
C__16176216_10, C___2351160_20, and C__ 8932056_10,
respectively). Real-time PCR  protocols were designed
according to the manufacturer’s instructions (Thermo
Fisher Scientific, Waltham, MA, USA). fluorescence was
measured using the ABI PRISM 7000 Sequence Detection
System (Thermo Fisher Scientific), and SDS version 1.2.3
software (Thermo Fisher Scientific) was used to analyze
real-time and endpoint fluorescence data. The remaining 4
polymorphisms were analysed using the variable number
of tandem repeat (VNTR) PCR method or by PCR fol-
lowed by restriction fragment length polymorphism
(RFLP-PCR).

The VNTR PCR method was used to detect 70-bp tan-
dem repeat polymorphisms in intron 3 of IZ4 (rs79071878)
with slight adaptations (32); details of the genotyping
method were published previously (33).

The promoter single-nucleotide polymorphisms (SNPs)
IL10 -1082 A/G (rs1800896), ILI0 -819 C/T (rs1800871), and
TLI0 -592 C/A (rs1800872) were determined using the PCR-
RFLP method. PCR was carried out in a volume of 45.0 ul
containing 250 ng of genomic DNA, 0.35 uM ecach primer
(forward: AAGACAACACTAAGGCTTCCTT; reverse:
TAAATATCCTCAAAGTTCC) previously designed (34),
5 U of DNA polymerase (Thermo Fisher Scientific), 4 mM
MeCl,, 10x MgCl-free reaction buffer with 200 mM
(NH4):804 (Thermo Fisher Scientific), and 0.9 mM deoxyri-
bonucleoside triphosphate mix (Thermo Fisher Scientific).
The reaction was carried out in a Sensoquest labeycler
(Schoeller Instruments, Praha, Czech Republic). First of all,
the samples were denatured by incubation for 5 min at 95°C.
Then, samples were amplified over 30 cycles of 30 s at 95°C,
30 s at 45°C, and 72°C for 1 min. This was followed by a
final extension of 7 min at 72°C. Then, three 10.0 ul aligoutes
of PCR product were prepared and incubated separately with
the restriction enzymes EcoNI (13.5 U; New England Bio-
labs), Maelll (1 U; Roche, Basel, Switzerland), or Rsal
(1.5 U, New England Biolabs), according to the manufac-
turer’s instructions. After incubation. the contents of each
tubes were loaded into separate wells of a 3.0% agarose gel,
which contained 10 mg mL ™" ethidium bromide and electro-
phoresed at 90 V. Sizing of products was performed using a
50-bp ladder (Thermo Fisher Scientific). The lengths of the
fragments after digestion were as follows: (i) 306 + 278 bp
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(GG) or 306 + 253 + 5 bp (AA) after use of EcoNI for deter-
mination of the LI -1082 A/G (rs1800896) genotype; (ii)
288 + 217 + 79 bp (CC) or 505 + 79 bp (TT) after use of
Maelll for determination of the 7L10 -819 C/T (rs1800871)
genotype; and (i) 305+ 229 + 42+ 8bp (CC) or
240 + 229 + 65 + 42 + 8§ bp (AA) alter use of Rsal Tor
determination of the 7210 -392 C/A (rs1800872) genotype.

Three researchers carried out the genetic analysis and
were unaware of the phenotype; 10% of samples were ana-
lyzed in duplicate.

Statistical analysis

Standard descriptive statistics, that is, absolute and relative
frequencies for categorical variables and mean and SD for
quantitative variables, were applied. The chi-square and Fish-
er’s exact tests were used for comparison of differences in the
genotype or allele frequencies among cases and controls. The
program SNP Analyzer 2 (available at http://snp.istech2l.c
om/snpanalyzer/2.0/) was used to determine haplotype [re-
quencies. Differences between patient and control groups
were tested using a simulation based on the Monte Carlo
method. In this test, 10,000 random simulations were per-
formed to generate a set of haplotype distribution tables sub-
sequently tested for the requency equal to, or more extreme
than, the observed data. Empirical probabilitics were trans-
formed and tested using the chi-square test. Linkage disequi-
librium (LD) and the squared correlation coeflicient () were
caleulated using Haploview software (Broad Institute, Cam-
bridge, MA, USA). In Fig. 1, black triangles indicate the LD
blocks identified by Haploview using the Solid spine of the
LD method. Odds ratios (OR) and their 95% CI, together
with P values, were calenlated. All statistical analyses were
performed using the program package Statistica v. 13 (Stat-
Soft, Tulsa, OK, USA).

Results

The study group comprised 74 patients with RAS (42
men and 32 women; mean age: 39.9 £+ 15.1 yr) and 178

Polymorphisms in interlenlking and RAS 3

unrelated healthy age- and gender-comparable control
subjects (85 men and 93 women; mean age:
47.1 & 12.2 yr) (Table 1). Most (95.9%) of the patients
with RAS had a minor apthae; no subjects had a her-
petiform type of this disease.

The final sample size (74 vs. 178) was checked to
determine whether it was of suflicient size and quality
for the results to have statistically significant power,
based on standard assumptions (power: 0.80; o: 0.05).
The sample size was sufficient to ensure a statistically
relevant detection of difference ol 0.15 in relative fre-
quencies based on 2-sample testing. The genotype fre-
quencies of 8 polymorphisms were in Hardy-Weinberg
equilibrivum (HWE, P > 0.05); only the SNP /L0
(rs1800896) was not in genetic balance in our popula-
tion (HWE = 0.997, P < 0.01).

The distribution of alleles and genotypes of IL2
(rs2069762 and 1s2069763), IL4 (rs2243250 and
1s79071878), 114 Rz (rs1801275), IL10 (rs1800896), and
1L13 (rs1800925) was similar between the control group
and the RAS group (Table 2). Furthermore, the haplo-
type analysis of IL2 or IL4 showed no association
between their variants and RAS (Tables 3 and 4).

On the other hand, the T allele of SNP ILI0
{(rs1800871) and the A allele of SNP JLI0 (rs1800872)
were associated with RAS (P = 0.015, OR = 1.63, 95%
CI =1.07246: and P =0.007. OR =173, 95%
CI = 1.14 2.62, respectively) (Table 2). Furthermore, in
the genotype and haplotype analyses, the significant
differences between RAS patients and controls were
observed in these 2 IL/0 loci. In comparison with the
CC+CT genotypes, carriers of the TT genotype of SNP
ILT0 (rs1800871) had a higher risk of RAS develop-
ment (P = 0.02, OR = 2.93, 95% CI = 1.19-7.24); simi-
larly, subjects with the AA genotype of SNP ILI0
(rs1800872) are at higher risk for developing RAS than
are patients with other genotypes (P = 0.02, OR = 2.93,
95% CI=1.19-7.24). The ATA haplotype composed

Fig. 1. Patterns of linkage disequilibrium (LD) between interleukin (/L)2. /L4 and [L13, or [LI0 variants. High pairwise LD
[squared correlation coefficient ()] between markers is illustrated with dark shading. The r* values (x100) for the marker pairs

are listed in the corresponding boxes.
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Table 1

Clinical characteristics of the subjects examined in this study

Table 2

Genotype and MAF of interleukin (1L )2, 1L4 and its recepior
(1L4Ra ), IL10, and IL13 polvmorphisms in the control and

Clinical parameters Control group RAS group recurrent aphthous stomatitis ( RAS) groups
Mean age (yr) 47.1 +£12.2 39.9 & 15.1 Genolypes
Sex (men/women) 85/93 (47.8/52.2) 42/32 (56.8/43.2) and minor  Control group  RAS group
Type of apthae Polymorphism allele (n = 178) (n = T74)
Minor NA 71 (95.9)
Major NA 340 1.2 AA 68 (46.6) 28 (37.8)
Herpetiform NA 0(0.0) <330 A/C AC 56 (38.3) 34 (460.0)
Mean number of lesions in each episode (rs2069762)* CC 22 (15.1) 12 (16.2)
<3 lesions NA 26 (35.1) C(C) 34.2 392
=3 lesions NA 48 (64.9) IL2 CC 67 (45.9) 34 (46.0)
Duration of lesions to healing +166 A/C CA 63 (43.1) 32 (43.2)
<1 wk NA 36 (48.0) (rs2069763)* AA 16 (11.0) 8 (10.8)
<2 wk NA 21 (28.4) C(A) 32.5 324
=2 wk NA 17 (23.0) 114 € 122 (68.5) 46 (62.2)
Number of oral ulcer recurrences =590 C/T T 50 (28.1) 25(33.8)
<3 times per yr/irregularly NA 4/4(54/54) (rs2243250) T 6(3.4) 341
At least 1 per 3 months NA 16 (21.6) C(T) 17.4 20.9
At least 1 per month NA 14 (18.9) 4 i3 123 (69.1) 46 (62.2)
At least 2 times per month NA 12 (16.2) 70 bp VNTR 32 51 (28.7) 26 (35.1)
Permanently NA 24 (32.4) intron 3 22 4(2.2) 227
(rs79071878) C(2) 16.6 20.3
Values are given as mean + SD or n (%). IT4Rx AA 114 (64.0) 52 (70.3)
NA., not applicable: RAS, recurrent aphthous stomatitis, AIG AG 37 (32.0} 19 (25.7)
(rs1801275. Q576R) GG 7(3.9) 3 (4.0)
C(G) 19.9 16.9
ILi0 AA 50 (28.1) 19 (25.7)
-1082 A/G AG 101 (56.7) 43 (58.1)
of 1110 (rs1800896, rs1800871, rs1800872) variants was (rs1800896)" GG 27 (15.2) 12 (16.2)
found significantlv more frequently in RAS patients C(G 43.5 453
than in controls (P < 0.05, OR = 1.63, 95% CI = 1.07- ILI0 cc 99 (55.6) 33 (44.6)
2.50). while the ACC haplotype had protective poten- 819 C/T =l iEss) MW,
tial in relation to RAS (P'<0.05, OR =058, 95%  (SIS00¥7) L e LY <o
Cl = 0."‘7—0<9]) (Tab}.e S). Pairwise LD for all pOSS‘Ible ILI0 cC 105 (.57_9] 1(44{’1]
2-way comparisons among 2 variants in the /L2 gene, 3 592 C/A CA 65 (36.5) 30 (40.5)
polymorphisms in the /7.4 and IL13 genes, and 3 poly- (rs1800872) AA 10 (5.6) 11 (14.9)%
morphisms in the IL10 gene cluster in RAS and control C(A) 239 35.1%
groups was determined according to r* (see Fig. 1). Imwiy CC 41(35.6) 12(35.5)
-1112 ¢T CT 68 (40.2) 31(41.9)
(rs1800925) T 10 (5.9) 1(1.4)
C {T) 26.0 223

Discussion

Research into the role of gene polvmorphisms in RAS
is ongoing. Among others, cytokines such as IL-2, IL-
4, IL-10, and IL-13 may be considered as candidate
genes for RAS (35). Defining the RAS etiologic causes
among genetic factors may, in future, help determine
the risk of disease onset (13).

Increased salivary levels of 1L-2, one of the proin-
flammatory cytokines produced by T-helper (Th)1 cells.
were found in patients with RAS compared with
healthy controls (36). While no statistical differences
were observed in the serum levels of IL-2 between
patients with RAS and controls in a Turkish popula-
tion (37), Sun er al. (26) suggested that the markedly
increased plasma level of IL-2 may have resulted from
secretion by the increased number of activated CD4 "
cells and that the expression of TL-2R by activated
peripheral blood lymphocytes was upregulated by the
plasma level of IL-2 in patients with RAS.

A relationship between (L2 SNPs//L2 haplotypes
and RAS development was not [ound in our Caucasian

Values are given as n (%) (MAF).

Comparisons were performed using Fisher’s exact or chi-square
tests.

*Only 146 controls were genotyped.

Not in Hardy-Weinberg equilibrium.

HOnly 169 controls were genotyped.

8P < 0.05.

MAF. minor allele frequency: VNTR, variable number of tandem
repeat,

population. This is in line with the results of a study by
Sun et al. (38), also showing that MAFs are similar in
Chinese healthy subjects and Czech controls. On the
other hand, protective and risk [L2 genotypes were
associated with RAS in an Iranian population (39).
The differences between these studies may be a result of
interpopulation genetic diversity: therefore, further
studies in different ethnic groups and larger samples are
needed.

Interleukins 4 and 13 — pleiotropic Th2 cytokines — are
produced by various cell types. The [L-4/IL-13 axes are
most often discussed in relation to asthma, atopic
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Table 3

Haplotype frequencies of interleukin-2 (1L2) polvmorphisms in
control and recurrent aphthous stomatitis ( RAS) groups

IL2 Control  RAS

-330 A/C IL2 +166 A/C  groupn group

(rs2069762) (rs2069763) %) (%) OR (95% CI)
A C 34.2 284 0,77 (0.50-1.19)
[ 25 { 5 33.2 19.2 1.28 (0.85-1.92)
A A 31.5 324 1.03 (0.67-1.57)
C A 1.0 0.0 0.00 (0.00-0.00)

Haplotypes are ordered according to the decreasing haplotype
frequency in healthy controls,
Comparisons were performed using the chi-square test,

Table 4

Haplotype frequencies of interleukin 4 (1L4) polymorphisms in
control and recurrent aphthous stomatitis { RAS) groups

114 -390 IL4 70 bp Control  RAS

cT VNTR intron  group  group

(rs2243250) 3 (1s79071878)  wn (%) n (%) OR (95% CI)
C 3 151 78.4  0.84 (0.52-1.35)
T 2 15.1 196 1.36 (0.83-2.24)
5 3 2.3 14 0.60 (0.13-2.84)
C 2 1.4 0.7 048 (0.06-4.12)

Haplotypes are ordered according to the decreasing haplotype fre-
quency in the healthy controls.

Comparisons were performed using the chi-square test.

VNTR. variable number of tandem repeat.

dermatitis, allergic rhinitis, chronic obstructive pul-
monary disease, cancer, inflammatory bowel disease,
autoimmune disease, and fibrotic disease (40). LEwkow-
icz et al. (41) claimed that cells in aphthous ulcers
expressed a characteristic Thl-like gene profile, whereas
Th2-related genes were not overexpressed in RAS tissues,
except [or chemokine receptor 3 (CCR3). In another
study, higher expression of IL-4, the Th2 cytokine
inhibiting Th1 differentiation and activity, was observed
in oral ulcers of patients with BD but not in patients with
RAS in comparison with healthy controls (24). Serum
levels of IL-13 were higher in patients with RAS and in
patients with BD than in healthy controls (25).

Polvmorphisms in interleuking and RAS 5

The functions of IL-13 show considerable overlap
with those of IL-4: both proteins exert biological
effects via IL-4Raz (gene position 16pl2.1-pl11.2) and
their genes are located in the 35g31.1 region. The
I1.]13 gene encodes a cytokine that induces
immunoglobulin  E (IgE) secretion from activated
human B cells (42). Interleukin 13 is an important
mediator of the physiological changes induced by
allergic inflammation,

Also. IgE levels may be considered as part of the
RAS patient’s work-up (43). The [LI3 polymorphism
(rs1800925) influenced IgE expression (44); thus, ILI3
genotypes can play a role in genetic susceptibility to
allergy via regulation of serum total IgE levels and by
affecting expression of the gene encoding interferon-y
(45). Gene variant /L4 (rs2243250) has previously been
shown to be associated with enhanced IL-4 activity,
resulting in higher total serum IgE levels (46).

Although haplotype analyses based on polymor-
phisms in /L4 and 1113 have been published previously
(47), in this study, LD/r? between /L/3 SNP and 2
polymorphisms in [L4 were very low; therefore, the
haplotype block included only the /1.4 variants (Fig. 1).
In contrast to the study by Karkan er al. (48), no asso-
ciation between IL4 (rs79071878) and RAS was found
in a Czech population. The 74 (rs79071878) MAF was
found 13.6% in European population (49), which is in
line with our finding. (49) In addition, frequencies of
the SNPs studied in [L4, /L.4Rx, and [LI3 did not dif-
fer significantly between RAS patients and controls
and, furthermore, the haplotype analysis of 14 vari-
ants did not reveal any association with RAS (see
Tables 2 and 4).

Interleukin-10, with broad immunoregulatory func-
tions. is considered as the T-regulatory lymphocyte
(Treg or Th3) subset cytokine. The enhanced produc-
tion of IL-10 protects against inflammatory diseases.
whereas lowered production helps eliminate foreign
pathogens by the host (50). The IL-10 levels were
found to be lower in patients with RAS than in con-
trols (27, 28). Although no significant increase in the
ILI0 mRNA level was recorded in RAS lesions, Buno
et al. (51) suggested that the failure to suppress the
mflammatory reaction initiated by trauma or other
external stimuli is likely to involve a functional defi-
ciency of IL-10 in the oral mucosa, which may play a

Table 5

Haplotype frequencies of interlenwkin 10 (TL10 ) polymaorphisms in the contrel and recurrent aphthous stomatitis ( RAS) groups

Control group  RAS group

TLI0 -1082 A/G (rs1800896)  [LI0 -819 C/T (rs1800871)  ZLI0 -592 C/A (rs1800872) n (%) 1 (%) OR (95% CI)
G C C 43.5 43.5 1.02 (0.69-1.50)
A 4 e 315 21.3* 0.58 (0.37-0.91)
A iE, A 23.9 33.4% 1.63 (1.07-2.47)
A T C 1.1 0.0 0.00 (0.00-0.00)
G L A 0.0 1.7 0.00 (0.00-0.00)

Haplotypes are ordered according to decreasing haplotype frequency in healthy controls.

Comparisons were performed using the chi-square test.
*P < 0.05.

24



6 Borilova Linhartova et al.

role in the pathogenesis of RAS. Interestingly. the
numbers of T cells secreting IL-4 were found to be
decreased (opposite to IL-10 which was increased) in
patients with RAS compared with controls (52).
Because IL-10 stimulates epithelial proliferation in the
healing stage, expression of a low level of TL-10 may
indicate prolonged duration of the ulcer (53).

The study by OLEksYK et al. (50) reached the conclu-
sion that polymorphisms in 7270} may reflect a balance
of the adaptive responses to autoimmune, infectious,
and other disease agents. The T (rsI800871), A
(rs1800872), and T (rs1554286) alleles in /L0 have pre-
viously been associated with BD (54). The GCC haplo-
type has a higher transcriptional activity than the ATA
haplotype. and the carriers of the ATA/ATA hap-
logenotype produce lower amounts of IL-10 than either
of the subjects with other haplogenotypes (55-58).

In the present study, variants of SNPs [LI0
(rs1800871) and /L0 (rs1800872) were associated with
RAS. In addition, the /L1{) ATA haplotype was deter-
mined as a risk factor for RAS development (33.4% in
RAS patients vs. 23.9% in controls), while the ACC
haplotype was found with a lower frequency in the
RAS group than in the control group (21.3% vs.
31.5%). Our results are particularly in line with find-
ings of NAIAFI et al. (59), in which the ACC haplotype
and CC genotypes for SNPs ILI10 (rs1800871) and IL10
(rs1800872) were found to be protective for the devel-
opment of RAS in an Iranian population. However,
there are also studies in other populations in which no
association of [L10) gene variants with RAS was found
(Table S1) (17, 38, 60).

There are certain limitations of this study. The study
population included only 74 patients with RAS. How-
ever, the number of patients from this Czech popula-
tion is comparable with the size of cohorts in other
studies; see Table S1 (38, 39. 59. 60). Another draw-
back of this study is that the levels of IL-2, 1L-4, IL-
4R, IL-10, and IL-13 were not measured; however.
the functional relevance of the gene variants selected
for the analysis is mostly known.

On the other hand, gene variability in selected inter-
leukin genes (except for 2 IL10 gene variants) (17) in
relation to RAS have not previously been analyzed in
European Caucasian populations. To date, /L4 Rx and
1L13 variability has not been studied in any population
in the context of RAS. The data presented from the
analysis of interleukin proteins indicate that L2, ILI0,
and /L/3 may be involved in RAS development and
thus they may be considered as candidate genes for this
oral disease. Nevertheless, no effect of the IL2. I14.
1L4Rz, or ILI3 SNPs themselves on the development
of RAS was found in this Czech population. In conclu-
sion, we suggest that the variability in JL/0 may be an
important factor contributing to the etiopathogenesis
of RAS in European Caucasian populations.
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table SI

Polvmorphisms in genes encoding inferfenking and their recepiors. Results of case-control associarion stuclies with RAS patients.

Gene Polymorphism Reference N (RAS  Population/ MAF Pvalue  OR (93%CI) Association
(rs number) patients/  (Racc) (in the paticnt/ with RAS
controls) control group)
Irequency of
genotype associated
with RAS (in the
patient controf
group)
H-1 H-14 (19 64/184 Czech 0.31/0.30(T allele) (.32 1.01 (0.66-1.57) NS
-880 C/T (Caucasian)
(rs1800387) (ol) 60/136 Iranian 0.34/0.32 (T allele) 0.703 1.12{0.69-181) NS
(62) 39/48 Turkish 0.21/0.38 (T allcle) 0015 23 C allele is risk for RAS
(16) 91/86 UK 0.28/0.34 (T allele) >0.05 - NS
(Caucasian)
H-14 (16) 91/83 UK 0.36/0.33 (T allele) >0.05 - NS
+4845 G/T (Caucasian)
(rs17561)
II-iB (19) 647184 Czcch 0.32/0.33 (T allcle) 0.43 094(061-1.44) NS
-S11 T/ C (Caucasian)
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(rs16944) (13) 104/73 Polish 0.28/0.37 (C allele) 0.073 - TT genotspe is risk for RAS
(Caucasian) (.32 0.36 (T 0.0347 .92
genolvpe)
(63) 36/130 Turkish 0.31/0 44 (T allele) 0.28 - NS
(61) 60/139 Iranian 0.48/0.45 (T allele) 0.564 L.16 (0.74-183) NS
(62) 41/56 Turkish 0.48/0 36 (T allele) 0.09 L6 (for Callele) NS
(16) 91/91 UK 0.31/0.29 (C allele) <0.0000 2.3 (1.6-4.0) C allele and CC genotvpe are nisk
(Caucasian)  0.28 0.08 (CC 2 4.5(19-109) for RAS
genaonhpe) <(0.0003
IL-1B (19) 64/184 Czech (.23/0.27 (T allele) 022 0.81(0.50-1.30) NS
+3934 C/T (Caucasian)
(rs| [43634) (18) 104/75 Polish 0.23/0 23 (T allele) 09274 - NS
{Caucasian)
(64) 264/263  Chinese 0.24/0.17 (T allele) - - TT genotvpe is risk for RAS
(Asian) 011 0.05¢1TT 0.002 2.86(1.37-6.33)
genonpe)
(61) 60/140 Iranian (.26/0.29 (T allcle) 0.560 0.84 (0.50-140) NS
(62) 40/56 Turkish 0. 14/0.30 (T allele) 0.015 2.6 C allele is risk for RAS
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(00) 04/64 Brazilian 0.28/0.18 (T allele) - - CT genotype is risk for RAS
.56 0.36 (CT 0.03 240(1.11-5.20)
genaivpe)
(16) 91/79 UK 0.41/0 34 (T allele) >0.03 - NS
(Caucasian)
I1-1R Pst] (6 39/140 Iranian 0.36/0.44 (T allele) 083] 093(0.38-148) NS
+1970 C/T
(rs2234630)
I-IRN (19) 64/ 184 Czech 0.29/0.27 (allele 2 039 1.09(0.70-1.70) NS
86 bp VNTR (Caucasian}  with 2 repeats)
intron 2 (16) 91/91 UK 0.26/0.33 (allele 2 - - allele T with 4 repeats and
(rs22346063) (Caucasian)  with 2 repeats) 1T genotyvpe arc risk for RAS
(.50 033(11 <002 20(1.1-3.6).
genolvpe with 4
Fepeats)
IL-iRN (61) 60/140 Iranian 0.20/0.23 (C allelc) 0a6lé 0.84(048-147y NS
Mspal 11100
T/C (rs3135952)
IL-2 I1-2-330A/C (38) 42/86 Chinesc 0.32/026 (Aalleley 03177 1.337(0.756- NS
(rs2069762) (Asian) 2.363)
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(39)* 60/ 140 Iranian 0.48/0 40 (C allele) 0.1290 1.43(0.91-223) AA genotvpe is proteetive for RAS

.08 027 (AA 0.0066 0.23(0.08-0.72) and AC genotype is risk for RAS
genohpe) 0.0089  3.11(1.29-7.76)
(.87 068 fAC
genoiypel

H-2 +166 A/C (39)* 60/140 Iranian 0.33/0.21 (A allele) 00147 1.86(1.12-3.07) A allele and AC genotype is risk for

(rs2069763) 0.37 059(CC 0.00061 040¢021-0.79) RAS
genonpe) 00124 229(1.18-446) CC genotyvpe is protective for RAS
0.60 0240 {4C
genonpe)

IL-+4 70 bp VNTR (48) 145/150  Turkish 0.15/0.03 (allele 2 <0.0001 0.25(0.14-0.44) allele 3 with 3 repeats and 33 genotype
intron 3 with 2 repeats) - (for allele 3) are protective for RAS
(rs79071878) 0.66 (.90 (33 -

genonpe with 3
Fepeais)
=500 C/T (38) 42/86 Chinese 0.46/0 43 (C allele) 08707  0.9537(0.367- NS
(rs2243250) (Asian) (for T 1616)
allcle)

-6  -174G/C (19) 64/184  Czech 0.45/0.44 (C allele) 044 093 (0.63-142) NS
(rs1800795) (Caucasian) (for G allelc)

(64) 2647264 Chinese 0.25/0.21 (C allele) »(.05 - NS
(Asian)
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(63) 36/130 Turkish 0.21/024 (Calleley  0.73 - NS
6l 60/139 Iranian 0.41/036 (Callele) 0460 1.21 (0.76-1.92) CC genotype is risk for RAS
010 0.03¢CC 0.0441 3.75(0.89—
Leaoipe) 16.39)
(30) 184/150  Turkish 0.14/0.39 (C allcle) <0.0001  3.82(2.64-55Y9) G allele and GG genotype are risk
(for G allele) for RAS
G.76 0.39 {G:G; <0.0001 4 87 (3.06-7 K3)
genonpe)
(60) 64/64 Brazilian 0.21/0 19 (C allgle) - - NS
(16) 91/91 UK 0.20/0 40 (C allgle) <0.0001 26(16-4.1) G allele and GG genotvpe are nisk
{Caucasian) (for G allcle) for RAS
0.64 (.34 (GG <0001  34{(19-62)
genotype)
-372 G/IC (19) 647184 Czech 0.07/007(Callele)y 049 0.92(042-204) NS
(rs1800796) (Caucasian) (for G allcle)
(30)** 184/150  Turkish 0.11/0.21 (C allele) 0.0008 206 (1.35-3.17) @G allele and GG genotype arc risk for

(.78 (.69 (((:

LeAOIPE)

(for G allele)
0.049 1.64 (1.00-2.69)

RAS
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(L6) 91/88 UK 0.08/0.09 (C allele)  »0.05 - NS
(Caucasian)
=307 G/A (19) 64/184 Czech 0.45/043 (Aallele) 036 091 (0.61-1.36) NS
(rs1800797) {Caucasian) (for G allele)
(61 60/139 Iranian 0.18/0.18 (A allele) 0.978 0.97(0.53-1.75) NS
IL-GR  +48992 (19) 64/179 Czech 0.36/037 (Callele) 042 0.94 (0.62-1.43) NS
(rs2228145) (Caucasian)
=i -1082 A/G (64) 264/264  Chinese 040/0.33 (Gallele) - - GG genotype is risk for RAS
(rs1800896) (Asian) 0.20 0.4 (CG 0.03 1.72(1.02-2.89)
genotype)
(39)k** 60/140 Iranian 0.39/035 (Gallele)  0.54 LI8(0.74-1.87) AG genotyvpe is risk for RAS
(.75 6.34 (AG 0.0074 2.60(1.27-539)
genoype)
(38) 42/86 Chinese 0.23/0.29 (A allele) 0.3181 0.734 (0.399- NS
(Asian) 1.349)
(60) 64/64 Brazilian 0.31/0.34 (G allele) >0.05 - NS
(7 100/91 UK 0.46/0 47 (A allele) 0.8397. 096 (0.6-14) NS
(Caucasian)
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-819C/T (64) 264/264  Chincsc 0.44/0.41 (T allcle) >0.03 - NS
(rs1800871) (Asian)
(39)F** 537/140 Iranian (.44/0.29 (T allele) 0.0062 1.92 (1.19-3.09) CC genotvpe is protective for RAS
(>0.03 CT genotype is risk for RAS
after
3.230.57 (CC Bonferr  0.29(0.13-0.61)
genotvpe) oni 291 (1.46-3383)
0.67 0.4 (T correct
genoivpe) on)
0.0003
00016
592 C/A (59)F** S8/140 Iraman 0.47/0.29 (A allele) 0.0006 2.22(1.38-3.55) CC genotype 1s protective for RAS
(rs [BDORT2) 049051 ¢ <0.0001  0.23 (0.10-030)  CA genotvpe 1s nisk for RAS
genofvpe) 00002 299 (1.50-6.00)
0676041 (CA
genotype)
(3%) 42/86 Chinesc 0.32/0.32 (A allele) 09787 1008 (0.376- NS
(Asian) 1.762)
(17) 1G0/91 UK 0.20/0.20 (A allele) 0.d686 083 (05-1.4) NS
(Caucasian}
-12 H-124T/G (38} 42/86 Chinese 0.37/0.34 (T allelc) 0.6155 L1530 (0.667- NS
(rs2243113) (Asian) 1.951)
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H-124 G/A (38) 42/86 Chinese 0.17/0.12 (A allele) 0.2647 0.638 (0.314- NS
(rs568408) {Asian) (for G 1.378)
allele)
I1-i2B (63) 39/140 Iranian 0.23/027 (G allele) 0446 0.80(0.47-1.36) NS
+1188T/G
(rs3212227)
(38) 42/86 Chinese 0.20/0.30 (T allele) 0.0906 0.586(0.314- NS
(Asian) 1.093)
(17 100/91 UK 0.23/0.18 (G allele) 0.2407 0.74 (0.5-1.2) NS
(Caucasian)
H-18  -607G/T (66) 80/80 Egsyptian 0.46/0 49 (T allele) 0.65 0.9(0.58-1.4) NS
(rs1946318)
-137G/C (66) 80/80 Egyptian 0.32/0.37 (C allele) 0.35 0.8(05-13) NS
{rs187238)

IL=intcrlcukin, RAS=rccurrent aphthous stomatitis, R=rcceptor, RN=rcecptor antagonist, NS=non-significant differcnce, VNTR=variablc numbcr of tandem repcat,

—=unknown

*AC haplotvpe is risk for RAS (P=0.0345. OR=0.64; 95% CI=0.42-0.97)

**GG haplotype (P=1.5 = 10%, OR=3.52; 953% CI=2.34-4.87) and GG/GG haplogenotype (P<0.0001) arc risk for RAS

¥¥*¥ ACC haplotype is protective for RAS (P<0.0001: OR=0.2: 95% C1=0.1-0.43)
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1.2 Comment to the article “Association study of interleukin-1 family,
interleukin-6, and its receptor gene polymorphisms in patients with recurrent

aphthous stomatitis”

Izakovicova Holla L, Valova S, Borilova Linhartova P, Bartova J, Petanova
J, Kuklinek P, Fassmann A. Association study of interleukin-1 family, interleukin-6,
and its receptor gene polymorphisms in patients with recurrent aphthous stomatitis.
J Oral Pathol Med. 2017;46(10):1030-1035. DOI: 10.1111/jop.12594. (IF 2.237;
DENTISTRY, ORAL SURGERY & MEDICINE Q1, PATHOLOGY Q2)

Author contribution: P.B.L. particularly carried out the genetic analysis and revised the
manuscript.

IL-1 is a proinflammatory cytokine responsible for the induction of other cytokines and
chemokines. The IL-1 cytokine family consists of three structurally related proteins, of
which two are agonists (IL-1 alpha and IL-1 beta) and the third, IL-1 receptor antagonist
(IL-1RA), is a competitive antagonist. IL-1RA binds to IL-1R with a higher affinity than
IL-1 and leads to regulation of cytokine secretion.

IL-6 is a multifunctional cytokine that participates in inflammatory response; it is especially
important for the acute phase response. IL-6 acts through a receptor comprising

two subunits, IL-6 receptor (IL-6R) and glycoprotein 130.

Several studies have evaluated the potential association between IL-14, IL-1B, IL-1RN, or
IL-6 gene polymorphisms and an increased susceptibility to aphthous stomatitis with
conflicting results. To date, no study has been conducted on the /L-6R gene variants in this
disease (see Overview in the Table S1 on the page 28).

In this study, we aimed to examine the associations between the /L-/ family, /L-6, and its
receptor gene variants alone or in combinations (so-called /L-/ and /L-6 haplotypes) and
RAS in the Czech population.

A total of 248 subjects, 64 patients with RAS and 184 healthy controls were genotyped for
IL-14 11800587, IL-1B rs16944, and IL-1B rs1143634, IL-6 rs1800797, IL-6 rs1800796,
1L-6 151800795, and IL-6R 1s2228145 SNPs, and IL-1RN variable tandem repeats (VNTR)
in intron 2.

No significant differences between the investigated polymorphisms in patients with RAS
and the healthy subjects were detected (P>0.05). Patients with AC genotype IL-6R
rs2228145 had a marginally, but non-significantly decreased risk of developing RAS
(P=0.09, OR=0.61, 95%CI=0.32-1.15) in comparison with AA homozygotes. In addition,
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a complex analysis also revealed similar /L-/ or IL-6 haplotype frequencies between both
groups (P>0.05).

Thus IL-1 gene cluster and /L-6 or its receptor gene variants cannot be used as markers for
the identification of Czech patients with an increased risk of RAS. Very conflicting results
regarding the association of these /L-/ and /L-6 gene variants with RAS have been detected

across different populations.
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1 | INTRODUCTION

Background: Recurrent aphthous stomatitis (RAS) is one of the most common oral
chronic ulcerative disease in which proinflammatory cytokines such as interleukin-1
(IL-1) and interleukin-6 (IL-6) are thought to play an important role. The aim of this
study was to investigate the possible association between polymorphisms in the IL-
1 cytokine family, IL-6 or its receptor and RAS in the Czech population.

Methods: A total of 248 subjects, 184 healthy controls, and 64 patients with RAS
were genotyped for IL-1A-889C>T, IL-1B-511C>T, IL-1B+3953C>T, IL-1RN86 bp
variable number of tandem repeats (VNTRs) in intron 2, IL-6-597G>A, IL-6-572G>C,
IL-6-174G>C, and IL-6R+48992A>C by polymerase chain reaction (PCR) methods.
Results: No significant differences between investigated polymorphisms in healthy
subjects and patients with RAS were detected (P>.05). In addition, complex analysis
also revealed similar IL-1 or IL-6 haplotype frequencies between both groups
(P>.05).

Conclusions: In conclusion, IL-1 and IL-6 or its receptor gene variants cannot be
used as markers for identification of Czech patients with increased risk of recurrent
aphthous stomatitis.

KEYWORDS
aphthous stomatitis, case-control study, gene polymorphism, interleukin-1, interleukin-6

also genetic disposition can be important.®* The role of genetic fac-
tors in etiopathogenesis of RAS has been confirmed in studies of rel-

Recurrent aphthous stomatitis (RAS, recurrent aphthous ulcers, can-
ker sores) is a common multifactorial disease characterized by recur-
rent episodes of oral ulcerations. The prevalence of RAS is between
5% and 20% in the general ;:acu:u..llaicm.l The disease manifests as
round or ovoid, painful, self-healing, and recurrent ulcers with cir-
cumscribed margins and erythematous haloes® and can be classified
into three dinical forms: minor, major, and herpetic ulcers. The etiol-
ogy of RAS is unknown; it has been suggested that immune dysfunc-
tion, stress, local trauma, nutritional factors, hormonal changes, and

atives and twins, where the positive family history of the disease
was reported in 24%-46% of cases® In predisposed patients, the
effect of certain trigger factors initiates the cascade of proinflamma-
tory cytokines, such as intereukin-1 (IL-1) or interleukin-6 (IL-6), and
leads to immune dvsreguhtion.”

IL-1 is a proinflammatory cytokine responsible for the induction
of other cytokines and chemokines. The IL-1 cytokine family consists
of three structurally related proteins, of which two are agonists (IL-
1% and IL-1P) and the third, IL-1 receptor antagonist (IL-1RA), is a
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competitive antagonist. IL-1RA binds to IL-1R with higher affinity
than IL-1 and leads to ablation of cytokine secretion.® These proteins
are encoded by a gene cluster located on a chromosome 2q14 con-
taining several polymorphic regions. Polymorphism at position
~889C>T of IL-1A has been described to have a regulatory effect on
basal IL-1f production’ and possible overexpression of IL-1™ IL-
1B promoter single nucleotide polymorphisms (SNPs, including
-511C>T) have been indicated to regulate the transcriptional activity
of the IL-1B gene."* The IL-1RN gene exists in six allelic variants cor-
responding to one to six copies of the 86-bp sequence repeat. The
4-repeat (IL-1RN*1) and 2-repeat (IL-1RN*2) alleles are most com-
mon, whereas others occur at a combined frequency of <5%. The IL-
1RN variability results in quantitative differences in both IL-1RA and
IL-1p production.’?

IL-6 is a multifunctional cytokine that particdpates in inflamma-
tory response; it is especially important for the acute phase
response. The IL-6 gene is located on chromosome 7p21, and a num-
ber of polymorphisms have been detected in the promoter region of
this gene. The IL-6-174G>C variant is located immediately upstream
of a multiresponse element at position —173 to —151 and affects IL-
6 transcription.!® Furthermore, two other functional SNPs, at posi-
tions —~597G>A and -572G>C, have been reported to have an effect
on IL-6 secretion capacity.™ IL-6 acts through a receptor comprising
two subunits, IL-6 receptor (IL-6R) and glycoprotein 130 (gp130).
The IL-6R gene maps to human chromosome 1q21. The +48892A>C
(Asp358Ala) polymorphism in exon 9 corresponds to the proteolytic
deavage site of IL-6R«. Subjects carrying CC genotype (Ala358Ak)
had significantly higher serum levels of soluble IL-6R (sIL-6R).**¢

Several studies evaluated the potential association between IL-

1A, IL-1B, IL-1RN, or IL-6 gene polymorphisms and an increased sus-
ceptibility to aphthous stomatitis with conflicting results.®*”%* To
date, no study has been conducted on the IL-6R gene variants in this
disease.

Therefore, in this study, we aimed to examine the associations
between the IL-1 family, IL-6, and its receptor gene variants alone or
in combinations (so-called IL-1 and IL-6 haplotypes) and RAS in the
Czech population.

2 | MATERIALS AND METHODS

21 | Subjects

The study group consisted of 64 unrelated patients with RAS (36
males and 28 females; mean age: 40.2+15.0 standard deviation [SD]
years) and 184 (92 males and 92 females; mean age: 46.5+11.8 SD
years) unrelated healthy controlks. All participants, patients and
healthy controls, were of Czech origin. RAS patients were gathered
from the Department of Immunology and Microbiology, General
University Hospital and First Faculty of Medicine, Charles University,
Prague, and Department of Clinical Immunology and Allergology,
Institution Shared with St. Anne's Faculty Hospital, Faculty of Medi-
dne, Masaryk University, Bmo. The diagnosis of RAS was made by

oral medicine specialists based on the accepted clinical criteria®*
The control group consisted of age- and sex-matched healthy indi-
viduals without history of RAS. Exclusion criteria for both groups
included the presence of any other significant local or systemic dis-
eases: Behcet's disease, celiac disease and other gastrointestinal
symptoms and/or diseases or pregnancy. The study protocol was
approved by the Local Ethics Committee of Masaryk University, Fac-
ulty of Medicine (39/2015), St Anne's Faculty Hospital (8G/2015),
and General University Hospital and First Faculty of Medicine,
Charles University, Prague (53/14), and written informed consent
was obtained from the study participants in line with the Helsinki
declaration prior to their indusion in the study.

2.2 | Genotyping

Genomic DNA was purified from peripheral blood leukocytes by the
standard method using the phenol-chloroform extraction and the
proteinase K digestion of celks. Isolation, storage of DNA, and geno-
typing of samples were conducted in the laboratory of the Depart-
ment of Pathophysiology, Faculty of Medidne, Masaryk University,
Bmo, Czech Republic.

Eight polymorphisms in the genes for IL-1 and its receptor antag-
onist (IL-1RN), IL-6, and its receptor (IL-6R) were based on the poly-
merase chain reaction (PCR). SNPs IL-1A (-889C>T rs1800587), IL-1B
(-511C>T rs16944), and IL-1B (+3953C>T rs1143634) were geno-
typed by PCR-RFLP (restriction fragment length polymorphism)
according to the methods described previously”*® The variable
number of tandem repeat (VNTR) PCR technique was used for the
detection of 86-bp repetitions in the intron 2 of the IL-1RN gene.”®
These methods were optimized, and details were presented in our
previous study.”

Single nucleotide analysis of the IL-6 gene (-597G>A rs1800797,
-572G>C rs1800796, -174G>C rs1800795) was also based on the
PCR-RFLP approach.’®® Amplification of DNA fragment containing
polymorphism IL-6R (+48892A>C rs2228145) was camied out in
reaction volume of 25.0 uL containing 75 ng of genomic DNA,
0.24 pmol/L of each primer,’® 1.5 U of DNA polymerase (Thermo
Fischer Sdentific Waltham, MA, USA), 35 mM of MgCl, 10x
MgCl,-free reaction buffer with (NH4),504 and 0.2 mM deoxyri-
bonucleoside triphosphate mix (Thermo Fischer Scientific, Waltham,
MA, USA). Denaturation for 5 minutes at 95°C was followed by 25
cydes of 95°C for 1 minute, 57°C for 1 minite, and 72°C for 1 min-
ute in the thermocycler (SensoQuest, Schoeller Instruments). The last
synthesis step was extended to 10 minutes at 72°C. The PCR prod-
ucts were then digested with Hinfl restriction enzyme. The restric-
tion was performed in a volume of 30.0 pL consisting of 25.0 uL of
the PCR product, 10x CutSmart Buffer (New England Bidlabs, Ips-
wich, MA, USA), and 5 U of Hinfl enzyme (New England Biokabs, Ips-
wich, MA, USA), that is, 25 pL PCR product+0.1 pL enzyme+3 pl
buffer+1.9 uL H,0, and incubated overnight at 37°C. The digested
products were electrophoresed in 2% agarose gel and visualized by
ethidium bromide staining.
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2.3 | Statistical analysis

Standard descriptive statistics were applied in the analysis: mean and
standard deviation (SD) for quantitative variables and absolute and
relative frequencies for categorical variables. The chi-square and
Fisher's exact tests were used for comparison of differences in geno-
types or allele frequencies among groups. Bonferroni correction was
applied to adjust the level according to the number of independent
comparisons to an overall value of P,,<05. Linkage disequilibrium
was measured by Lewontin standardized disequilibrium coefficient
(D), and haplotypes were determined using the program SNP Ana-
lyzer 2 (available on http://snp.istech21.com/snpanalyzer/2.0/). Odds
ratio (OR), confidence intervals (Cls), and P values were calculated.
All statistical analyses were performed using the program package
Statistica v. 12 (StatSoft Inc., Tulsa, OK, USA).

3 | RESULTS

The distributions of genotype and allele frequencies of IL-1 family,
IL-6, and its receptor in patients with RAS and healthy controls are
shown in Table 1. Genotype frequendes of the studied polymor-
phisms were in Hardy-Weinberg equilibrium (HWE, P-.05); only the
SNPs [L-1-511 in controk and IL-6R+48992 in patients with recur-
rent aphthae were not in the genetic balance in our population
(HWE=0.99, P<.01).

None of these polymorphisms was found to be significantly asso-
ciated with RAS (P-05). Patients with IL-6R+48992 AC genotype
had marginally but non-significantly decreased risk of developing
RAS (P-.09, OR-0.61, 95% CI1-0.32-1.15) in comparison with AA
homazygotes.

Combination of multiple variable sites showed eleven IL-1 haplo-
types with frequency more than 1% because all four polymorphisms
in the [L-1 gene exhibited variability in the degree of linkage disequi-
librium. The frequencies of these IL-1 haplotypes are summarized in
Table 2; no signifiant differences (P>.05) among IL-1 haplotypes in
Czech patients with RAS and healthy controls were found.

When we analyzed combination of three IL-6 SNPs, only five
haplotypes were found in our subjects. However, the distributions of
IL-6 haplotypes were also similar between both groups (Table 3).

4 | DISCUSSION

Recurrent aphthous stomatitis is a very common oral mucosal ulcer
disease; however, its etiopathogenesis is not well understood. In this
study, we evaluated several polymorphisms of the IL-1 family, IL-6,
and its receptor genes in a group of 248 Czech subjects. All the
examined variants are located within the regulatory regions or in the
coding sequence of the respective genes. They are of potential func-
tional importance as they have been shown to modulate cytokine
production.” %1% Our data revealed no significant differences in

frequencies of alleles or genotypes of the investigated wvariants
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IO’:" Pathology & Medicine (=W LEYJ_

among healthy and RAS-affected subjects. These findings are in dis-
agreement with some previous studies that claimed that polymor-
phisms of selected cytokines were associated with an increased risk
of RASEY 222 jino and Zhang?? described that IL-18+3954 (ac-
cording to different counting +3953 as used in this study) TT geno-
type was significantly associated with RAS. However, Guimaraes
etal.’® showed that IL-1B+3954 CT heterozygotes can influence
RAS development, and Akman and colleagues'® found C allele of this
polymorphism increased in patients with aphthous stomatitis. The
same authors also reported significant association of the IL-1A-889
C allele with RAS. In addition, Bazrafshani et al.'” found C allele and
CC genotype of the IL-1-511C>T variant and allele 1 (with four
repeats) and 11 genotypes of the IL-1RN 86-bp VNTR in intron 2 as
risk factors for recurrent aphthae. Thus, obviously very conflicting
results regarding the association of these IL-1 gene variants with
RAS have been detected. Similarly as in our study, no significant dif-
ferences of the allele or genotype frequencies between healthy sub-
jects and patients with RAS have been found in different studies for
IL-1A-889C>T,* IL-18-511C>T,**#%® and IL-1B+3953C>T7 2
polymorphisms.

In addition, a few studies on the reltionship between IL-6 pro-
moter polymorphisms and RAS have been published; however, their
results are also conflicting. While Bazrafshani et al.’” and Karakus
with colleagues®® reported a positive assodation between carriage
of the IL-6-174 GG genotype and G allele and RAS, recent study by
Najafi etal® found significantly higher frequency of IL-6-174 CC
genotype in a group of patients with RAS. In contrast, other authors
could not confirm any association between IL-6 promoter variants
and RAS in different populations.”®*** It is in agreement with our
findings where similar frequencies of the IL-6 genotypes and/or alle-
les between patients with RAS and healthy controls were found. Dif-
ferences among studies can be considered in relation to
methodological approaches applied, sample size, and espedally eth-
nic background. In the present study, we have examined for the first
time the contribution of the IL-6R+48992A>C polymorphism in RAS.
Although heterozygotes of this polymorphism had slightly decreased
risk of developing RAS in comparison with common AA homozy-
gotes, we were unable to find any significant association of this vari-
ant with RAS.

However, individual SNPs do not exist in isolation, but are genet-
ically linked, forming distinct haplotypes. As haplotype analyses may
be of a higher informative value for drawing assodations between
phenotypes and genetic variation than single polymorphisms, we
inferred haplotypes in ILl-1 and IL-6 from genotype data and per-
formed haplotype-based assodation analysis with RAS. As far as we
know, this is the first study that performed the haplotype analysis of
four IL-1A, IL-1B, and IL-1RN gene variants in RAS. Haplotype analy-
sis of IL-6 gene varants was previously performed by Karakus
et al.:”®® in other populations, only single variants were investigated.
Karakus and colleagues®™ described that the IL-6-174 and -572 GG
haplotype were found significantly higher in RAS patients and haplo-
type represented by the G allele for the -597 and -174 lod appeared
to favor a progressive disease in Turkey population. In contrast, our
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TABLE 1 The distribution of genotype and allele frequencies in healthy controls and patients with RAS

Gene
IL-1A-8B9

IL-1B-511

IL-1B+3953

IL-1RN VNTR®

IL-6-597

IL-6-572

IL-6-174

IL-6R+48992°

IZAKOVICOVA HOLLA v A

Genotypes/alleles
CcC

cT

1T

C

T

11
12
13
14
22

L I

Healthy controls N (%)
86 (46.7)
85 (46.2)
13 (7.1)

257 (69.8)

111 (30.2)
B9 (484)
67 (36.4)
28 (15.2)

245 (66.6)

123 (334)
97 (52.7)
76 (41.3)
11 (6.0)

270 (734)
98 (26.6)
50 (48.9)
70 (38.0)

7 (3.8)
2(11)
15 (8.2)

268 (72.8)

100 (2722)
35 (19.0)
88 (478)
61 (33.2)

158 (42.9)

210 (57.1)

0 (00)
24 (130)

160 (87.0)
24 (6.5)

344 (93.5)
35 (19.0)
92 (50.0)
57 (31.0)

162 (44.0)

206 (56.0)
70 (39.1)
B4 (46.9)
25 (140)

224 (62.6)

134 (37.4)

Patients with RAS N (%)
29 (45.3)
31 (484)

4(6.3)
B9 (69.5)
39 (30.5)
31 (484
25 (39.1)

8(125
B7 (68.0)
41 (32.0)
37 (57.8)
25(39.1)

2(3.4)
99 (77.3)
29 (22.7)
29 (45.3)
27 42.2)

0(00)

3(47)

5(78)
91(711)
37 (28.9)
11(17.2)
36 (56.3)
17 (26.6)
58 (45.3)
70(54.7)

0(00)

9(14.1)
55 (85.9)

9(7.0)

119 (93.0)
11(17.2)
36(56.3)
17 (26.6)
58 (45.3)
70(54.7)
30 (46.9)
22 (344
12 (18.8)
B2 (64.1)
46 (35.9)

P value
.94

52

85

22

S |

39

49

.36

49

69

21

42

OR (95% CI)
1.00

1.08 (0.60-195)
0.91 (0.28-3.02)
1.00

1.01 (0.66-157)
1.00

1.07 (0.58-1.98)
0.82 (0.34-199)
1.00

0.94 (0.61-1.44)
1.00

0.86 (0.48-1568)
0.48 (0.10-2.25)
1.00

0.81 (0.50-1.30)
1.00

1.20 (0.65-2.20)
b

4.66 (0.74-29.24)
0.97 (0.32-289)
1.00

1.09 (0.70-1.70)
1.00

1.30 (0.60-2.84)
0.89 (0.37-2.11)
1.00

0.91 (0.61-1.36)
b

109 (0.48-249)
1.00

0.92 (0.42-2.04)
1.00

1.00

1.25 (0.57-2.71)
0.95 (0.40-226)
1.00

0.95 (0.63-142)
1.00

0.61 (0.32-1.15)
112 (0.50-252)
1.00

0.94 (0.62-143)

Cl, confidential interval; IL, interleukin, IL-RN, interleukin receptor antagonist, OR, odds ratio, RAS, recurrent aphthous stomatitis, VNTRs, variable num-

ber of tandem repeats.

“For allele analysis, alleles with more than two repeat units were grouped together as IL-1RN*L (L=long allele), 2-repeat allele was marked as IL-1RN*L

(S=short allele).

®cannot be assessed due to small number.

“Genotypes are known only in 179 controls.
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TABLE 2 Estimated frequendies of IL-1 haplotypes

Haplotypes
IL-1A-889C=T

IL-1B-511C>T  IL-1B+3953C>T  IL-1RNVNTR®

4 4044400040
4 0004404400
A4 4040000 494n0
[ T e e L T e 7 T ol

Others (<0.01%)

Healthy controls

(N-184)
03372
0.1970
0.1626
00974
0.0693
00261
0.0260
00223
00207
00107
00106
00202

0.3667
0.2096
01771
0.0861
0.0666
0.0317
0.0000
0.0165
0.0000
0.0157
00243
0.0058

P value
4378
9232
BB26
5587

1.000
9386

5899

7ns
1403

sadel | 5
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OR (95% CI)

1.181 (0.777-1.793)
1.024 (0.629-1.668)
1.040 (0.615-1.760)
0.806 (0.387-1.679)
1.000 (0.436-2.295)
1.047 (0.327-3.348)

b

0.572 (0.066-4.940)
5

1.441 (0.130-16.027)
2.935(0.723-11.914)

Cl, confidential interval; IL, interleuki; IL-RN, interleukin receptor antagonist; OR, odds ratio; RAS, recurrent aphthous stomatitis; VNTRs, variable num-

ber of tandem repeats.

Haplotypes are ordered according to decreasing haplotype frequency in the healthy subjects.
*For haplotype analysis, alleles with more than two repeat units were grouped together as IL-1RN*L (L=long allele), 2-repeat allele was marked as IL-

1RN*S (S=short allele).
®Cannot be assessed due to small number.

TABLE 3 Estimated frequendes of IL-6 haplotypes

Haplotypes

IL-6-597G>A  I-6-572G>C  IL-6-174G>C Healthy controls (N=184)  Patients with RAS (N=64)  Pvalue  OR(95% C)

G G G 0.4994 04766 6862 0920 (0.615-1.377)
A G (o 04245 04531 6027 1.114 (0.743-1.669)
G C G 0.0604 00703 7587 1.134 (0.511-2.520)
G G (o 00109 0.0000 . .

A C o 0.0049 0.0000 a a

Haplotypes are ordered according to decreasing haplotype frequency in the healthy subjects.
Cl, confidential interval; IL, interleukin; OR, odds ratio; RAS, recurrent aphthous stomatitis.

*Cannot be assessed due to small number.

results suggest that IL-6 haplotypes have no effect on the risk of
RAS in the Czech population. We ako found similar frequendes of
IL-1 haplotypes between groups of healthy subjects and patients
with RAS.

There are some limitations of this study that need to be men-
tioned. The case-control approach used is vulnerable to the popula-
tion stratification, for example, ethnic origin but our subjects were
exclusively of the Czech Caucasian. Next, a relatively small number
of patients with RAS limit the statistical power to find the differ-
ences between groups. However, our sample size is comparable with
almost all previously published studies, except two larger studies by
Jing & Zhang® and Karakus et al.>® Finally, we studied only selected
variants in the cytokine genes in RAS, a multifactorial disease in
which interactions among multiple genes and environmental factors
play a role.

In summary, although the results of some previous studies indi-
cated that IL-1 and/or IL-6 gene variants might be associated with

RAS, findings of our study suggest that the studied polymorphisms
are not key factors for the development of this disease in the Czech
population. Nevertheless, further investigations in lrger populations
with different ethnic background are needed to confirm this finding.
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One of the candidate genes for RAS encodes pattern recognition NLRP3, also known as
NALP3 and cryopyrin. This protein is part of the NLRP3 inflammasome, a multi-protein
complex which triggers the activation of inflammatory caspase 1 (Jo et al., 2016).
The function of caspase 1 is to convert the pro-inflammatory cytokine precursors pro-IL-18
and pro-IL-18 into their secreted mature and active form. Caspase 1 also triggers pyroptosis,
an inflammatory cell death (Aachoui et al., 2013). Independently of inflammasomes, NLRP3
acts as a transcriptional regulator of T helper (Th) 2 differentiation through binding to /L4
promoter in CD4" Th cells of mouse model (Bruchard et al., 2015).

Alterations in the NLRP3 gene have been associated with different multifactorial diseases
with an inflammatory background and the presence of oral ulcers as one of the symptoms
such as BD (Koné-Paut et al., 2007; Yiiksel et al., 2014). NLRP3 rs3806265 was previously
associated with RAS development in the Iranian population (Bidoki et al., 2016).

The aim of our study was to investigate NLRP3 1s3806265, NLRP3 rs4612666, NLRP3
rs10754558 SNPs both in patients with RAS, and healthy controls in the Czech population.
A total of 207 subjects (64 patients with RAS and 143 healthy controls) were included in
this case-control study.

The allele and genotype frequencies of NLRP3 rs10754558 and NLRP3 rs3806265 variants
between both groups were similar. However, statistically significant differences in NLRP3
rs4612666 genotypes between the patients with RAS and the controls were found; carriers
of the TT genotype had a higher risk of developing RAS than subjects with the CT+CC
genotypes (OR=14.69, 95%CI=1.73-124.72, P=0.004, P¢x«<0.05). No associations between
NLRP3 haplotypes and RAS were observed.
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The discrepancy between our results and the findings in the Iranian study may be due to the
distinct NLRP3 rs3806265 and rs4612666 MAF in our populations (26% vs. 14% and 16%
vs. 33%, respectively, Bidoki et al., 2016).

We speculate that it is not the activity of NLRP3 inflammasome but the transcriptional role
of NLRP3 in Th2 differentiation which may be engaged in the susceptibility of NLRP3
rs4612666 TT homozygotes to RAS. Therefore, a possible lower NLRP3 expression in TT
carriers may have an impact on CD4" Th1/Th2 balance (Fig. 7). This hypothesis is in line
with observations that the number of Th2 cells secreting cytokine IL-4 was decreased in

patients with RAS compared with the controls (Albanidou-Farmaki et al., 2007).

TH2 CELL

RS4612666
T

TH2 CELL

RAS
PATIENTS

~ DO

}rqﬂl 11[[} 4]]1[. 4

NLRP3 GENE

NLRP3 PROTEIN

—— EXPRESSION

7777777777 TRANSPORT

Fig. 7. Suggested role of the NLRP3 rs4612666 SNP in the pathogenesis of RAS (Slezdkova
et al., 2018).

Note: The C allele of the NLRP3 rs4612666 SNP showed a higher transcriptional enhancer
activity of NLRP3 expression in comparison to the T allele in THP-1 cells in vitro (Hitomi

et al., 2009).

Our study indicates that the NLRP3 rs4612666 polymorphism may be involved in the
development of RAS in the Czech population.

Note: This study was presented by my student (Lucie Masopustova) at the Student scientific

conference 2017 in Brno and was awarded 3" place.

46



Accepled: 5 February 2018

DOI: 10.1111/jop. 12694

ORIGINAL ARTICLE

WILEY |Gl pathology & Medicine (|

Association of the NOD-like receptor 3 (NLRP3) gene
variability with recurrent aphthous stomatitis in the Czech

population

Simona Slezakova'? | Petra Borilova Linhartova®? | Lucie Masopustova® |
Jirina Bartova® | Jitka Petanova® | Pavel Kuklinek® | Antonin Fassmann® |

Ladislav Dusek’ | Lydie Izakovicova Holla

!Department of Pathophysiology, Faculty of
Medicine, Masaryk University, Brno, Czech
Republic

*Clinic of Stomatology, Institution Shared
with St. Anne's Faculty Hospital and
Faculty of Medicine, Masaryk University,
Brno, Czech Republic

*Faculty of Science, Masaryk University,
Brno, Czech Republic

*Institute of Clinical and Experimental
Dental Medicine, General University
Hospital and First Faculty of Medicine,
Charles University, Prague, Czech Republic

SDepartment of Immunology and
Microbiology, General University Hospital
and First Faculty of Medicine, Charles
University, Prague, Czech Republic
“Department of Clinical Immunology and
Allergology, Institution Shared with St
Anne's Faculty Hospital and Faculty of
Medicine, Masaryk University, Brmo, Czech
Republic

"Institute of Biostatistics and Analyses,
Masaryk University, Brmo, Czech Republic

Correspondence

Lydie |zakovicova Holla, Clinic of
Stomatology and Department of
Pathophysiology, Facully of Medicine,
Masaryk University, Brmo, Czech Republic.
Email: holla@med muni.cz

1 | INTRODUCTION

12
L

Background: Recurrent aphthous stomatitis (RAS) is a multifactorial disease with
unclear etiopathogenesis in which disturbance of immunological processes may be
involved. The aim of our study was to investigate three single nucleotide polymor-
phisms (SNPs) rs3806265, rs4612666, rs10754558 in NOD-like receptor 3 (NLRP3),
the gene encoding the component of inflammasome, in patients with RAS and
healthy controls in the Czech population.

Methods: A total of 207 subjects were included in this case-control study. Sixty-
four patients with RAS and 143 healthy controls were genotyped by a method
based on polymerase chain reaction using 5 nuclease TagMan™ assays. Detailed
anamnestic, clinical, and laboratory data were obtained from all subjects.

Results: The allele and genotype frequencies of NLRP3 polymorphisms (rs10754558
and rs3806265) between both groups were similar. However, statistically significant
differences in NLRP3 rs4612666 genotypes between the patients with RAS and
controls were found; carriers of the TT genotype had a higher risk of developing
RAS than subjects with the CT+CC genotypes (OR = 14.69, 95%Cl - 1.73-124.72,
P = 004, P.. < .05). No associations between NLRP3 haplotypes and RAS were
observed.

Conclusions: Our study indicates that the NLRP3 rs4612666 polymorphism may be
involved in the development of RAS in the Czech population.

KEYWORDS
NLRP3, NOD-like receptor, polymorphism, recurrent aphthous stomatitis

One of the candidate genes for RAS encodes pattern recognition
NOD-like receptor 3 (NLRP3, also known as NALP3 and cryopyrin).

Recurrent aphthous stomatitis (RAS) is a chronic multifactorial dis-
ease characterized by the presence of single or multiple painful ero-
sions or ulcers on the oral mucosa. The etiopathogenesis of RAS has
not been fully elucidated yet. it seems that besides stress, allergy,
local trauma, microbial environment, and nutritional factors, also
genetically influenced dysregulation of the immune system may play
a role.?

NLRP3 together with the adaptor protein (apoptosis-associated
speck-like protein containing a C-terminal caspase recruitment
domain, ASC) and pro-caspase 1 are part of the NLRP3 inflamma-
some, a3 multi-protein complex triggers the activation of inflamma-
tory caspase 1. Function of caspase 1 is to convert the pro-
inflammatory cytokine precursors pro-intedeukin (IL}-1p and
pro-IL-18 into their secreted mature and active form. Caspase 1 also

434 ] © 2018 John Wiley & Sons A/S.
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triggers pyroptosis, an inflammatory cell death.* Independently of
inflammasomes, NLRP3 acts as a transcriptional regulator of T helper
(Th) 2 differentiation through binding to Il4 promoter in CD4' Th
cells of mouse model.®

Alterations in the NLRP3 gene have been associated with dif-
ferent multifactorial diseases with inflammatory background and
the presence of oral ulcers as one of the symptoms, such as
Behcet's disease (BD),*’ Crohn's disease,® and celiac disease.”?
Recent case-control study in Iranian population suggested that sin-
gle nucleotide polymorphism (SNP) NLRP3 rs3806265 might affect
RAS development.’* The aim of our study was to investigate
distribution of three NLRP3 SNPs (rs3B06265, rs4612666,
rs10754558) and their influence on RAS susceptibility in the Czech
population.

2 | MATERIALS AND METHODS

2.1 | Subjects and clinical examinations

Two hundred and seven Czech subjects were enrolled in this study:
64 patients with RAS (23 men and 41 women; mean age + standard
deviation [SD}: 40.2 + 15.0 years) and 143 healthy controls (67 men
and 76 women; mean age + SD: 45.6 + 12.5 years).

Dentists experienced in mucous membrane diagnosis and treat-
ment made the diagnosis of RAS based on the generally accepted
criteria using clinical examination and anamnestic data.’? RAS was
divided into three clinical subtypes: (i) major (larger than 1 cm and
deeper than the minor form, healing within 10-30 days), (i) minor
fless than 1 cm in diameter and healing within 10-14 days), (iii)
herpetiform aphthae (grouped aphthae, 1-2 mm in size) according
to Karakus et al.'® To exclude systemic disorders (such as celiac
disease, Behcet's syndrome, Crohn's disease, clinical neutropenia,
vitamin B12 deficiency, Erythema multiforme), the routine labora-
tory tests (eg enhanced sedimentation rate, complete blood
count, hemoglobin test, white blood cell count with differential,
red blood cell indices, ferritin levels, red blood cell folate assay,
serum vitamin B12, basic biochemical tests—e.g, liver function
tests and glucose), clinical immunologic investigation, and immuno-
logic tests (containing e.g, ASCA IgA, ASCA IgG, and ANCA—to
exclude idiopathic bowel diseases) were performed. Serological
tests detecting anti-herpes simplex virus antibodies (IgM and IgG)
together with clinical and anamnestic findings excluded herpetic
stomatitis.

The control group was recruited from age- and sex-matched
healthy individuals without history of RAS. Exclusion criteria for both
groups induded the presence of any other significant local or sys-
temic diseases or pregnancy. The study protocol was approved by
the Committees for Ethics of Masaryk University, Faculty of Medi-
cine (39/2015), St. Anne's Faculty Hospital (8G/2015) and General
University Hospital and First Faculty of Medicine, Charles University,
Prague (53/14) and written informed consent was obtained from the
study participants in line with the Declaration of Helsinki prior to
their inclusion in the study.

2.2 | Genetic analysis

Genomic DNA was purified from peripheral blood leukocytes by the
standard method using the phenol-chloroform extraction and pro-
teinase K digestion of cells. Genotyping of SNPs in NLRP3
(rs3806265, rsd612666, rs10754558) was based on polymerase
chain reaction using 5’ nuclease TagMan" assays (C__26646013_10,
C__26646029_10 and C__26052028_10, respectively; Thermo Fisher
Scientific, Waltham, MA, USA). The reaction mixture and conditions
were designed according to the manufacturer's instructions (Roche
Diagnostics, Mannheim, Germany); fluorescence was measured using
the LightCycler” 96 System. Application software version 1.1.0.1320
was used to analyze real-time and endpoint fluorescence data.

23 | Statistical analysis

Mean and SD for quantitative variables and absolute and relative
frequencies for categorical variables were calculated. The chi-square
test was used for comparison of the differences in the genotypes
and analysis of Hardy-Weinberg equilibrium (HWE); the allele fre-
quencies were counted from the observed numbers of genotypes by
Fisher exact test. The program SNP Analyzer 2 (available on http://
snp.istech21.com/snpanalyzer/2.0/) was used to determine haplo-
type frequencies. Odds ratio (OR), confidence intervals (Cl), and P

TABLE 1 Clinical characteristics of the examined subjects

Clinical parameters Controls N = 143 RAS patients N = 64
Mean age (years + SD) 456 + 125 402 + 150
Sex [N of men/women (%)] 67/76 (469/53.1) 23/41 (35.9/64.1)
Type of aphthae
Minor [N (%)) NA 61 (95.3)
Major [N (%)] NA 347
Herpetiform [N (%)] NA 0{0.0)
Mean number of lesions in each episode
<3 lesions [N (%)] NA 22 (344)
>3 lesions N (%)] NA 42 (65.6)
Duration of lesions to healing
Less than 1 week [N (%)] NA 31 (48.4)
Less than 2 weeks [N (%)]  NA 17 (26.6)
Two or more weeks [N (%)) NA 16 (25.0)
Number of oral ulcer recurrences
Less than 3 times per NA 1/4 (1.6/6.3)
year/irregularty [N (%]]
Al least one per NA 14 (21.9)
3 months [N (%)]
Al least one per NA 13 (20.3)
month [N (%)]
Al least 2 times NA 10 (15.6)
per month [N (%))
Permanently [N (%)] NA 22 (34.4)

N, number of subjects; RAS, recurrent aphthous stomatitis; SD, standard
deviation; NA, not applicable.
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TABLE 2 NLRP3 polymorphisms allele and genotype frequencies in patients with RAS and controls

Genotypes alleles Controls N = 143 (%) RAS N = 64 (%)
NLRP3 (rs3806265)

cc 71(4.9) 8(12.5)

cT 54 (37.8) 25 (39.41)

T 82 (57.3) 31 (48.4)

C allele 68 (23.8) 41 (32.0)

T allele 218 (76.2) 87 (68.0)
NLRP3 (rs4612666)

cc 101 (70.6) 46 (71.9)

cT 41 (28.7) 12 (18.8)

T 1(0.7) 6(9.4)

TT vs. CC+CT (0.7 vs. 99.3) (9.4 vs. 90.7)

C allele 243 (85.0) 104 (81.3)

T allele 43 (15.0) 24 (18.8)
NLRP3 (rs10754558)

CcC 61 (42.6) 19 (29.7)

cG 55 (38.5) 37 (57.8)

GG 27 (18.9) 8(125)

C allele 177 (61.9) 75 (58.6)

G allele 109 (38.1) 53 (41.4)

p

123

051

003

209

299

Peorr

A59

027°

270

OR (95%C1)

3.02 (1.01-9.04)
1.22 (0.65-2.30)
1.00
1.51 (0.95-2.39)
1.00

1.00

0.64 (0.31-1.34)
13.17 (1.54-112.59)
14.69 (1.73-124.72)

1.00

1.30 (0.75-2.26)

1.00
216 (1.11-4.19)
0.95 (0.37-2.44)
1.00
1.15 (0.75-1.76)

Cl, confidence interval; N, number of subjects; NLRP3, NOD-like receptor 3; OR, odds ratio; RAS, recurrent aphthous stomatitis, *P,,,, value < .05.

TABLE 3 Haplotype frequencies of the NLRP3 polymorphisms in the controls and RAS group

Controls N = 143 (%)  RAS patients N = 64 (%) OR (95%C1)

NLRP3 (rs3806265) NLRP3 (rs4612666) NLRP3 (rs10754558)

C C il 413 388 0.76 (049-1.18)
c G ¥ 320 29.2 1.02 (0.66-1.58)
c c c 102 89 113 (059-2.19)
: 3 & c 8.0 109 1.47 (0.77-2.80)
1 G c 4.0 78 1.78 (0.65-4.89)
T c L 24 0.0 -

c G c 15 44 225 (031-16.2)
X G T 06 0.0 xJ

Cl, confidence interval; N, number of subjects; NLRP3, NOD-like receptor 3; OR, odds ratio; RAS, recurrent aphthous stomatitis.
Haplotypes are ordered according to the decreasing haplotype frequency in the healthy controls,

*Cannot be assessed due to a small number.

values were calculated. The Bonferroni correction was used to adjust
the level according to the number of independent comparisons
(Peorr). Power analysis was conducted with respect to case-control
design of the study. All statistical analyses were performed using the
program package Statistica v. 12 (StatSoft Inc., Tulsa, Okla., USA)
and SPSS software (SPSS 22, IBM Corporation, 2013).

3 | RESULTS

The studied group included 64 patients with RAS and 143 unrelated
healthy control subjects matched by sex and age. Most of the

patients with RAS (95.3%) suffered from minor aphthae; no subjects
had a herpetiform type of this disease. More than 0% of RAS
patients recruited had at least four recurrences of oral erosions/ul-
cers per year (Table 1) and in 28 patients (43.8%) aphthae were dif-
fused (occurring in three and more sites in the oral mucosa). All the
immunological and serological tests conducted in the group of
patients with aphthous stomatitis (N = 64) were negative. However,
these patients were recruited from a bigger set of patients with RAS
who had been examined at the departments of immunology in St.
Anne's Faculty Hospital in Bmo or General University Hospital in
Prague. Patients with blood test alterations or different clinical
symptoms were excluded from subsequent genetic analysis (e.g.
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Suggested role of the NLRP3 polymorphism rs4612666 in the pathogenesis of RAS. The C allele of the NLRP3 polymorphism

rs4612666 showed a higher transcriptional enhancer activity of NLRP3 expression in comparison with the T allele in THP-1 cells in vitro.'®
Although NLRP3 is best appreciated for its innate immunological role mediating inflammasome activation, now NLRP3 debuts as a
transcription factor key for Th2 polarization.?® In Th2 cells, NLRP3 is trafficked to the nucleus and there, together with transcriptional activator
interferon regulatory factor 4 (IRF4), it binds to regulatory DNA sites and promotes the transcription of gene encoding IL-4. Findings
regarding decreased IL-4 Th2 cells secretion in patients with RAS compared with the controls'® and also significant association of the TT
genotype NLRP3 rs4612666 with a higher risk for RAS development in comparison with CC+CT genotypes in our study are in line with this
molecular hypothesis. We assume that the lower NLRP3 expression in TT carriers may have an impact on CD4+ Th1/Th2 balance affecting
thus the pathogenesis of RAS [Colour figure can be viewed at wileyonlinelibrary.com|

those with higher levels of antibodies against herpes simplex virus,
with anemia, or with suspected autoimmune bullous dermatoses).
None of the patients suffered from inflammatory bowel disease or
any other immunological disorders, and none received any systemic
treatment that could influence the results of the tests performed in
this study.

The power calculation was based on controls: RAS ratio of
approx. 2.2 and estimated statistically detectable difference
(= < 0.05, p = 0.20) + 16% for the total comparison of alleles. The
sample size enrolled is thus sufficient for the results reached in case
of SNP rs4612666. The differences detected in the other two com-
parisons were not presented as statistically significant and numeri-
cally they reached <10% range, which is quite a small difference to
be generalized. The allele and genotype distribution in NLRP3 is pre-
sented in Table 2. The frequencies of the studied SNPs were in
compliance with those expected by the HWE in the controls, with
the exception of the NLRP3 polymorphism (rs10754558) deviating
from the HWE (P < .05).

Although the allele and genotype frequencies of the NLRP3 poly-
morphisms (rs3806265 and rs10754558) between the groups of
patients with RAS and healthy controls did not differ, statistically sig-
nificant differences in the NLRP3 (rs4612666) genotype distributions
were found (P = 003, Per < .05). The comparison of the TT versus
CT-TT genotype frequencies between the patients with RAS and

healthy controls revealed significant differences, carriers of the TT
genotype had a higher risk of RAS development (OR - 14.69, 95%
Cl = 1.73-124.72, P = 004, P, < .05). The analysis of three NLRP3
SNPs revealed eight haplotypes in the studied subjects, However, no
significant differences among the NLRP3 haplotypes in healthy con-
trols and patients with RAS were found (P > .05, Table 3).

4 | DISCUSSION

Although the etiopathogenesis of RAS is unclear, it is considered a
multifactorial disease with both environmental and genetic contribu-
tions. Studies implied the involvement of Thil-type immune response
in the formation of aphthous ulcers as the Thl related genes were
overexpressed and on the contrary, the Th2 related genes were down-
regulated in RAS tissues compared to healthy mucosa.’** Dispropor-
tion of the CD4' Th1/Th2 immune response and consequently the
discrepancy in pro- and anti-inflammatory cytokine production may be
involved in a loss of the immune tolerance in the oral mucosa leading
to an inflammatory reaction and development of ulcers.

The NLRP3 gene variability has recently been identified as a sus-
ceptibility factor for RAS in the Iranian population.’* In agreement
with the results of this study, we did not observe correlation
between SNP NLRP3 rs10754558 and RAS, even though this variant
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seems to influence NLRP3 mRNA stability.** In contrast, we did not
detect any significant association between NLRP3 rs3806265 and
RAS.M Furthermore, unlike the Iranian study, the NLRP3 polymor-
phism (rs35829419) was excluded from our analysis as its frequency
in the Caucasian population is low.

Although Bidoki et al.'* suggested that NLRP3 SNP rsd4612666
did not affect the RAS development in Iranians, TT homozygotes of
this NLRP3 SNP had a higher risk of developing RAS in comparison
with subjects with the CT+CC genotypes in our population. The
NLRP3 rs4612666 C allele showed a higher transcriptional enhancer
activity of NLRP3 expression in comparison with the T allele in THP-
1 cells in vitro.*®

As the levels of IL-1 and IL-18 are higher in RAS patients in com-
parison with healthy controls,'” we speculate that not the activity of
NLRP3 inflammasome but the transcriptional role of NLRP3 in Th2
differentiation may be engaged in susceptibility of NLRP3 rs4612666
TT homozygotes to RAS. Therefore, a possible lower NLRP3 expres-
sion in TT carriers may have an impact on CD4' Th1/Th2 balance
(Figure 1). This hypothesis is in line with observations that the num-
ber of Th2 cells secreting cytokine IL-4 was decreased in patients
with RAS compared with the controls.*® The proposed role of NLRP3
SNP rs4612666 and consequently NLRP3 transcriptional function in
the pathogenesis of immune-related diseases is supported by the
findings that the C allele with a higher expression increases the risk
of developing aspirin-induced asthma.’® As one of the factors driving
aspirin-induced asthma is IL-4'” and moreover, the activation of
NLRP3 seems to be involved in the promotion of asthma in ovalbu-
min-induced allergy model,® this association is not surprising.

Inconsistency in our and previous results may be due to the dis-
tinct NLRP3 rs3806265 and rs4612666 minor allele frequency (MAF)
in Czech and Iranian population (26% vs. 14% and 16% vs. 33%,
respectively).'* In addition, discrepancy may be explained by different
approaches to data and clinical evaluation and selection of patients.

Limitations of our study are related to the case-control approach
vulnerable to population stratification. However, we investigated
three NLRP3 polymorphisms with possible functional relevance and
their haplotypes in exclusively Czech Caucasian individuals. The next
complicating factor is that the small number of subjects enrolled,
especially in the group of patients, may limit the statistical power of

our study. The power calculation with standard statistical procedures
applied showed that our sample size was sufficient to detect signifi-
cant differences, especially for rsd4612666 variant. In addition, one
NLRP3 polymorphism (rs10754558) did not comply with HWE in
controls. Numerically, the deviation from HWE was caused by asym-
metric distribution profile of the alleles for only this variant. There-
fore, the study does not present any significant result which could
be affected by the deviation from the HWE.

To our knowledge, this study represents the first evidence of asso-
ciation between NLRP3 and RAS in European Caucasian population.
Although the effect of NLRP2 rs3806265 on the development of RAS
was not confirmed, our findings suggest a strong association between
NLRP3 rs4612666 and RAS in the Czech population. However, further
studies in larger independent cohort are required to prove our results.
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2. External apical root resorption (EARR)

Note: This chapter builds on my Dissertation thesis (Botilova Linhartova, 2014).

EARR is a relatively frequent adverse consequence of treatment with a fixed orthodontic
appliance caused by the activation of odontoclasts which results in a loss of dental tissues.
It is a pathological process manifested by an irreversible shortening of the tooth's root.
EARR is assumed to have a multifactorial etiopathogenesis where biological and mechanical
effects are involved in its development and progression.

At the molecular level, regulatory proteins modulating the inflammation reaction (adenosine
triphosphate — ATP/ purinergic receptor — P2RX7/ IL-1P) and controlling the activation of
osteoclasts (nucleic factor receptor activator kB — RANKY/ ligand activator of nuclear
factorkB — RANKL/ osteoprotegerin — OPG) are considered as key factors.
Osteopontin (OPN), also known as secreted phosphoprotein 1 (SPP1), is one of the
noncollagenous proteins present in the bone matrix. It is also produced by activated cells of
the immune system. OPN plays a critical role in the maintenance of bone, especially as
a molecule involved in the response of bones to external stress. It is also involved in other
homeostatic defense mechanisms within the mammalian organism. The role of OPN in
inflammatory conditions in the oral cavity is still poorly understood (Rittling and Singh,
2015).

Based on the etiopathogentic hypothesis, genes involved in the modulation of inflammatory
response and bone remodeling are studied in patients with postorthodontic EARR. Findings
observed in our studies in the Czech population (Linhartova et al., 2013; Borilova Linhartova
et al., 2017) were included in the work from Hartsfield et al. (2017) and the overview figure
was created (Fig. 8).
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Fig. 8. Genetic associations to EARR within the ATP/P2RX7/IL-1B and
RANK/RANKL/OPG signaling pathways. The pie-charts located throughout the diagram
summarize the genetic association and linkage findings connected to different factors within
the pathways and EARR. The number of triangles within each pie shape summarize the
number of markers or independent tests that were examined for each factor (Hartsfield et al.,
2017).
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2.1 Comment to the article “Genetic determinants and postorthodontic
external apical root resorption in Czech children”

Borilova Linhartova P, Cernochova P, Kastovsky J, Vrankova Z, Sirotkova M,
Izakovicova Holla L. Genetic determinants and postorthodontic external apical root
resorption in Czech children. Oral Dis. 2017;23(1):29-35. DOI: 10.1111/0di.12564.
(IF 2.31; DENTISTRY, ORAL SURGERY & MEDICINE Q1)
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out genetic analysis.

Candidate genes and their specific polymorphisms were selected on the basis of previously
described associations in other populations (see Overview in the Table on the page 59),
proven functional effects in the etiopathogenesis of EARR, an MAF higher than 0.1 in the
population studied, and/or localization within the haplotype structure of the gene. Although
IL-17 is a pro-inflammatory cytokine which plays a role in odontoclastogenesis, no /L-17
gene variant had been studied in relation to EARR before.

The aim of this work was to analyze the possible associations between the selected clinical
and treatment-related parameters, seven SNPs in the [IL-174, P2RX7, SPPI, and
TNFRSFI11B (encoding OPG) genes, and EARR in Czech children after orthodontic
treatment.

This case-control study comprised 99 orthodontically treated patients (69 controls and 30
subjects with EARR). Genotype determinations of /L-174 rs2275913, P2RX7 15208294,
P2RX7 rs1718119, SPPI1 rs11730582, SPPI 1s9138, TNFRSF1IB 1s3102735, and
TNFRSF11B rs2073618 were carried out.

While no significant differences were observed in the allele or genotype frequencies of all
seven of the studied SNPs, the specific haplotype composed of P2RX7 (rs208294 and
rs1718119) variants modified the risk of EARR development (P<0.05, OR=4.06,
95%CI=1.05-15.66). In addition, the length of treatment with a fixed orthodontic appliance
positively correlated with the presence of EARR (P<0.05).

Consistent with the conclusions of other studies in other populations (Pereira et al., 2014;
Sharab et al., 2015), the CG haplotype of P2RX7 gene was found more often in Czech
patients with postorthodontic EARR than in the controls. This haplotype containing G allele
P2RX7 rs1718119 SNP, which encodes alanine in the protein position +348, predisposes to
a gain of function and increased pro-inflammatory IL-1P secretion (Stokes et al., 2010;
Sun et al., 2010; Diercke et al., 2012).

Although the effect of individual SNPs studied on the EARR development was not
confirmed in the Czech population, complex analysis suggested that variability in the P2RX7
gene and the length of orthodontic treatment may be important factors contributing to the
etiopathogenesis of postorthodontic EARR. This association should however be considered

carefully due to the small size of the studied population.
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Note: This study was presented by my students (Zuzana Vrankova, Martina Sirotkova) at
the Student scientific conference in 2016 in Brno and at the International Spring meeting in

2018 of the Italian orthodontic society in Naples, Italy and was awarded 1% place at both

meetings.
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OBJECTIVE: Genes, involved in the modulation of
inflammatory response and bone remodeling, play a role
in the development of postorthodontic external apical
root resorption (EARR). The aim of our study was to ana-
lyze possible associations between seven single nucleo-
tide polymorphisms (SNPs) in interleukin-17TA (IL-17),
osteopontin (SPPIl), purinoreceptor P2X7 (P2RX7), and
tumor necrosis factor receptor superfamily member 1IB
(TNFRSFI 1B) genes and EARR in children after orthodon-
tic treatment.

SUBJECTS AND METHODS: This case-control study
comprised 99 orthodontically treated patients (69 con-
trols and 30 subjects with EARR). Genotype determina-
tions of rs2275913, rs11730582, rs9138, rs208294,
rsI718119, rs3102735, and rs20736 18 were based on poly-
merase chain reaction using 5 nuclease TagMan® assays.

RESULTS: While no significant differences were
observed in allele or genotype frequencies of all seven
studied SNPs, specific haplotype of P2RX7 (rs208294
and rs1718119) modified the risk of EARR development
(P < 0.05). In addition, the length of treatment with a
fixed orthodontic appliance positively correlated with
the presence of EARR (P < 0.05).

CONCLUSIONS: Although the effect of individual SNPs
studied on the EARR development was not confirmed in
the Czech population, complex analysis suggested that
variability in the P2RX7 gene and the length of orthodon-
tic treatment may be important factors contributing to
the etiopathogenesis of postorthodontic EARR.
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Introduction

External apical root resorption (EARR) is a relatively fre-
quent adverse consequence of treatment with a fixed
orthodontic appliance caused by activation of odontoclasts
which results in a loss of dental tissues (i.e., cement and
dentin) (Brezniak and Wasserstein, 2002; Hartsfield er al,
2004). Root resorption occurs already during the initial
phase of therapy, the most affected teeth being the upper
incisors (Smale er al, 2005; Kocadereli er al, 2011). How-
ever, the prevalence of severe EARR resulting from
orthodontic treatment was low (about 3%) (Maués et al,
2015). EARR may also be present in a small percentage
of persons who have never undergone orthodontical treat-
ment (Harris er al, 1993).

Numerous factors, such as race, age, gender, malocclu-
sion, the shape of roots, extent and direction of displace-
ment of the upper incisors, type and length of orthodontic
treatment, can participate in the EARR development
(Marek er al, 2001; Picango er al, 2013; Maués et al,
2015). These factors cannot fully explain the differences
in susceptibility to EARR. In 1975, Newman described
the familial occurrence of EARR (Newman, 1975). Harris
etal (1997) published a hypothesis about a possible
genetic impact on the EARR development using a sibling
model. A retrospective twin study conducted by Ngan
et al (2004) then found evidence for both genetic and
environmental factors influencing EARR. In addition, the
involvement of multiple genes in the etiopathogenesis of
EARR was demonstrated in a mouse model (Abass er al,
2008).

During the study of hereditary risk factors, Hartsfield
et al (2004) focused on genes for proteins involved in
bone remodeling. Many studies have confirmed important
roles of proteins involved in the modulation of the inflam-
matory response, that is, adenosine triphosphate/punnore-
ceptor P2X7/interleukin-1§ (ATP/P2RX7/IL-1ff) and
regulatory proteins of osteoclast activation, that is, recep-
tor activator of nuclear factor kappa B/its ligand/osteopro-
tegerin (RANK/RANKL/OPG) (Katagiri and Takahashi,
2002; Hartsfield, 2009; Quinn and Saleh, 2009).
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Polymorphisms in caspase-1 (CASP-1), IL-1 gene clus-
ter, osteopontin (SPP1, secreted phosphoprotein 1), puri-
noreceptor P2X7 (P2RX7, purinergic receptor P2X,
ligand-gated ion channel, 7), numor necrosis factor-alpha
(TNF-2), tissue non-specific alkaline phosphatase
(TNSALP), vitamin D receptor (VDR), and/or genes
encoding RANK/OPG in relation to EARR have been pre-
viously studied in different populations (for the literature
review, see Table 1). SNP rs1143634 in the IL-IB gene,
currently one of the most studied polymorphism, was the
subject of a meta-analysis by Wu er al (2013). Although
the family-based study by Al-Qawasmi er al (2003b)
reported relation between TNF superfamily member 1A
(TNFRSFI1IA) locus encoding RANK and EARR develop-
ment, only a few single nucleotide or tandem repeat vari-
ants (SNPs or VNTRs) in other candidate genes have
been associated with postorthodontic EARR, for example,
IL-1A (Giilden er al, 2009), IL-1 receptor antagonist (IL-
IRN) (lglesias-Linares er al, 2013; Linhartova er al,
2013), P2RX7 (Pereira er al, 2014; Sharab er al, 2015),
SPP1 (lglesias-Linares er al, 2014), and TNFRSFIIB
encoding osteoprotegerin (Hartsfield, 2009).

In addition, Hayashi er al (2012) suggested that Th17
cells may aggravate the process of orthodontically induced
inflammatory root resorption, as the proinflammatory inter-
leukin-17A (IL-17A) stimulated odontoclastogenesis and
influenced the mRNA expression of RANKL from human
dental pulp cells in vitro (Nakano er al, 2015). No study
has investigated IL-17 gene varability in postorthodontic
EARR till now. Recently, the IL-17A -197A/G (rs2275913)
functional polymorphism has been associated with IL-17
production in mononuclear cells and the ‘red complex’
bacteria occurrence in Czech non-diabetic and diabetic
(type 1) patients suffering from chronic periodontitis (Bor-
ilova Linhartova et al, 2016).

The aim of this work was to analyze possible associa-
tions between the selected clinical and treatment-related
parameters, seven SNPs in the IL-17A, P2RX7, SPP1, and
TNFRSFIIB genes, and EARR in Czech children after
orthodontic treatment. Candidate genes and their specific
polymorphisms were selected on the basis of previously
described associations in other populations (see Table 1),
proven functional effects in etiopathogenesis of EARR,
minor allele frequency (MAF) higher than 0.1 in the popu-
lation studied, and/or localization within the haplotype
structure of the gene.

Materials and methods

Subjects and clinical examinations

For this case-control retrospective study, 99 Caucasian children of Czech
origin [37 boys and 62 girls, 15.0 + 4.7 (mean age + standard devia-
tion)] were selected from the patients pool of the Orthodontic Depart-
ment, Clinic of Stomatology, Instiutions Shared with St. Anne’s Faculty
Hospital, Faculty of Medicine, Masaryk University, Bmo, Czech Repub-
lic, from 2005 to 2015, and demographic data are shown in Table 2. All
subjects had the complete anamnestical and clinical data available, and
clearly assessable X-ray radiographs (orthopantomograms and lateral
cephalometric radiographs) taken before and after treatment using the
same machine. The exclusion criteria were previous injury of teeth,
endodontic or earlier fixed orthodontic appliance therapy, and the pres-
ence of systemic disease affecting the hard tissues The inclusion criteria
contained the presence of maxillary incisors free of fractures or abrasion

Oral Diseases

on the incisal edges between measurements before and after orthodontic
treatment and agreement to participate in the study. All the patients were
treated by one physician (P.C.), who decided on the EARR diagnosis
according to Al-Qawasmi et al (2003ab). Differences in root and crown
lengths of maxillary incisors were determined on the basis of the mea-
surement procedure described in our previous study (Linhartova ef al,
2013).

Written informed consent was obtained from all participants in line
with the Helsinki Declaration before inclusion in the study, which was
performed with the approval of the Commitiees for Ethics of the
Medical Faculty, Masaryk University Brmo and St Anne’s Faculty
Hospital.

Genetic analysis

Isolation and storage of DNA and genotyping of samples were conducted
in the laboratory of the Department of Pathophysiology, Faculty of Medi-
cine, Masaryk University, Brno, Czech Republic.

Genotyping of seven SNPs in IL-17A -197TA/G (rs2275913), P2RX7
+489C/T (rs208294, Tyrl 55His) and +1068C/T (1s1718119, Thr348Ala),
SPP1 -443T/IC (rs11730582) and +1239A/C (rs9138). TNFRSFIIB -
163C/T (rs3102735) and +1181C/G (rs2073618, Lys3Asn) was based on
polymerase chain reaction using 5 nuclease TagMan® assays (see
Table 3). Reaction mixture and conditions were designed according to
the manufacturer’s instructions (Thermo Fisher Scientific, Waltham, MA,
USA), f ence was d using the ABI PRISM 7000 Sequence
Detection System. and SDS version 1.2.3 software was used to analyze
real-time and endpoint fluorescence data. Genotyping was performed by
PBL JK. ZV., and M.S. unaware of the phenotype and 10% of sam-
ples were analyzed in duplicates.

Statistical analysis

Statistical analysis was performed using the standard descriptive statistics,
and absolute and relative frequencies for categorical variables and mean
with standard deviation (s.d.) for continuous variables were determined.
Allele frequencies were calculated from the observed number of
types. Fisher's exact test was used to assess the significance of the differ-
ences between the groups of patients and controls. Significance of
deviations from Hardy-Weinberg equilibrium and differences in the
genotype frequencies for each polymorphism were calculated using the
chi-square test. Linkage disequilibrium was measured by Lewontin stan-
dardized disequilibrium coefficient (D) and haplotypes were determined
using the program SNP Analyzer 2 (available on http://fsnp.istech.infofis
tech/boardflogin_form.jsp). Odds ratio (OR), confidential intervals (CI),
and levels of significance (P) were calculated using the software package
Statistica v. 12.0 (Statsoft Inc., Tulsa, OK, USA).

Results

The studied cohort included 30 patients with EARR (11
boys and 19 girls, mean age 146 + 32 years) and 69
unrelated healthy control subjects comparable by sex and
age (26 boys and 43 girls, mean age 15.2 £ 5.3 vyears) in
the retention phase after fixed orthodontic appliance ther-
apy. There were no significant differences in the represen-
tation of classes according to Angle’s classification or type
of treatment (extraction/non-extraction) between the
EARR patients and controls. Of the clinical variables, only
duration of treatment showed significant differences
between cases and controls (P < 0.05) (see Table 2).
Genotype frequencies of all seven studied SNPs were in
Hardy—Weinberg equilibium (P > 0.05). Distribution of
alleles and genotypes in selected loci of [L-17A, P2RX7,
SPPI, and TNFRSFIIB genes was similar between the
control and EARR groups (see Table 4). Haplotype CG
composed of P2RX7 +489C/T (rs208294, Tyrl55His) and
+1068G/A (rs1718119, Thr348Ala) variants was found
significantly more frequently in EARR patients than in
controls (in recessive model: P < 0.05, OR = 4.06, 95%
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Table 1 Review of studied polymorphisms in EARR-association and linkage studies

Polymorphism N (controls/EARR Association
Gene (rs number) Paper Study design patients) RaceANation) with EARR
CASP1 530537 Sharab er al (2015)  Case-control 134 (67/6T) Caucasian (USA) NS
rs580253
rs554344
IL-1 IL-IB Pereira et al (2014)  Retrospective 195 Caucasian (Portugal) NS
1143634 DV: ®EARRmax
Tomoyasu Case-control 54 (24/27) Asian (Japan) NS
et al (2009)
Bastos Lages Case-control 61 (38/23) Mixed (Brazil) Risk genotype TT
et al (2009)
IL-IA Giilden er al (2009) Case-control (49/45) Caucasian (German) JL-JA: Risk
rs 180058 genotype TT
IL-IB IL-1B: NS
rs1143634 Al-Qawasmi Retrospective family smdy 118 Caucasian (USA) IL-TA: NS
et al (2003a) DV: REARRmax IL-1B: Risk
) genotype CC
IL-IA Sharab et al (2015)  Case-control 134 (67/67) Caucasian (USA) NS
rs 180058
IL-IB
rs1143634 Bastos et al (2015)  Retrospective 146 after replantation Mixed (Brazil) NS
IL-IRN DV: EARR indexes of permanent teeth
rs419598
Iglesias-Linares Case-control 93 (54/39) Caucasian (Spain) IL-IA: NS
et al 2012) IL-1B: Risk
Iglesias-Linares genotype TT
et al 2013) IL-IRN: Risk
genotype TT
or 86 bp VNTR  Linhartova Case-control 106 (74/32) Cauncasian (Czech) IL-1A: NS
et al (2013) IL-1B: NS
IL-IRN: Risk
genotype IL-
IRN®*22
NS in haplotype
P2RX7 rs208294 Sharab et al (2015)  Case-control 134 (67/67) Caucasian (USA) Risk genotypes CC
or CT
rs1718119 Sharab et al (2015)  Case-control 134 (67/67) Cauncasian (USA) NS
Pereim ef al (2014)  Retrospective 195 Caucasian (Portugal) Risk genotype GG
DV: REARRmax
r$2230912 Sharab er al (2015)  Case-control 134 (67/67) Caucasian (USA) NS
SPri 59138 Iglesias-Linares Case-control 87 (50/37) Caucasian (Spain) Risk genotype CC
et al (2014)
rs 11730582 Iglesias-Linares Case-control 87 (50/37) Caucasian (Spain) Risk genotype CC
et al (2014) NS in haplotype
INF-a rs 1800629 Al-Qawasmi Retrospective family smdy 124 Caucasian (USA) NS
et al (2003b) DV: EARR phenotype
TNFRSFI1IA  rs1805034 Pereira et al (2014)  Retrospective 195 Caucasian (Portugal) NS
DV: ®EARRmax
Mik Ilite AlQ i Retrospective family smdy 124 Caucasian (USA) Associated with
Marker et al (2003b) DV: EARR phenotype EARR
DIBSH4
TNFRSF1IB  rs3102735 Pereima er al (2014)  Retrospective 195 Caucasian (Portugal) NS
DV: REARRmax
rs2073618 Hartsfield (2009) Case-control 135 Caucasian (USA) Risk genotype CC
TNSALP AL215L Al-Qawasmi Retrospective family sdy 124 Caucasian (USA) NS
et al (2003b) DV: EARR phenotype
VDR rs731236 Fontana er al (2012) Case-control 377 (16V179 Mixed (Brazil) NS (comparison
and 38 untreated) between groups
of treated patients)

CASP-1, caspase-1; DV, dependent variable: EARR, external apical root resorption: IL-1A (-B, -RN), interleukin-z (-, -receptor antagonisty. NS, non-
significant differences; P2ZRX7, purinoreceptor P2X7; SPP1, secreted phosphoprotein 1 or osteopontin; TNF-x, tumor necrosis factor-a; TNFRSFI1A
mumor necrosis factor receptor superfamily member 11A or meceptor activator of nuclear factor kappa B; TNFRSFI 1B, mmor necrosis factor receptor
superfamily ber 11B or tegerin: TNSALP, tissue non-specific alkaline phosphatase; VDR, vitamin D receptor.

¥ L

CI = 1.05-15.66 without correction for multiple compar-
isons) (see Table 5). No association between SPPI or
TNFRSFI11B haplotypes and postorthodontic EARR was  The etiopathogenesis of EARR is considered to be multifac-
found (data not shown). torial, and it is affected by several external and internal
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32 - - i . . . . .
Table 2 The clinical and teament-related characteristics of examined  remodeling and physiologically or orthodontically induced
Subjecty root resorption (Tyrovola er al, 2008).
Comtts —— In this study, for the first time, we analyzed the functional
Clinical parameters o N~ SNPinthe IL-I7 gene in relation to EARR. Although pro-
inflammatory IL-17 plays a role in odontoclastogenesis,
Mean age (years + s.d.) 152 + 53 146 + 32 polymorphism IL-17A -197A/G (rs2275913) was not asso-
Sex [N (%)) N ciated with postorthodontic EARR in Czech children.
g‘;{: ;g::}:;: :; :::;;; Besides IL-] gene variants, associations between EARR
Anglé's classification [N (%)] - . and SNPs in genes encoding OPG (Hartsfield, 2009),
Class I 29 (42.0) 13 (43.3) P2RX7 (Pereira er al, 2014; Sharab er al, 2015), and SPP1
Class Il 33 (47.8) 14 (46.7) (Iglesias-Linares er al, 2014) were found in different Cau-
TC'““ mN . 7(102) 3009 casian populations. Despite the findings of the previous
'::::fnln ) 22 (31.9) 12 (40.0) studies, no individual variant in all four studied genes was
Non-extraction ;; {63:]) ]E (wj(’) signiﬁcantly more or less frcquent in Czech EARR paticnts
Duration of treatment® [N (%)] than in controls. Nevertheless, our results regarding poly-
<22 months 15 (21.7) 3 (10.0) morphism TNFRSF11B -163C/T (rs3102735) are in agree-
22-27 months 11 (15.9) 7(233) ment with study by Pereira eral (2014). Similarly to
27-34 months 22 (31.9) 4(133) . . .
>34 months 21 (30.5) 16 (53.4) conclusion of haplotype analysis performed by Iglesias-
Linares er al (2014), no differences in haplotype frequen-
EARR, external apical root resorption; N, number of subjects: s.d., stan- cies composed of two SNPs in the SPPI gene (rs11730582
9ard deviation. and rs9138) in Czech population were detected.
P-value < 0.05. While no individual gene variant was found to provide a
significant influence on the EARR in our population, one
factors. In line with results of previous studies in other pop-  haplotype of P2RX7 gene modified the risk of orthodonti-
ulations (Segal er al, 2004; Sharab er al, 2015), a longer  cally induced EARR development. The P2RX7 protein is
length of treatment with fixed orthodontical appliance posi-  not only an important regulator of bone remodeling but it
tively correlated with the presence of EARR in Czech chil- s also able to stimulate inflammatory response release of
dren. No other clinical factors studied (Angle’s pro-inflammatory cytokines, such as IL-1f (Ferrari er al,
classification, type of treatment—extraction vs non-extrac-  2006). Viecilli er al (2009) used a P2RX7 knockout mice
tion) or gender affected the EARR development in our set. model for the demonstration of its influence on orthodontic
On the molecular level, there are two main signaling  mechanotransduction and confirmed P2RX7 as a candidate
pathways involved in the development of inflammatory  gene for orthodontically induced EARR.
EARR (Hartsfield, 2009). The ATP/P2RX7/IL-1§ inflam- To this date, two recent studies have associated SNPs
mation pathway plays a role in the activation control of  in the P2RX7 gene with postorthodontic EARR. Pereim
osteoclasts (Grol er al, 2009; Kvist er al, 2014) and the  eral (2014) found that clinical and genetic parameters,
RANK/RANKL/OPG system is involved in the alveolar =~ among others the GG variant (rs1718119) in the P2RX7
Table 3 Details of detection for SNPs in the IL-17A, P2RX7, SPPI, and TNFRSF11B genes
SNP TagMan® Genonping Assay ID Context sequence (SNP position) Localization
IL-17A C_15879983_10 TGCCCTTCCCATTTICCTTCAGAAGIA/G Promotor
-197G/A AGAGATTCTTCTATGACCTCATTGG
(rs2275913)
P2RX7 C_3019032_1 AATTCAGACCGGAAGGTGTGTAGTG[C/T] Exon 5
+489C/T ATGAAGGGAACCAGAAGACCTGTGA
(rs208294, Tyr155His)
P2RX7 C_11704039_10 CGCTTGTCTGCATTCTCCCCAGGCCIA/G) Exon 11
+1068G/A CTGTGTTCATCGACTTCCTCATCGA
(rs1718119, Thr348Ala)
sPPI C_1840808_10 GAGTAGTAAAGGAC AGAGGCAAGTTIC/T] Promotor
-443TIC TCTGAACTCCTTGCAGGCTTGAACA
(rs1 1730582)
sppi C_8826997_10 TCTCATGAATAGAAATTTATGTAGA[ALC] F'UTR region
+1239A/C GCAAACAAAATACTTTTACCCACTT
(rs9138)
TNFRSFI IB C_1971046_10 CTCTAGGGTTCGCTGTCTCCCCCATIC/T] Promotor
-163T/C AATTCCCTGGTCTAGAAGTTAGACT
(rs3102735)
TNFRSFI 1B C_1971047_1 TTACCACGAGCGCGCAGCACAGCAAIC/G) Exon 1
+1181C/G TTGTTCATTGTGGTCCCCGGAAACC
(rs2073618, Lys3Asn)
EARR, external apical root resomption; IL-17, interleukin-17; PZRX7, purinoreceptor P2X7; SNP, single nucleotide polymorphism: SPPI, secreted phos-
phoprotein 1 or osteopontin; TNFRSF11B, umor necrosis factor receptor superfamily member 11B or osteoprotegerin.
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Table 4 Genotype and allele frequencies of IL-17A, P2RX7, SPPI, and
TNFRSF11B polymorphisms in control and EARR groups

Genotype Controls EARR patients
SNP Allele N = 69 (%) N = 30 (%)
I-17A GG 28 (40.6) 12 (40.0)
-197G/A AG 28 (40.6) 15 (50.0)
(rs2275913) AA 13 (18.8) 3 (10.0)
G 84 (60.9) 39 (65.0)
A 54 (39.1) 21 (35.0)
P2RX7 cC 25(36.2) 13 (43.3)
+4890C/T cT 34(493) 11 (36.7)
(rs208294, Tyrl 55His) T 10 (14.5) 6 (20.0)
C 84 (60.9) 37 (61.7)
T 54 (39.1) 23 (38.3)
P2RX7 GG 20 (29.0) 6 (20.0)
+1068G/A AG 37 (53.6) 18 (60.0)
(rs1T18119, Thr348Ala) AA 12(174) 6 (20.0)
G 77 (55.8) 30 (50.0)
A 61 (44.2) 30 (50.0)
SPP1 T 22 (31.9) 8 (26.7)
-443TIC TC 38 (55.1) 17 (56.7)
(rs11730582) cC 9 (13.0) 5 (16.6)
T 82 (594) 33 (55.00
C 56 (40.6) 27 (45.0)
SPPI AA 36 (529) 14 (50.0)
+1239A/C AC 28 (41.2) 14 (50.0)
(rs9138)" cc 4 (5.9) 0 (0.0)
A 100 (73.5) 42 (75.0)
C 36 (26.5) 14 (25.0)
TNFRSFI1IB T 50 (72.5) 20 (66.7)
-163T/IC CT 16 (23.2) 8 (26.7)
(rs3102735) cC 343 2 (6.6)
T 116 (84.1) 48 (80.0)
C 22(159) 12 (20.0)
INFRSFI1IB cC 14 (20.3) 5(16.7)
+1181C/G CG 34 (49.3) 15 (50.0)
(12073618, Lys3Asn) GG 21 (304) 10 (33.3)
C 62 (449) 25 (41T
G 76 (35.1) 35 (58.3)

EARR, external apical root resorption; IL-17, interleukin-17; N, number
of subjects; P2RX7, purinoreceptor P2X7: SNP, single nucleotide poly-
morphism;  SPP1, secreted phosphoprotein 1 or  osteoponting
TNFRSF11B, mmor necrosis factor receptor superfamily member 11B or
osteoprotegerin.

Comparnsons performed by Fisher's exact test.

*Genotype is known only in 68 controls and 28 patients with EARR.

Table 5 Haplotype fiequencies of P2RX7 gene variants in controls and
EARR patients

Controls  EARR patients
P2RX7 P2RX7 N = 69 N= 30
Haplonpe  (rs208294)  (rs1718119) N (%) N (%)
" C G (31.3) (37.M
2 C A (29.6) (26.0)
3 T G (24.5) (24.0)
4 T A (14.6) (12.3)

EARR., external apical root resorption: N, number of subjects; PZRX7,
purinorec: P2X7.
*P-value < 0.05 in recessive models (without correction for multiple

comparisons).

gene, affected the EARR development. Sharab and
coworkers analyzed even three SNPs in the P2RX7 gene
(rs208294, 1718119, rs2230912), but with conflicting
results. The allele and genotype frequencies of two SNPs

Polymorphisms in
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genes for EARR

changing amino acid sequence in the P2RX7 protein
(+1068A/G, 1718119, Thr348Ala, and +1405A/G,
rs2230912, GInd460Arg) were similar between healthy con-
trols and EARR patients from the United States, but the
other polymorphism (+489C/T, rs208294, Tyrl55His) was
associated with EARR development (Sharab er al, 2015).

Results of our complex analysis in the P2RX7 gene can-
not be compared with distribution of haplotypes in other
populations, because no other study analyzing them in
relation to EARR exists. It is assumed that haplotype
determination can be more advantageous than an analysis
based on individual polymorphisms in the presence of
multiple susceptibility alleles, especially when the linkage
of variants is low (Morris and Kaplan, 2002), as is the
case of the studied polymorphisms in the P2RX7 gene
(D' = 0.03 in the whole set). Consistent with conclusions
of both above-mentioned studies (Pereim eral, 2014;
Sharab er al, 2015), the CG haplotype of P2RX7 gene
was more often found in Czech patients with EARR than
in controls. This haplotype (containing SNP rs1718119)
with G allele, which encodes alanine in the protein posi-
tion +348, predisposing to gain of function and increased
pro-inflammatory IL-1f secretion (Stokes er al, 2010; Sun
et al, 2010; Diercke er al, 2012), may be one of the risk
factors for the development of EARR.

The association of interindividual variability in gene
encoding P2RX7 with postorthodontic EARR in Czech
children should be carefully taken due to the small size of
studied population, even though the number of enrolled
patients is comparable with studies in other populations
(Table 1). The next drawback of this study is that the
levels of studied proteins were not measured; on the other
side, the functional significance of gene variants selected
for analysis was previously described and is mostly
known. A further limitation of the study is a method
employed for determining EARR diagnosis using two-
dimensional orthopantomograms and lateral cephalograms:
nevertheless, the testing methods provided sufficient
results similar to findings on three-dimensional images
obtained from a cone-beam computed tomography
(CBCT) (Cattaneo er al, 2008; Park er al, 2012).

In conclusion, although the effect of /L-17, P2RX7,
SPPI1, or TNFRSF1IB SNPs themselves on the develop-
ment of EARR was not confirmed in the Czech population,
complex analysis suggests that the variability in the P2ZRX7
gene and the length of treatment may be factors contributing
to the etiopathogenesis of postorthodontic EARR. However,
for the multifactorial diseases such as EARR, it is typical
that each genetic polymorphism has generally only a small
effect and interactions of gene variants with environmental
factors affect the observed clinical phenotype. Due to a
small number of subjects included in this study, number of
comparisons performed, and only marginally significant dif-
ferences, our results should be interpreted carefully and
need to be proven in a larger independent cohort.
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3. Dental caries

Note: This chapter builds on my Dissertation thesis (Botilova Linhartova, 2014).

Dental caries is a multifactorial disease, which despite a series of preventive measures
remains the most widespread infectious disease in the world. Increasing caries experience
in the pediatric population is a result of the coincidence of risk cariogenic factors and
improper lifestyle associated with social action, educational, behavioural and economic
factors.

Dental caries was associated with dysbiosis. Several oral species are acidogenic and aciduric
(Streptococcus mutans, Lactobacillus sp. and Actinomycetes sp.) and appear to work
synergistically to promote tooth demineralization. Costalonga and Herzberg (2014) suggest
that emergent consortia of minor members of the respective microbiomes act synergistically
to stress the ability of the host to respond and protect.

Innate immunity rapidly defends the host against infectious insults. These reactions are of
limited specificity and exhaust without providing long-term protection. Functional fluids and
effector molecules contribute to the defence against infectious agents, drive the immune
response, and direct the cellular players. Secretory IgA antibody and other salivary
antimicrobial systems act against cariogenic bacteria (Meyle et al., 2017).

Causal factor for the formation and development of dental caries are metabolites (organic
acids) of carbohydrates produced by cariogenic microorganisms of dental plaque. Acidic
environment cause lesions of tooth enamel and destruction of dentin depending on the length
of exposure.

In addition, the risks associated with the use of some drugs and dosage forms in relation to
the formation and development of dental caries is highlighted in our review. Drugs were
classified by the mechanism of their action in this process, into those that 1. influence the
tooth development, especially enamel, 2. directly or indirectly damage the tooth structure
and/or 3. disrupt the protective function of saliva, causing oral microflora dysbiosis
(Boftilova Linhartova and Izakovi¢ova Holla, 2017, Attachment 4).

Although, there is a declining trend in the incidence of dental caries in children, Czech
Republic undoubtedly has the potential for further improvement of the dentition in
implementation of adequate preventive measures against dental caries (LenCova and
Broukal, 2012; Botilova Linhartova and BartoSové, 2019). One of the goals of the Health 21
program (2002) is to at least 80 % of children aged 6 years were caries free and children at

age 12 had by an average maximally 1.5 DMFT (decay, missing or filled teeth).
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Early childhood caries (ECC) is defined by American Academy of Pediatric Dentistry
(AAPD) as the presence of one or more decayed (non-cavitated or cavitated lesions [di-d4]),
missing (due to caries), or filled tooth surfaces in any primary tooth in a child under the age
of six. Severe ECC (sECC) is any sign of smooth-surface caries in a child younger than
3 years of age (AAPD, 2017).

By the evaluation of possible associated factors for ECC dealt study by Ozen et al. (2016),
who associated lack of periodic dental examination, sugar and fruit-juice consumption and
prolonged (>18 months) breastfeeding with caries formation. Divaris (2016) suggested that
accurate caries risk assessment at the population-level and "precision dentistry" at the
person-level are both desirable and achievable but must be based on high-quality
longitudinal data and rigorous methodology.

In the 275 Czech children with sSECC, the upper middle teeth and the first molars in the upper
and lower jaws were most commonly affected by dental caries. On the other hand, less than

20% of sECC children had carious lesions on incisors or canines in the lower jaw (Fig. 9).

0-20%
21 -40%
41 - 60 %

61 - 80 %

RROUL

81100 %

Fig. 9. Graphical representation of the incidence of dental caries in primary dentition in
children with sECC. The scale defines % of children, who have dental caries given to the

tooth (Bofilova Linhartova et al., 2018).
The dominant affection of upper incisors with tooth decay has been described in the past by

the term "baby bottle teeth". On the other hand, the teeth in the frontal area of the lower jaw,

which are most in contact with the saliva and are protected from dental caries.
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Results of our study suggest that breastfeeding of children in the duration of 6 to 24 months
appears to be a protective factor for this infectious disease. On the contrary, serving
sweetened drinks and late start of oral hygiene was associated with sECC. Breastfeeding
longer than two years was connected to risk behaviour of mothers/caregivers which can
result in the development of SECC (Bofilova Linhartova et al., 2018, Attachment 5).

Appropriately targeted behavioural intervention using effective tools can help to eliminate
risk behaviour leading to ECC. The aim of our other study was to ascertain which visual
stimuli with a supporting text evoke the strongest emotional response in infants' mothers
and, therefore, are suitable candidates for inclusion in behavioural interventions within the
prevention of ECC. This pilot study proved that negative pictorial and text warnings about
the risks of developing caries had the potential to evoke strong emotional responses in the
mothers of infants. We identified three stimuli (Fig. 10) that could be included in future
extensive motivation material in an attempt to affect the preventive behaviour of mothers,

and thus the oral health of their infants (Bartosova et al., 2019, Attachment 6).

Lack of mother's care for her infant's teeth will cause
tooth decay.

Untreated tooth can also endanger your child's life.

Neglecting care of your child's teeth leads to serious
complications.

Fig. 10. Stimuli that could be included in future extensive motivation material in an attempt

to affect the preventive behaviour of infant's mothers (Bartosova et al., 2019).
In the context of strengthening prevention and oral care, several commercial tests for the

determination of the individual susceptibility to these diseases can be an effective tool in

behavioral intervention not only in patients with risk finding. The advantages and
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disadvantages of products currently available to dentists on the Czech (or EU) market for
testing in relation to dental caries and/or periodontal disease in children and adults were
described in our recent review (Bofilova Linhartova et al., 2019, Attachment 7). In addition,
preventive program ,,Dragons teeth* for preschool children was created and this student's
project has been running for two years under my leadership.

Note: This project and follow-up study was presented by my student (Mona Aliwiova) on

the Student scientific conference 2018 in Brno and was awarded 3™ place.

Host susceptibility is influenced by external (composition and frequency of food intake,
socio-economic, socio-cultural and behavioral factors) and internal modifying factors
(composition and quantity of saliva, chronic systemic diseases, immune status, morphology
and anatomy of dental hard tissues, genetic predisposition, Fig. 11).

Regarding the importance of genetic predisposition to dental caries (share of inheritance 20-
65 %), Wang et al. (2010) suggested in their study that the genes affecting susceptibility to
caries in the primary dentition may differ from those in the permanent teeth. Identification
of genes and genetic markers with diagnostic, prognostic and therapeutic significance have
been estabilished as one of the six main directions that current caries research should take.
Over the last decade we have seen an increasing scientific interest in the study of genetic
factors influencing the susceptibility to dental caries and protection against this disease.
The major candidate gene categories studied to date include enamel formation genes,
immune response genes, genes related to saliva, genes related to taste, and others (Vieira

et al., 2014; Chaplle et al., 2017).

diet and taste
preference

quality
systemic

quantity
of saliva

diseases
tooth

morphology

enviromental
factors

genetic
predisposition

p.

host susceptibility

to dental caries epigenetic ﬂ
- modification
Fig. 11. Factors involved in the host susceptibility to the development of dental caries

(Borilova Linhartova and Bartosova, 2019).
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The first GWAS looking for genes associated with the risk of caries development was
published in the year 2011. This study indicated that there are a number of loci that mostly
have little effect and are involved in cariogenensis (Shaffer et al., 2011). In the other GWAS
was an association between dental caries and a region in the visfatin gene found (Morrison
et al., 2016), which is also considered as a marker for obesity (Li et al., 2013). Currently
published GWAS included 19,003 children with a primary teeth and 13,353 patients with a
permanent teeth, and several gene variants were associated with the risk of dental caries
(Haworth et al., 2018). Specifically, variability in the gene encoding allantoicase enzyme
(ALLC) involved in purine metabolism, whose enzymatic activity was probably lost during
vertebrate evolution, was associated with dental caries in temporary dentition. For dental
caries in permanent dentition, the NEDD9 candidate gene encodes a neural precursor cell
expressed expressionally down-regulated protein 9, which plays a role in regulating neural
differentiation, neural cell development and migration (Haworth et al., 2018).

In addition to congenital predispositions, the importance of epigenetics in relation to dental
caries is also studied. Epigenetic mechanisms, such as methylation of DNA, histone
modification, and the presence of RNA are not coded, gene expression and potentially
pathogenesis of the disease are affected (Seo et al., 2015). Hypothetically, epigenetic
changes leading to the development of the oral cavity — especially the development of the
teeth and salivary glands — can also be associated with dental caries, immune functions in
the body can also be altered, thus impairing its natural defenses. Fernando and colleagues
(2015) proposed a protocol to evaluate a range of variables, including epigenetic factors, in
relation to the risk of developing and developing dental caries in children.

Low validity for the analysed methods may lead to patients with increased risk not being
identified, whereas some are falsely identified as being at risk. As caries risk assessment
guides individualized decisions on interventions and intervals for patient recall, improved
performance based on best evidence is greatly needed (Senneby et al., 2015). Recent
advances in deep-sequencing technologies, novel imaging methods and (meta)proteomics-
metabolomics approaches could have direct implications for developing new approaches for
improved risk assessment and prevention of this devastating and costly childhood health
condition (Hajishengallis et al., 2015).

The clinical relevance of genetic information is still problematic; the potential for
incorporating this factor into the new risk assessment prognosis program will increase with

the increase in knowledge, especially when the complex genetic profile is known (Kornman
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and Polverini, 2014). Analysis of genetic risk factors could help in the future in screening

and identifying patients with disposition to develop dental caries.

In the Czech population of children with primary and/or permanent teeth, we have so far
observed variability in genes involved in amelogenesis (DLX3, bone morphogenetic
protein 2, enamelin) (Kastovsky et al., 2017, Attachment 8; Borilova Linhartova et al.,
2018a, Attachment 9). As a result of most of our observations, the association of specific
polymorphisms with disease previously found in other populations was not confirmed.

Note: The study focused on enamelin gene variant and dental caries in children was
presented by my student (Tereza Deissova) on the Student scientific conference 2017 in

Brno and was awarded 2™ place.

On the other hand, variants in sweet taste receptor (7AS/R2) and glucose transporter
(GLUT?2) were associated with increased risk of dental caries in permanent dentition in the
population of Czech children from European Longitudinal Study of Pregnancy and
Childhood (ELSPAC, Izakovicova Holla et al., 2015, Attachment 10).

From genes encoded immunoregulatory proteins, only lactotransferrin (L TF) was previously
studied in Czech children from ELSPAC and lack of association between SNP LTF
rs1126478 and dental caries in permanent dentition was found (Volckova et al., 2014).

In the recent review from Lips et al. (2017), association between genetic polymorphisms and
risk of dental caries for most of the salivary proteins was demonstrated. Association was
found for proteins related to antimicrobial activity (beta defensin 1 and lysozyme-like
protein), pH control (carbonic anhydrase VI), and bacterial colonization/adhesion (LTF,
mucin, and proline-rich protein Db).

In addtion, our research of dental caries is focused on changes in S. mutans transcriptome
and metabolome depending on carbohydrate substrate and on a role of Candida sp. and

cariogenic bacteria in SECC development.
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3.1 Comment to the article “4CE insertion/deletion polymorphism associated

with caries in permanent but not primary dentition in Czech children”

Borilova Linhartova P, Kastovsky J, Bartosova M, Musilova K, Zackova L, Kukletova
M, Kukla L, Izakovicova Holla L. ACE insertion/deletion polymorphism associated
with caries in permanent but not primary dentition in Czech children. Caries
Res. 2016;50(2):89-96. (IF 1.811; DENTISTRY, ORAL SURGERY & MEDICINE Q2)
Author contribution: P.B.L. designed the study, drafted the paper, and particularly carried

out genetic analysis.

The angiotensin-converting enzyme (ACE) is a zinc metallopeptidase and a regulatory
component of the renin-angiotensin (RA) system, where it acts by hydrolyzing angiotensin I
(Ang I) to angiotensin II (Ang II) and inactivating the bradykinin (Ceconi et al., 2007).
Ang II not only increases blood pressure but is also a potent proinflammatory modulator
which, through activation of nicotinamide adenine dinucleotide phosphate oxidase and
production of reactive oxygen species (ROS), can induce tissue damage. Besides systemic
RAS, the local RAS contributes to the inflammatory process via stimulation of the
production of cytokines (Mendoza-Pinto et al., 2010).

Insertion/deletion (I/D) polymorphism of the ACE gene, identified as a 287 base pair Alu
repeat in intron 16 (17g23) (Rigat et al., 1990), is probably in a strong linkage disequilibrium
with another ACE gene variant affecting ACE protein levels (Tiret et al., 1992). ACE I/D
polymorphism has been associated with caries in Polish children (Olszowski et al., 2015).
The aim of this study was to analyze ACE 1/D polymorphism in a group of caries-free
children versus subjects affected by dental caries in primary/permanent dentition in the
Czech population.

In this case-control study, 220 children aged 2—6 years with ECC (dmft>1), and 743 children
from ELSPAC aged 13—15 years: 561 subjects with dental caries (DMFT>1), and 182 caries-
free children (DMFT=0), were included. The genotype determination of ACE 1/D
polymorphism in intron 16 was based on the TagMan method (Koch et al., 2015).
Although no significant differences in the allele or genotype frequencies between the caries-
free children and those affected by dental caries were observed, statistically significant
differences between the the subgroup of 179 patients with high caries experience (DMFT>4)
and caries-free children (P<0.01 and P<0.05, respectively) were detected. The comparison
of DD versus II+1D genotype frequencies between the patients with DMFT>1 or DMFT>4

and caries-free children also showed significant differences (31.5% or 35.6% vs. 23.6%,
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P<0.05 or P<0.01, respectively). A gender-based analysis identified a significant difference
in the DD versus II+ID genotype frequencies only in girls (P<0.05). In contrast, no
significant association of 4CE I/D polymorphism with ECC in young children was found
(P>0.05).

Our findings are in disagreement with those published by Olszowski et al. (2015), which
could be a result of the insufficient sample size and problematic genotyping method in the
Polish study.

Our study suggested that the ACE I/D polymorphism may be associated with caries in
permanent but not primary dentition, especially in girls in the Czech population.
Nevertheless, the mechanism of a possible ACE effect on susceptibility to dental caries is

unknown, and further research of people with different ethnic backgrounds is required.
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Abstract

Objective: Dental caries is a multifactorial, infectious disease
where genetic predisposition plays an important role. Inser-
tion/deletion (I/D) polymorphism of angiotensin-converting
enzyme (ACE) has very recently been associated with caries
in Polish children. The aim of this study was to analyze ACE
I/D polymorphism in a group of caries-free children versus
subjects affected by dental caries in the Czech population.
Materials and Methods: In this case-control study, 182 car-
ies-free children (with decayed/missing/filled teeth, DMFT =
0), 561 subjects with dental caries (DMFT 21) aged 13-15
years and 220 children aged 2-6 years with early childhood
caries (ECC, dmft 21) were included. Genotype determina-
tion of ACE /D polymorphism in intron 16 was based on the
TagMan method. Results: Although no significant differenc-
es in the allele or genotype frequencies between the caries-
free children and those affected by dental caries were ob-

served, statistically significant differences between the chil-
dren with DMFT = 0 and the subgroup of 179 patients with
high caries experience (DMFT 24; p < 0.01 and p < 0.05, re-
spectively) were detected. The comparison of DD versus
II+ID genotype frequencies between the patients with DMFT
21 or DMFT 24 and healthy children also showed significant
differences (31.5% or 35.6% vs. 23.6%, p < 0.05 or p < 0.01,
respectively). A gender-based analysis identified a signifi-
cant difference in the DD versus lI+1D genotype frequencies
only in girls (p < 0.05). In contrast, no significant association
of ACE I/D polymorphism with ECC in young children was
found (p > 0.05). Conclusions: ACE1/D polymorphism may be
associated with caries in permanent but not primary denti-
tion, especially in girls in the Czech population.

© 2016 5. Karger AG, Basel

Dental caries, the most widespread disease worldwide,
is a process of demineralization affecting dental hard tis-
sues [Ozdemir, 2013; Fejerskov et al., 2015]. It is gener-
ally accepted that cariogenic bacteria play a major role in
this process, However, the etiology of dental caries is mul-
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tifactorial with contributions from numerous compo-
nents, including oral hygiene, salivary flow and composi-
tion, diet, fluoride exposure and genetic predispositions,
among others.

Studies of twins reared together [Bretz et al., 2003,
2005] or of families [Wang et al., 2010] have shown that
dental caries is highly heritable, with 20-65% of variation
attributable to genetics. Shaffer et al. [2015] even ob-
served significant evidence of gene-by-sex interactions
for caries experience in both the primary and permanent
dentitions. The number of studies investigating the pres-
ence of genetic factors influencing individual susceptibil-
ity to caries has increased markedly over the last decade.
The review by Vieira et al. [2014] revisited recent caries
human genetic studies (candidate genes, genome-wide
linkage and association studies) and summarized candi-
date genes studied for caries in humans, including the
immune response genes, enamel formation genes and
genes related to saliva, taste and others.

Moreover, ina very recent study, angiotensin-convert-
ing enzyme (ACE) insertion/deletion (I/D) polymor-
phism has been associated with dental caries in Polish
children [Olszowski et al., 2015]. I/D polymorphism of
the ACE gene, identified as a 287 base pair Alu repeat in
intron 16 (17q23) [Rigat et al., 1990], is probably in strong
linkage disequilibrium with another ACE gene variant af-
fecting ACE protein levels [Tiret et al., 1992]. Regardless
of this, the highest serum ACE levels were observed in
homozygotes with deletion on both alleles of the ACE
gene in intron 16 [Rigat et al., 1990]. Although ACE is
best known for the catalytic conversion of angiotensin I
to angiotensin II, the use of gene-targeting techniques led
to mouse models highlighting many other biochemical
properties and actions of this enzyme. The review by
Gonzalez-Villalobos et al. [2013] discussed the contribu-
tion of ACE to many different physiological processes,
including renal development, blood pressure control, in-
flammation and immunity.

Because dental caries is caused by bacterial infection
and ACE may influence the immune response and anti-
bacterial protection, we hypothesized that polymorphism
in the ACE gene might also modify a relative risk for the
development of dental caries in Czech children. There-
fore, the first aim of the present study was to compare the
distribution of the ACE alleles and genotypes between a
group of caries-free children (with decayed/missing/
filled teeth, DMFT = 0) and children affected by dental
caries (DMFT 21) in the Czech population selected from
the European Longitudinal Study of Pregnancy and
Childhood (ELSPAC). The second aim was to analyze the

90 Caries Res 2016;50:89-96
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ACE 1/D polymorphism in a group of children aged 2-6
years with primary dentition affected by early childhood
caries (ECC, dmft 21).

Methods

Subjects

A total of 743 unrelated Caucasian children (396 boys and 347
girls), aged 13-15 years, were investigated, who had been selected
from the ELSPAC Brno study comprising over 5,000 children and
their families [ELSPAC, 1989; Kukla and Bouchalova, 1992]. The
children underwent dental examination at the Clinic of Stomatol-
ogy at St. Anne’s University Hospital and the Faculty of Medicine,
Masaryk University in Brno, as described previously [Volckova et
al., 2014). The study group comprised caries-affected subjects
(with DMFT 21; n = 561; 297 boys and 264 girls) and caries-free
children (with DMFT = 0; n = 182; 99 boys and 83 girls).

The clinical assessment was carried out by one investigator
(K.M.) using the following clinical parameters: the cavitation of the
lesion as the detection threshold of caries according to the criteria
given in the WHO Oral Health Surveys [1997], the gingival index
(GI), the plaque index (PI) and the calculus index (CSI) as de-
scribed previously [Izakovicova Holla et al., 2008]. A radiographic
examination was not performed as it was not part of routine dental
care for these subjects and would therefore be deemed unethical.
The phenotype status was assigned without knowledge of geno-
types by two independent investigators (K.M. and M.K.).

In addition, a convenience sample of 220 preschool Czech chil-
dren (125 boys and 95 girls), aged 2-6 years, was recruited, who
had been referred to the Pediatric Section of the Clinic of Stoma-
tology, St. Anne’s Faculty Hospital and the Faculty of Medicine,
Masaryk University in Brno for complex treatment under general
anesthesia. All children were generally healthy but unable to un-
dergo standard dental treatment due to their uncooperativeness
and a need for multiple restorations and extractions. Oral exami-
nation was performed by two mutually calibrated experienced pe-
diatric dentists under standard conditions in a professional dental
unit (L.Z. and K.M.). The dmft index was calculated using dental
caries (D; level) as a cutoff point for the detection of decay.

The inclusion criteria consisted of simple informed consent of
the children and their parents and an expression of their willing-
ness to participate. The study was approved by the Ethics Commit-
tee of the Faculty of Medicine, Masaryk University in Brno, and
the informed consent was obtained from all parents (in the case of
children) in line with the Helsinki Declaration prior to their inclu-
sion in the study.

DNA Isolation

DNA for genetic analysis was isolated from buccal epithelial
cells obtained by buccal swabs (children from the ELSPAC study)
or from blood (young children with ECC). Extractions were per-
formed according to the manufacturer’s instructions for the Ultra-
Clean® BloodSpin® DNA Isolation Kit (Mo Bio Laboratories, Inc.,
Carlsbad, Calif., USA) with slight adaptations.

Genotyping: TagMan Method
The ACE1/D polymorphism in intron 16 was genotyped using
an assay based on the TagMan technique (Thermo Fisher Scien-

Borilova Linhartova et al.
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Table 1. The distribution of the ACE I/D genotype and allele frequencies in children with caries experience (DMFT 21) and a subgroup
with high caries experience (DMFT =4) versus caries-free children (DMFT = 0)

Children with Children with p OR (95% CI) Children with ~ p OR (95% CI)
DMFT =0 DMFT =21 DMFT =4
Patient-based analysis n=182 n =561 n=179
ACEND
II 43(23.6) 121 (21.6) 0125 100 33(184) 0.039**  1.00
D 96 (52.8) 263 (46.9) 0.97 (0.64-1.48) 82 (45.8) 1.11 (0.65-1.91)
DD 43(23.6) 177 (31.5) 1.46 (0.90-2.37) 64 (35.8) 1.94 (1.07-3.52)
M+IDvs. DD 76.4 vs. 23.6% 68.5 vs. 31.5% 0.025>* 1.49(1.01-2.19)  64.2vs 356%  0008>*  1.80(1.14-2.85)
Allele-based analysis n=364 n=1,122 n=358
ACETD
1 allele 182 (50.0) 505 (45.0) 0.055>  1.00 148 (41.3) 0012%* 100
D allele 182 (50.0) 617 (55.0) 1.22 (0.96-155) 210 (58.7) 1.42 (1.06-1.90)

Values are expressed as n (%), unless otherwise indicated. * p < 0.05 compared to the control group with DMFT = 0.

= test. b Fisher exact test.

tific, Waltham, Mass., USA) previously described by Koch et al.
[2005]. Allele genotyping from fluorescence measurements was
then obtained using the ABI PRISM 7000 Sequence Detection Sys-
tem. SDS version 1.2.3 software was used to analyze real-time and
end-point fluorescence data. Genotyping was performed by two
investigators (J.K. and P.B.L.) unaware of the phenotype. The gen-
otype analysis was verified by using positive control subjects in
each 96-well plate and rerunning =5% of the samples, which were
100% concordant.

Statistical Analysis

Standard descriptive statistics were applied in the analysis: ab-
solute and relative frequencies for categorical variables and mean
and standard deviation (SD) for quantitative variables. Compari-
sons were made between the allele and genotype frequencies in the
patients and controls (case-control study) or between patients with
DMFT 21 and children with dmft 21 (ECC). The allele frequen-
cies were calculated from the observed numbers of genotypes. The
differences in the allele frequencies were tested by the Fisher exact
test; Hardy-Weinberg equilibrium (HWE) and genotype frequen-
cies were calculated by the ? test. The association was described
by odds ratios (OR) supplemented by their 95% confidence inter-
vals (95% CI). Only values of p < 0.05 were considered statistically
significant. Power analysis was performed with respect to the case-
control design of the study, taking the incidence rate of markers
and the estimate of OR as end-point statistical measures. Statistical
analyses were computed using the software packages Statistica v.
10 (StatSoft Inc., Tulsa, Okla., USA).

Results

Of the 963 individuals included in this study, 182
(18.9%) were caries-free children (with DMFT = 0), 561
(58.3%) were carries-affected subjects with permanent
dentition (with DMFT 2>1; mean 3.9 + 2.8) and 220

ACE Gene and Caries

(22.8%) were young children with primary dentition
(with dmft >1; mean 11.4 + 3.5). Periodontal status was
evaluated only in 743 children from the ELSPAC study.
The mean GI value per child was 0.21 (SE = 0.014).
Healthy gingiva (GI = 0) as the highest score was found
in 36.6%, grade 1 in 43.8% and grade 2 in 19.6% of the
children; grade 3 was not detected. The mean values of PI
and CSI were 0.67 and 0.68, respectively. The sample size
was optimized to ensure at least 80% power to detect a
difference in the rate of a marker between the cohorts or
to detect OR of 1.5-1.8 as statistically significant.

The observed ACE I/D genotype distributions in the
control group and patients with dental caries experience
were in HWE (p > 0.05). Although no significant differ-
ences were observed in the allele or genotype frequencies
between 182 caries-free subjects and 561 children with
DMFT 2 1, statistically significant differences were found
between children with DMFT = 0 and the subgroup of
179 patients with high caries experience (DMFT 24; p <
0.02 and p < 0.05, respectively). Further, the comparison
of the DD and II+ID genotype frequencies in patients
with DMFT 21 or DMFT 24 versus healthy children also
showed significant differences (31.5% or 35.6% vs. 23.6%,
p < 0.05, OR = 1.49, 95% CI = 1.01-2.19 or p < 0.01,
OR = 1.80, 95% CI = 1.14-2.85, respectively; table 1).

The subanalysis performed separately in the groups of
girls (n = 347) and boys (n = 396) showed a significant dif-
ference in the ITI+ID versus DD genotype frequencies only
in girls; the DD genotype was more frequent in girls with
caries experience (32.6% vs. 21.7%, p < 0.05, OR = 1.74, 95%
CI = 0.97-3.12). However, the same but nonsignificant
trend was found in the subgroup of boys (p > 0.05; table 2).

Caries Res 2016;50:89-96 91
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Table 2. The distribution of the ACE I/D genotype and allele frequencies in children with caries experience (DMFT =1) versus caries-

free children (DMFT =0) in gender subgroups

Girls with Girls with P OR (95% CI) Boys with Boys with P OR (95% CD
DMFT =0 DMEFT 21 DMFT =0 DMEFT 21
Patient-based analysis n =83 n =264 n=9 n=297
ACEI/D
I 22(26.5) 66 (25.0) 0.150* 1.00 21(20.8) 55(18.5) 0.571* 1.00
ID 43(51.8) 112 (42.4) 0.87 (0.48-158) 53(525) 151 (50.9) 1.09 (0.60-1.97)
DD 18(21.7) 86 (32.6) 1.59 (0.79-321) 25(24.7) 91(30.6) 1.39 (0.71-2.72)
[I+ID vs. DD 78.3vs. 21.7% 674vs. 32.6% 0.038%% 1.74(097-312) 733vs.247% 69.4vs.306% 0.187° 131 (0.78-2.19)
Allele-based analysis  n = 166 n=528 n =198 n=594
ACEI/D
[ allele 87 (52.4) 244 (46.2) 0096°  1.00 95 (48.0) 261(43.9) 0.182* 100
D allele 79 (47.6) 284 (53.8) 1.28 (0.90-1.82) 103 (52.0) 333(56.1) 1.18 (0.85- 1.62)

Values are expressed as n (%), unless otherwise indicated. * p < 0.05 compared to the control group with DMFT = 0.

= )¢ test. ® Fisher exact test.

Table 3. The distribution of the ACE I/D genotype and allele frequencies in children with ECC (dmft =1) versus

caries-free children (DMFT = 0)

Children ECC children P OR (95% CI)
with DMFT =0 with dmft >1
Patient-based analysis n=182 n=220
ACEI/D
I 43 (23.6) 53(24.1) 0.927* 1.00
ID 96 (52.8) 112 (50.9) 0.95(0.58-1.54)
DD 43 (23.6) 55(25.0) 1.04 (0.59-1.83)
11+ID vs. DD 76.4 vs, 23.6% 75.0 vs. 25.0% 0.420 1.08 (0.68-1.70)
Allele-based analysis n=364 n=440
ACEI/ID
1 allele 182 (50.0) 218 (49.5) 0.477 1.00
D allele 182 (50.0) 222 (50.5) 1.02 (0.77-1.34)

Values are expressed as n (%), unless otherwise indicated. *x? test. ® Fisher exact test.

The distributions of genotypes and alleles of the ACE
I/D polymorphism in children aged 2-6 years with ECC
are shown in table 3. They were in HWE with nonsignif-
icant x* values compared with the observed and expected
genotype frequencies. The frequencies of the ACE geno-
types, alleles and IT1+ID versus DD genotypes in caries-
free subjects (DMFT = 0) and children with ECC were
not significantly different (p > 0.05). In addition, no dif-
ferences were found in a sex-based analysis between
subgroups of girls and boys with ECC (with dmft >1)
when we compared them with healthy girls or boys (with
DMEFT = 0; table 4). However, the comparison of subjects
with caries in the permanent teeth (DMFT >1) and chil-

Caries Res 2016;50:89-96
DOL 10.1159/000443534

dren with ECC (dmft 21) showed significant differences
in frequencies of II+ID versus DD genotypes (p < 0.05).
In subanalysis according to gender, a significant associa-
tion of the DD genotype and D allele was detected only in

girls (p < 0.05).

Discussion

ACE is an important regulator of the renin-angioten-
sin-aldosterone system and the kallikrein-kininogen sys-
tem by creating angiotensin IT and inactivating bradyki-
nin. It is involved in the regulation of blood pressure and
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Table 4. The distribution of the ACE I/D genotype and allele frequencies in children with ECC (dmft =1) versus caries-free children

(DMFT = 0) in gender subgroups

Girls ECC girls P OR (95% CI) Boys ECC boys P OR (95% CI)
with DMFT =0 with dmft 21 with DMFT =0 with dmft =1
Patient-based analysis n=83 n=95 n=99 n=125
ACETD
11 22 (26.5) 27 (28.4) 0942° 100 21(20.8) 26 (20.8) 0833 100
D 43 (51.8) 49 (51.6) 0.93(046-1.86) 53 (52.5) 63 (50.4) 0.96 (0.49-1.90)
DD 18 (21.7) 19 (20.0) 0.86 (0.37-2.02)  25(24.7) 36(28.8) 1.16 (0.54-2.51)
I1+ID vs. DD 783vs.21.7% 80.0vs. 200% 0463>  090(044-186) 733vs. 247% 712vs.288% 0330°  120(0.66-2.17)
Allele-based analysis n=166 n=190 n=198 n=250
ACEUD
I allele 87 (52.4) 103 (54.2) 0408  1.00 95 (48.0) 115 (46.0) 0374 100
D allele 79 (47.6) 87 (45.8) 0.90 (0.44-1.86) 103 (52.0) 135 (54.0) 1.08 (0.75-1.57)

Values are expressed as n (%), unless otherwise indicated. y° test. b Fisher exact test.

inflammatory processes. The I/D polymorphism in in-
tron 16 of the ACE gene accounts for most variations in
serum ACE levels [Rigat et al., 1990]. Although this vari-
ant was primarily investigated in relation to cardiovascu-
lar diseases [Yang et al., 2013; Song et al., 2014; Zhao et
al,, 2014; Ma et al,, 2015], cancer [Zhang et al., 2014] and
diabetic nephropathy [Yuetal., 2012; Rahimi etal., 2014],
some studies have also associated this gene polymor-
phism with various diseases in the oral cavity. In the
Czech population, the D allele was previously found to be
marginally risky for chronic periodontitis [Izakovicova
Holla et al., 2001] and in the Korean population, the DD
genotype has already been associated with chronic peri-
odontitis [Kang et al., 2015]. On the other hand, in the
Turkish population, the D allele was described as protec-
tive for chronic periodontitis; moreover, no associat-
ion with generalized aggressive periodontitis was found
[Giirkan et al., 2009a, b]. In addition, the DD genotype
was reported to increase the risk of aphthous stomatitis
[Karakus et al., 2013] and very recently, Olszowski et al.
[2015] described a protective role of the DD genotype of
the ACE1/D polymorphism in dental caries in Polish chil-
dren.

In this study, we evaluated the I/D polymorphism of
the ACE gene in a relatively large group of children (n =
963) with and without caries from two different data sets
from the Czech population. In the initial analysis, we
compared the individuals with permanent dentition
aged 13-15 years from the ELSPAC study (n =743). The
subjects lived in the same area and maintained good oral
hygiene. We found that although no significant differ-
ences in the allele and/or genotype frequencies between

ACE Gene and Caries

caries-free (DMFT = 0) and caries-affected (DMFT 21)
children were detected, the number of DD homozygotes
versus [1+ID carriers differed significantly between both
groups. Moreover, in the subgroup of Czech children
with high caries experience (DMFT 24), the DD geno-
type and the D allele were identified as significant risk
factors for dental caries. Further, an ACE gene-by-sex
interaction in relation to the caries phenotype was
found.

The aim of the second experiment was to assess the
ACE I/D polymorphism in a group of preschool Czech
children with primary dentition affected by ECC. In this
group, I/D ACE alleles and genotypes were not signifi-
cantly different compared with caries-free subjects. How-
ever, the comparison of the children with caries in the
permanent teeth and those with ECC showed significant
differences in the frequency of the DD versus II+ID ge-
notypes, especially in girls.

The differences in the association of the ACE I/D
polymorphism with caries according to dmft/DMFT in-
dexes in primary/permanent dentitions in our popula-
tion can be considered in relation to the statement of
Wang et al. [2010], who suggested in their study that the
genes affecting susceptibility to caries in the primary
dentition may differ from those in the permanent teeth.
Similarly, these findings were confirmed by Olszowski et
al. [2012], who found that MBL2 polymorphisms might
have different effects on primary and permanent denti-
tions, and by the study of Romanos et al. [2015], in which
the BMP2 (rs1884302) gene polymorphism was associ-
ated with caries experience only in the primary teeth.
Thus, our study reinforces the importance of stratifica-
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tion of caries experience by the type of dentition as pri-
mary and permanent dentitions may have different genes
involved during morphogenesis and enamel formation.
However, several other genetic and environmental fac-
tors (and their interaction) may be involved. These can
be important, especially in our cohort of young children
aged 2-6 years as they were selected from a pool of un-
cooperative patients with high caries experience (mean
dmft = 11) and presumably poor oral hygiene, high sug-
ar intake and neglected care. These factors appear to play
amore important role than the genetic predisposition for
the development of dental caries in this group. On the
other hand, in children from the ELSPAC study with
good oral hygiene and collaboration with dentists, the
ACE /D polymorphism may affect the susceptibility to
dental caries.

Our results are in disagreement with those published
by Olszowski et al. [2015], who found that the DD geno-
type versus II+1ID genotypes might be protective for den-
tal caries in Polish children aged 5-13 years. We analyzed
the same ACE 1/D polymorphism as the Polish authors,
however, with some differences in sample size and meth-
odology. Firstly, Olszowski et al. [2015] examined 161
subjects: 63 children at the age of 5 with primary dentition
and 98 children at the age of 13 with permanent teeth. We
analyzed the study population of 963 unrelated children,
which comprised 220 children aged 2-6 years with ECC
in the primary dentition and 743 children aged 13-15
years with/without caries in the permanent dentition.
Secondly, analysis by gender showed the trend to a more
frequent occurrence of the DD genotype in Czech girls
with caries experience at the age of 13-15. This is in con-
trast with results of the study by Olszowski et al. [2015],
who did not find the age or sex of the children to be sig-
nificant predictors of dental caries susceptibility. Sex dif-
ferences in dental caries experience have been previously
widely reported, with females usually exhibiting a higher
prevalence and severity of disease across all ages [Lukacs
and Largaespada, 2006; Ferraro and Vieira, 2010]. In the
primary dentition, Shaffer etal. [2015] observed a greater
magnitude of the effect of genes in males than females and
assumed that different genes might play important roles
in each of the sexes in the permanent dentition. Thirdly,
we obtained our data using a method based on the Tag-
Man technique [Koch et al., 2005], while Olszowski et al.
[2015] used a method based on PCR previously published
by Moleda et al. [2006]. However, some problems with
the PCR method with restriction analysis have been re-
ported: in the past a misclassification of ID heterozygotes
as DD homozygotes caused by the preferential amplifica-

94 Caries Res 2016;50:89-96
DOI: 10.1159/000443534

tion of the D allele was described in several studies [Shan-
mugam et al., 1993; Saracevic et al., 2013]. The distribu-
tion of the D allele in 41 healthy Polish children in the
study by Olszowski et al. [2015] was 68.3%, while another
study in the Polish population reported a D allele fre-
quency of only 43.5% in 111 healthy individuals [Zak et
al., 2003]. Further, a study by Eleni et al. [2008] summa-
rized that the D allele frequency in healthy subjects varied
from 49 to 53% in the European countries. This is in ac-
cordance with our results, where the distribution of I/D
alleles in 182 healthy children without dental caries was
50:50%.

There are some potential limitations to the present
study that need to be considered. Firstly, case-control de-
sign carries the risk of providing false-positive results, es-
pecially when cases and controls are from different popu-
lation strata. However, the population studied was homo-
geneous; children were selected from the ELSPAC cohort
and from preschool children of Czech origin from South
Moravia. Our study was also relatively large - 8 times big-
ger than that of Olszowski et al. [2015], therefore the risk
of false-negative conclusion was relatively low. Secondly,
in multifactorial complex diseases, such as dental caries,
each genetic polymorphism has generally only a small ef-
fect, and interactions between gene variants and environ-
mental factors can potentially affect the observed pheno-
type. We focused just on one polymorphism in the ACE
I/D gene, and did not investigate other susceptibility
genes or variants. Thirdly, we did not have bite-wing ra-
diographs, so interproximal lesions may not have been
detected. The radiographs, despite their indubitable diag-
nostic value, were not performed for ethical reasons: to
avoid radiation exposure of young children and to reduce
to minimum the refusal rate of study participants. Finally,
data on circulating levels of ACE protein or its RNA ex-
pression were unavailable; therefore, we do not know the
functional consequences of this polymorphism in our
subjects.

In conclusion, both of the declared aims were fulfilled;
variation in the ACE gene was examined in the groups of
subjects with/without caries in the permanent dentition
and also in children with ECC in the primary dentition.
Our study suggested that the ACE I/D polymorphism
might be associated with caries in the permanent but not
primary dentition, especially in girls in the Czech popula-
tion. Nevertheless, the mechanism of a possible ACE ef-
fect on susceptibility to dental caries is unknown, and fur-
ther research in people with different ethnic backgrounds
is required.
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3.2 Comment to the article ”Vitamin D receptor 7aql gene polymorphism

and dental caries in Czech children”

Izakovicova Holla L, Borilova Linhartova P, Kastovsky J, Bartosova M, Musilova
K, Kukla L, Kukletova M. Vitamin D receptor 7Tagql gene polymorphism and dental
caries in Czech children. Caries Res. 2017;51(1):7-11. (IF 2.188; DENTISTRY, ORAL
SURGERY & MEDICINE Q2)

Author contribution: P.B.L. particularly designed the study, drafted the paper, and carried

out genetic analysis.

Vitamin D is not only a regulator of mineral homeostasis through the mediation of calcium
absorption which can influence the quality of bone, enamel, and dentin, but it is also involved
in the immune response (Lin, 2016). The biologically most active metabolite of vitamin D,
1,25(0OH)2D3, acts by binding an intracellular vitamin D receptor (VDR). The gene encoding
the VDR contains Tagl polymorphism which was associated with increased transcriptional
activity, mRNA stability, and a high serum level of 1,25(0OH),D; (Martelli et al., 2014).
The aims of our study were to (i) examine the associations between this VDR variant and
dental caries in Czech children with permanent dentition, (i1) compare the VDR Tagql allele
and genotype distributions between subgroups with mild/moderate or high caries experience,
and (i11) investigate the impact of this polymorphism on gingivitis susceptibility.

A total of 388 subjects from ELSPAC, 235 children with dental caries (DMFT>1) and 153
caries-free (DMFT=0) children were genotyped using the TagMan method for VDR Tagql
rs731236 polymorphism.

Although no significant associations between the VDR Tagl polymorphism and caries
susceptibility and/or severity were found, statistically significant differences were observed
between children with gingivitis (gingival index, GI>0) and those with healthy gingiva
(GI=0). The VDR Taql T allele and TT genotype were more frequently present in children
with gingivitis (P<0.05, OR=1.66, 95%CI=1.23-2.26, and P<0.05, OR=2.13, 95%CI=1.09-
4.16, respectively).

Several studies have evaluated the potential association between this VDR gene
polymorphism and an increased susceptibility to periodontitis (Deng et al., 2011). Before
our study, only 2 studies had analyzed allele and genotype frequencies of the VDR Tagql
polymorphism in patients with dental caries (Hu et al., 2015; Cogulu et al., 2016).

In contrast to previous studies from China and Turkey (Hu et al., 2015; Cogulu et al., 2016),

the VDR Tagql gene variant cannot be used as a marker for the identification of Czech children
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with an increased risk of dental caries. The differences in the association of the VDR Tagl
polymorphism with caries between studies can be considered in relation to the selection of
inclusion criteria (children with mixed dentition were included in the Turkish study (Cogulu
et al., 2016), sample size, ethnic background, and thus differences in MAF. In addition, no
association of this SNP with dental caries was found in the later Chinese work in children

with primary dentition (Kong et al., 2017).
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Abstract

Aim: We analyzed the VDR Taql (rs731236) gene polymor-
phism in children with and those without dental caries.
Methods: A total of 388 subjects, 153 caries-free (with de-
cayed/missing/filled teeth [DMFT] =0) and 235 children with
dental caries (DMFT =1), were genotyped by the TagMan
method. Results: Although no significant differences in VDR
Tagql allele and genotype frequencies between caries-free
and caries-affected children were detected, a significant as-
sociation between this polymorphism and gingivitis was
found (p < 0.05). Conclusions: In contrast to previous studies
from China and Turkey, the VDR Tagl gene variant cannot be
used as a marker for identification of Czech children with in-
creased dental caries risk. © 20165, Karger AG, Basel

Dental caries is one of the most frequent multifacto-
rial diseases and affects 60-90% of the population [Oz-
demir, 2013]. The etiology of caries includes environ-

mental factors such as dental plaque with cariogenic bac-
teria, diet with high contents of carbohydrates, poor oral
hygiene, low fluoride exposure, and inadequate saliva
flow. However, when exposed to the same level of envi-
ronmental factors, some patients may be more suscepti-
ble to caries than others [Yildiz et al., 2016]. There are
strong arguments for genetic contribution in dental car-
ies, and several candidate genes may be related to the
structure of enamel, composition of saliva, and host in-
flammatory response to cariogenic bacteria [Vieira et al.,
2014].

Vitamin D is not only a regulator of mineral homeo-
stasis through the mediation of calcium absorption which
can influence the quality of bone, enamel, and dentin, but
it is also involved in immune response [Lin, 2016]. The
biologically most active metabolite of vitamin D,
1,25(0OH);D;, acts by binding an intracellular vitamin D
receptor (VDR). The gene encoding the VDR, located on
the chromosome 12q13.11, contains several polymorphic
regions. The Tagl polymorphism that is characterized by
a single base transition (T>C) leading to a synonymous
change at codon 352 in exon 9 belongs to the most studied
variant. It creates a Tagql restriction site; resulting alleles
are called “T” (Tagql site absent) and “t” (Tagql site pres-
ent). The presence of the “t” allele correlates with in-
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creased transcriptional activity, mRNA stability, and a
high serum level of 1,25(OH),D; [Martelli et al., 2014].
Several studies evaluated the potential association be-
tween this VDR gene polymorphism and an increased
susceptibility to periodontitis [Deng et al., 2011]. To date,
only 2 studies have analyzed allele and genotype frequen-
cies of the VDR Tagl polymorphism in patients with den-
tal caries in Turkish and Chinese populations [Hu et al.,
2015; Cogulu et al., 2016]. However, no study has been
conducted on Caucasians yet.

Therefore, in the present study we aimed to (a) exam-
ine the associations between this VDR variant and dental
caries in Czech children, (b) compare the VDR Tagl allele
and genotype distributions between subgroups with
mild/moderate or high caries experience, and (c) investi-
gate the impact of this polymorphism on gingivitis sus-
ceptibility.

Methods

Subjects

A total of 388 unrelated Caucasian children (203 boys and 185
girls), aged 13-15 years, selected from the prospective European
Longitudinal Study of Pregnancy and Childhood (ELSPAC) Brno
study comprising over 7,000 children and their families [ELSPAC,
1989; Piler et al., 2016], were investigated. Of the whole ELSPAC
set, 900 individuals were randomly selected and invited to partici-
pate in the study of oral health. Parents of 780 adolescents agreed,
and during 2005-2007 these children underwent a detailed dental
examination. The VDR Tagql gene polymorphism was analyzed in
388 randomly chosen subjects in this preliminary study. The inclu-
sion criteria consisted of simple informed consent of the children
and their parents and an expression of their willingness to partici-
pate. The children underwent dental examination at the Clinic of
Stomatology at St. Anne’s University Hospital and the Faculty of
Medicine, Masaryk University, as described previously [Volckova
et al., 2014]. The DMFT score was calculated according to guide-
lines of the World Health Organization (1997), the gingival index
(GI), the plaque index, and the calculus index, as published in our
previous study [Izakovicova Holla et al., 2008].

The study was approved by the Committee for Ethics of the
Faculty of Medicine, Masaryk University Brno (3/2004, from
30/03/2004), and St. Anne’s Faculty Hospital (without number,
from 13/04/2004) and the informed consent was obtained from all
parents (in the case of children), in line with the Declaration of
Helsinki, prior to their inclusion in the study.

SNPs Genotyping TagMan® Assay

DNA for genetic analysis was isolated from buccal epithelial cells.
Extractions were performed according to the manufacturer’s in-
structions for the UltraClean® BloodSpin® DNA Isolation Kit (Mo
Bio Laboratories, Inc., Carlsbad, CA, USA) with small adaptations.

Genotyping of SNP Tagl in the VDR gene (rs731236,
+61968T/C) was based on polymerase chain reaction using a 5
nuclease TagMan® assay (C_2404008_10). The reaction mixture

8 Caries Res 2017;51:7-11
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and conditions were designed according to the manufacturer’s in-
structions (Thermo Fisher Scientific, Waltham, MA, USA), and
fluorescence was measured using the ABI PRISM 7000 Sequence
Detection System. SDS version 1.2.3 software was used to analyze
real-time and endpoint fluorescence data. Genotyping was verified
by using positive control subjects in each 96-well plate and rerun-
ning 25% of the samples, which were 100% concordant.

Statistical Analysis

Standard descriptive statistics were applied in the analysis:
mean and standard deviation for quantitative variables and abso-
lute and relative frequencies for categorical variables. The x* and
Fisher exact tests were used for comparison of differences in geno-
types or allele frequencies between groups. Odds ratios, confidence
intervals, and p values were calculated. Power analysis was per-
formed with respect to the case-control design of the study. All
statistical analyses were performed using the program package Sta-
tistica version 12 (StatSoft Inc., Tulsa, OK, USA) and SPSS soft-
ware (SPSS 22; IBM Corporation, 2013).

Results

The study group comprised caries-free (DMFT = 0;
n = 153; 81 boys and 72 girls) and caries-affected subjects
(DMFT 21; n = 235; 122 boys and 113 girls); 95 (40.0%)
of the caries-affected children were classified as having
low/moderate caries experience (1 £ DMFT < 4) and 140
(60.0%) as high caries experience (DMFT > 4). Healthy
gingiva (GI = 0) as the highest score was found in 38.9%,
grade 1 in 44.8%, and grade 2 in 16.2% of the children;
grade 3 was not detected. The mean GI value per child was
0.23 (SE = 0.016). The mean values of the plaque index
and the calculus index were 0.67 and 0.65, respectively.
Power calculation was used to estimate statistically de-
tectable differences (effect size). With standard statistical
procedures applied (power 80%, a error 5%), a sample
size of 388 subjects was sufficient to detect significant dif-
ferences 215% in the relative rate of a Taql marker be-
tween the subgroups.

There were no significant differences in the VDR Tagl
genotype distributions and allele frequencies between the
groups of children with and those without caries, between
caries-free subjects and subjects with high caries experi-
ence, or between patients with mild/moderate and those
high caries experience, as shown in Table 1.

Although no significant associations between the VDR
Taql polymorphism and caries susceptibility and/or sever-
ity were found, statistically significant differences were ob-
served between children with healthy gingiva (GI = 0) and
those with gingivitis (GI > 0). The T alleleand TT genotype
were more frequently present in children with gingivitis
(p=0.016 and p < 0.05, respectively, see Table 2).

Izakovicova Holla et al.
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Table 1. Distribution of the VDR Tagl (rs731236) genotype and allele frequencies in children with caries experience (DMFT = 1), mild/
moderate (1 < DMFT < 4), and high (DMFT > 4) caries experience versus caries-free children (DMFT = 0)

Caries-free Caries-affected Mild/moderate caries  High caries
children children experience experience
(DMFT =0) (DMFT = 1) (1 < DMFT <4) (DMFT >4)
VDR Tagl (rs731236) 153 (100.0) 235 (100.0) 95 (100.0) 140 (100.0)
TT 51(33.3) 95 (40.4) 38 (40.0) 57 (40.7)
Tt 85 (55.6) 110 (46.8) 47 (49.5) 63 (45.0)
tt 17 (11.1) 30 (12.8) 10 (10.5) 20 (14.3)
T allele 187 (61.1) 300 (63.8) 123 (64.7) 177 (63.2)
t allele 119 (38.9) 170 (36.2) 67 (35.3) 103 (36.8)

Values represent n (%) of subjects. VDR, vitamin D receptor; DMFT, decayed/missing/filled teeth.

Table 2. Distribution of the VDR Tagl (rs731236) genotype and allele frequencies in children with gingivitis (GI > 0) and controls with

healthy gingiva (GI = 0)

Children with healthy gingiva  Children with gingivitis OR (95% CI)
(GI=0) (GI>0)
VDR Tagql (rs731236) 151 (100.0) 237 (100.0)
T 48(31.8) 08 (41.4)* 2.13(1.09-4.16)
Tt 79(52.3) 116 (48.9) 1.53 (0.81-2.90)
tt 24 (15.9) 23(9.7) 1.00
T allele 175(57.9) 312 (65.8)* 1.66 (1.23-2.26)
t allele 127 (42.1) 162 (34.2) 1.00

Values represent n (%) of subjects. VDR, vitamin D receptor; CI, confidence interval; GI, gingival index; OR, odds ratio. * p < 0.05.

Discussion

Vitamin D plays a role in maintaining oral health
through its effects on bone and mineral metabolism and
its immunomodulatory and anti-inflammatory proper-
ties [von Essen et al., 2010]. VDR is the mediator of the
vitamin D pleiotropic biological actions. In this study, we
evaluated the Taql polymorphism of the VDR gene in a
group of Czech children aged 13-15 years. Our data
showed no significant differences in frequencies of alleles
or genotypes of the Tagl variant between caries-free and
caries-affected children or those with different levels of
dental caries experience. These findings are in disagree-
ment with results published by Hu et al. [2015], who sug-
gested that the “t” allele and “Tt” genotype might be risk
factors of susceptibility to dental caries in adults from the
northwest of China. Further, the VDR Tagl “tt” genotype
was very recently reported to increase the risk of caries in
Turkish children [Cogulu et al., 2016]. In contrast to Eu-

VDR Polymorphism in Caries

ropean (Czech) subjects, where the frequency of “T” ver-
sus “t” alleles was 61 versus 39% in healthy children, in
the Chinese population the “T” allele was the dominant
allele, with a frequency of 95.7%, and no “tt” homozy-
gotes were observed in a group of 483 adult people [Hu et
al,, 2015]. In a small group of 38 caries-free children aged
6-12 years from Turkey, the frequency of “T” versus “t”
alleles was 58 versus 42%, and the authors associated only
the “tt” genotype with high caries risk [Cogulu et al.,
2016]. In contrast to our study, their children had mixed
(not only permanent) dentition; there are some findings
that genes affecting susceptibility to caries can differ be-
tween the 2 types of teeth [Wang et al., 2010; Borilova
Linhartova et al., 2016]. The differences in the association
of the VDR Tagl polymorphism with caries between
studies can be considered in relation to the methodologi-
cal approaches applied, sample size, and ethnic back-
ground. Firstly, both previous studies used a method
based on PCR for the determination of this VDR variant,

Caries Res 2017;51:7-11 9
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with following Tagl restriction enzyme analysis. In con-
trast, our data were obtained by the TagMan technique,
which is considered to be more accurate. Secondly, a sam-
ple size is critical for case-control studies. Cogulu et al.
[2016] examined 350 children aged 6-12 years, but a final
association between the VDR Tagl polymorphism and
caries was found only in a group of 150 children (75 boys
and 75 girls) with similar dental plaque scores, hygiene
habits, and sugar consumption, which was further divid-
ed into 3 small subgroups of caries-free, moderate, and
high caries (n = 38, 57, and 55, respectively). However, we
analyzed the study population of 388 unrelated children
at the age of 13-15 years, which was more than twice the
size of the Turkish study [Cogulu et al., 2016] and only a
little smaller than the first study by Hu et al. [2015].
Thirdly, different genetic backgrounds due to different
ethnicity (Asians vs. Caucasians) in the 3 studies could be
a cause of heterogeneity of the results. Apart from the eth-
nic variations, geographical differences and the interac-
tion between VDR gene variants and environmental con-
ditions may also differ between populations [Papadopou-
lou et al., 2015].

The aim of the third experiment was to assess the VDR
Taql polymorphism in groups according to gingival
health status. We found that the “T” allele and “TT” gen-
otype were associated with an increased risk of gingivitis.
Our results are in agreement with previous findings sug-
gesting that the “TT” genotype and the presence of the
“T™ allele were associated with chronic periodontal dis-
ease in Japanese, Chinese, and Caucasian subjects [Mar-
telli et al., 2014] and also with aggressive periodontal dis-
ease [Martelli et al., 2011]. In addition, a meta-analysis of
15 studies including 1,338 cases and 1,302 controls sug-
gested a weak but significantly higher frequency of the
Taql “TT” genotype in chronic periodontitis [Deng et al.,
2011]. Functionally, the VDR “TT” genotype has been
correlated with lowerserumlevelsofvitamin 1,25(0OH), D5
[Morrison et al., 1994] and increased circulating reactive
proteins [Timms et al., 2002]; this may explain a higher
susceptibility to inflammation. In contrast, there are also
some studies that found an association between the car-
riage of the less frequent “t” allele and periodontitis [Sun
et al., 2002; Kaarthikeyan et al., 2013] or no differences in
the VDR Tagql polymorphism between healthy subjects
and patients with periodontal diseases [Chantarangsu et
al., 2016].

There are some limitations of this study that need to
be considered. The case-control approach used is vulner-
able to the population stratification, e.g., ethnic origin.
However, our children were exclusively of Czech Cauca-

10 Caries Res 2017;51:7-11
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sian origin living in a limited geographical region (Brno).
The next complicating factor is that we studied only 1
polymorphism of the VDR gene in multifactorial disease
(caries or gingivitis) where interactions of multiple genes
and environmental factors are assumed. Finally, we have
no information regarding the presence of Strepfococcus
mutans, a major bacterium connected with increased risk
of caries.

In summary, although the results of 2 previous studies
indicated that Tagql variants of the VDR gene might be as-
sociated with dental caries [Hu et al., 2015; Cogulu et al.,
2016], the findings of this study suggest that this poly-
morphism is likely to contribute to gingival status in the
Czech population. Nevertheless, further investigations
are needed to confirm this finding in larger populations
with different ethnic backgrounds.
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4. Periodontitis

Note: This chapter builds on my Dissertation thesis (Bofilova Linhartova, 2014).

Periodontitis has the effect loss of connective tissues, alveolar bone and eventually teeth.
There is strong evidence for an association between an peridontitis and diabetes mellitus
(DM). Between both diseases is a reciprocal relationship, which has been intensively studied.
In addition, the some risk factors for dental caries are either more or less prevalent in the
diabetic population (Novotna et al., 2015).

DM increases the risk for and severity of periodontitis, and periodontal diseases can
aggravate insulin resistance and affect glycemic control (Stanko and Izakovicova Holla,
2014). Apart from the systemic effects of DM, recent evidence suggests that local changes
in the periodontal tissues are characterized by enhanced interactions between leukocytes and
endothelial cells and altered leukocyte functions (Sonnenschein and Meyle, 2015). Increased
levels of ROS (Yan, 2014) and pro-inflammatory cytokines — lead to chronic low-grade
inflammation, change of cytokine spectrum, and activation of innate immunity (Odegaard
and Chawla, 2012).

The main aim of the our recent clinical study (Poskerova et al., 2018, Attachment 11) was
to investigate the state of periodontium in Czech diabetic patients. Three groups of subjects:
TIDM and T2DM npatients, and subjects without DM (controls) were compared. The
subjects underwent clinical and radiological examination during years 2010-2015 and
7 selected periodontal bacteria (Aggregatibacter actinomycetemcomitans, Porphyromonas
gingivalis, Tannarella forsythia, Treponema denticola, Parvimonas micra, Prevotella
intermedia, Fusobacterium nucleatum) were analyzed in their subgingival plaque by a DNA
microarray detection kit in external laboratory (Stomagene, Ceské Bud&jovice, Czech
Republic).

The study comprised a total of 141 subjects (32 with TIDM, 51 with T2DM, 58 controls)
aged 35-65 years. The state of teeth and periodontium in diabetic (mainly T2DM) patients
was worse than in controls. This finding was confirmed for plaque index (PI) and GI, number
of extracted teeth, the presence of teeth replacement and other parameters evaluating the
presence and severity of periodontitis (P<0.05, see Fig. 12). Patients with T2DM and diabetic
nephropathy had worse state of the periodontium; this finding was not proven in patients

with insufficiently controlled diabetes or the disease duration (P<0.05).
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Fig. 12. Comparison of the prevalence and severity of periodontitis in diabetic patients and
in the controls (Poskerova et al., 2018).

NP=non-periodontitis, P1/2/3=mild/moderate/severe periodontitis

The differences in the representation of periodontal bacteria and their quantity among the
groups were minimal, only P. micra and F. nucleatum occurred more often in subgingival

plaque from diabetics than from controls ((P<0.05 and P<0.01, respectively, see Fig. 13).
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Fig. 13. Comparison of subgingival microflora in diabetic patients and in controls
(Poskerova et al., 2018).

AAC=Aggregatibacter  actinomycetemcomitans, = PG=Porphyromonas  gingivalis,
TN=Tannarella  forsythia, TD=Treponema denticola, PM=Parvimonas micra,

PI=Prevotella intermedia, FN=Fusobacterium nucleatum
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In conclusion, diabetic patients suffered more often by inflammatory periodontal diseases
and other diseases of the oral cavity than controls. The relationship between DM and oral
tissue diseases were summarized in our recent review (Poskerova et al.,, 2019,

Attachment 12).

Besides environmental factors of stress, smoking, obesity etc., plays the role genetic
predispositions in the etiopathogenesis of both diseases. Candidate genes for periodontitis
are these encoding immunoregulatory factors, especially cytokines (Fig. 14). Overview by
Heidari et al. (2019) contains findings of studies dealing with immunomodulatory factors
gene polymorphisms in CP. In the etiopathogenesis of TIDM and/or T2DM play a role
among others IL-1, IL-8 and IL-17 (Dakovic et al., 2013; Liu et al., 2017; Abdel-Moneim
et al., 2018).

* BACTERIAL CHALLENGE

CYTOKINE RESPONSE
INNATE IMMUNITY ADAPTIVE IMMUNITY

CHARACTERISTIC TNF-a, IL-1, IL-6 IFN-y IL-17 IL-10, TGF-B
CYTOKINES IL-8
PROTECTIVE No literature Anti-osteoclastogenic No literature evidences Anti-osteoclastogenic
FEATURES evidence IFN-y in vitro Th1/Th2 inhibition (?) IL-4 and IL-10 - in vivo & in vitro
DESTRUCTIVE Pro-inflammatory Pro-inflammatory  Pro-inflammatory  B-cell lesion hypothesis  No literature
FEATURES RANKL inducers Thi cells: RANKL+  Th7 cells: RANKL+ B cells: RANKL+ evidence

& RANKL inducers

Fig. 14. Cytokines and periodontal disease — sligthly modified (Silva et al., 2015).
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4.1 Comment to the article ”Interleukin-1 gene variability and plasma levels

in Czech patients with chronic periodontitis and diabetes mellitus”

Borilova Linhartova P, Poskerova H, Tomandlova M, Bartova J, Kankova K,
Fassmann A, Izakovicova Holla L. Interleukin-1 gene variability and plasma levels in
Czech patients with chronic periodontitis and diabetes mellitus. Int J Dent.
2019;2019:6802349. DOI: 10.1155/2019/6802349.

Author contribution: P.B.L. designed the study, drafted the paper, and carried out the genetic

analysis.

The current study was based on our pilot work dealing with polymorphisms in selected
cytokines, specifically in the /L-/ gene cluster and the /L-6 gene, in patients with CP
with/without DM and in healthy subjects (Bofilova Linhartova et al., 2015, Attachment 13).
The first aim of this study was to investigate two SNPs and one VNTR polymorphism in the
IL-1 gene cluster in CP patients, diabetic patients of both types (T1DM and T2DM), and
non-periodontitis systemically healthy controls (HC) in the Czech population. The second
objective was to compare the subset of diabetic patients with CP and generally healthy
patients with/without CP or diabetic patients according to their /L-/ haplotype profile.
Finally, assuming higher circulating IL-1p levels in diabetic patients with CP than in
nondiabetic patients with CP, the plasma levels in these groups of patients and their
correlation to polymorphisms in the /L-/ gene cluster were analyzed. In addition, we
examined the IL-1B levels in mononuclear cells of generally healthy subjects after
stimulation by oral pathogens, mitogens, or heat shock protein 70 (HSP70).

A total of 1016 individuals participated in this case-control study. DNA from 264 patients
with CP, 132 with TIDM, 395 patients with T2DM, and 225 non-periodontitis HC were
genotyped using methods based on PCR techniques for /L-/ gene polymorphisms (/L-14
rs1800587, IL-1B rs1143634, and IL-1RN 86 bp tandem repeats in intron 2). The levels of
IL-1B were measured using Luminex methods in subgroups of CP, TIDM+CP, and T2DM
CP subjects, and HC. Isolation, cultivation and stimulation of peripheral blood mononuclear
cells (PBMCs) by selected periodontal bacteria (4. actinomycetemcomitans, P. gingivalis,
P. intermedia, and T. forsythia), mitogens, or HSP70 were described in our previous study
(Bartova et al., 2014).

Although no significant associations were found in the genotype and allele frequencies of
IL-14 rs1800587 (P>0.05), the IL-1B rs1143634 T allele was less frequent in CP patients
than in the non-periodontitis HC (P<0.05, OR=0.70, 95%CI=0.52-0.94). In T1DM patients,
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the IL-1RN'S “short” allele and the /L-1RN 12 genotype were significantly less frequent than
those in the non-periodontitis HC (P<0.01, OR=0.64, 95%CI=0.44-0.92, and P<0.01,
OR=0.46, 95%CI=0.28-0.76, respectively). In haplotype analysis, the /L-1 gene cluster TTL
haplotype decreased the risk of CP development (P<0.01, OR=0.64, 95%CI=0.47-0.88),
whereas CCS and CTL haplotypes were associated with T1IDM (P<0.01, OR=0.58,
95%CI1=0.39-0.87, and P<0.05, OR=1.98, 95%CI=1.01-3.87, respectively).

No significant differences in IL-1f3 plasma levels in diabetic patients and the HC with similar
periodontal conditions were found (P>0.05), /L-I genotypes did not correlate with
circulating IL-1B levels (P>0.05). Highly significant differences were observed in IL-1f
levels between unstimulated PBMCs and cells after stimulation by Pokeweed mitogen
(PWM), PWM in costimulation by Concavalin A (Con A), selected periodontal bacteria
(4. actinomycetemcomitans, P. intermedia, and T. forsythia) (all P<0.001), or HSP70
(P<0.05).

To our knowledge, this is the first study comparing IL-1p plasma levels in T2DM patients
with CP and nondiabetic patients with CP. Although we assumed significant higher
concentrations of this cytokine in all diabetic patients than in generally healthy patients with
similar periodontal conditions, only a slightly elevated IL-1B levels were found in
T1DM+CP or T2DM+CP patients compared with the CP subjects (median 3.26 pgmL™' or
3.87 pgmL! vs. 2.57 pgmL™).

In the Czech population, significant associations between the /L-1B polymorphism with CP
and the /L-/RN variant with T1DM were found. Haplotype analysis suggests that variability
in the /L-1 gene cluster may be one of the factors in the CP and T1DM pathogenesis,

although single variants of these polymorphisms are not substantial for protein production.
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Recent studies have suggested a bidirectional relationship between chronic periodontitis (CP) and diabetes mellitus (DM).
Immunoregulatory factors such as cytokines play an important role in etiopathogenesis of both diseases. The aim of this study was
to analyze variability in interleukin-1 (IL-1) gene cluster and IL-1§ plasma levels in patients with CP, DM, and a combination of
both diseases. A total of 1016 individuals participating in this case-control study—225 healthy controls, 264 patients with CP, 132
with type 1 diabetes (T1DM), and 395 patients with type 2 diabetes (T2DM )—were genotyped using methods based on polymerase
chain reaction for IL-1 gene polymorphisms (IL-1A (-889C/T, rs1800587), IL-1B (+3953C/T, rs1143634), and IL-1RN (gene for
IL-1 receptor antagonist, IL-1RA, 86 bp tandem repeats in intron 2)). Levels of IL-1f were measured by Luminex methods in
subgroups of controls, CP, TIDM +CP, and T2DM + CP subjects. Although no significant associations were found in the
genotype and allele frequencies of IL-1A (—889C/T), significant differences in the allele frequencies of IL-1B (+3953C/T) were
observed between controls and CP patients (P < 0.05). In TIDM patients, IL-1RN"S “short” allele and IL-IRN 12 genotype were
significantly less frequent than those in controls (P <0.01). In haplotype analysis, TTL haplotype decreased the risk of CP
development (P < 0.01), whereas CCS and CTL haplotypes (P < 0.01 and P < 0.05) were associated with T1DM. Although IL-18
levels were measured significantly higher in mononuclear cells after stimulation by mitogens, HSP70, or selected periodontal
bacteria than in unstimulated cells, IL-1 genotypes did not correlate with circulating IL-1p levels. In the Czech population,
significant associations between the IL-1B polymorphism with CP and the IL-IRN variant with TIDM were found. Haplotype
analysis suggests that variability in IL-1 gene cluster may be one of the factors in the CP and T1DM pathogenesis, although single
variants of these polymorphisms are not substantial for protein production.

1. Introduction

Chronic periodontitis (CP), an inflammatory disease, which is
the result of a complex interplay of bacterial infection and
host responses, is characterized by the loss of connective
tissue attachment, slowly progressing alveolar bone de-
struction, and, ultimately, loss of teeth. Molecular patterns
(PAMPs) of anaerobic Gram-negative bacteria in the

subgingival biofilm, among others, such as Aggregatibacter
actinomycetemcomitans, Porphyromonas gingivalis, Prevotella
intermedia, and Tannerella forsythia [1], are recognized by
phagocytes. Macrophages produce proinflammatory cyto-
kines such as interleukin-18 (IL-18) and tumor necrosis
factor-a (TNF-a), thus enhancing an immune response [2].
Elevation of these signal molecules in plasma/serum may lead
to alterations in lipid metabolism and cause hyperlipidemia
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[3]. In addition, in patients with diabetes mellitus (DM),
periodontitis also adversely affects glycemic control [4].

DM results from insufficient insulin action (either ab-
solute or relative). This most common metabolic disease is
characterized by various degrees of chronic hyperglycemia,
which together with an increased availability of free fatty
acids is responsible for glucotoxicity and lipotoxicity in
diabetes [5]. Apart from the systemic effects of diabetes,
recent evidence suggests that local changes in the peri-
odontal tissues are characterized by enhanced interactions
between leukocytes and endothelial cells and altered leu-
kocyte functions [6]. Increased levels of reactive oxygen
species [7] and proinflammatory cytokines (IL-18, IL-6, and
TNF-a) lead to chronic low-grade inflammation, change of
cytokine spectrum, and activation of innate immunity; al-
terations are present in both 1 and type 2 diabetes
mellitus (TIDM and T2DM, respectively) [8]. A meta-
analysis by Chévarry et al. [9] identified T2DM as a mod-
erate risk factor for CP, the effect of TIDM being less clear. It
is probable that there is individual patient variability in the
degree to which glycemic control influences periodontal
status [10], and vice versa, periodontitis can contribute to the
development of other diabetic complications, such as ne-
phropathy (DN), retinopathy (DR), and neuropathy (DPN)
[4].

IL-1a and IL-1p are produced during inflammation and
induce production of many other cytokines, amplifying their
proinflammatory action. They must be tightly controlled by
endogenous inhibitors, such as IL-1 receptor antagonist (IL-
IRA) and soluble IL-1 receptors, to prevent an acute and
chronic overproduction of proinflammatory cytokines [11].
Polymorphisms in the IL-I cluster genes are located on
chromosome 2q12 [12] and are composed of three ligands
(IL-1A, IL-1B, and IL-IRN). To this date, only a few studies
have focused on variability in the IL-1 genes in diabetic
patients with CP [13-17].

The first aim of this study was to investigate two single-
nucleotide polymorphisms (SNPs) and one VNTR poly-
morphism in the IL-1 gene cluster (IL-1A (-889C/T,
rs1800587), IL-1B (+3953C/T, rs1143634), and IL-IRN
(gene for IL-1 receptor antagonist, IL-1RA, 86bp tandem
repeats in intron 2)) in CP patients, diabetic patients of both
types (T1IDM and T2DM), and healthy controls in the Czech
population. The second objective was to compare the subset
of diabetic patients with CP and generally healthy patients
without/with CP or diabetic patients according to their IL-1
haplotype profile. Finally, assuming higher circulating IL-18
levels in diabetic patients with CP than in nondiabetic pa-
tients with CP, we, as the third aim, analyzed plasma levels in
these groups of patients and their correlation to poly-
morphisms in the IL-1 gene cluster. In addition, we ex-
amined IL-18 levels in mononuclear cells of generally
healthy subjects after stimulation by oral pathogens, mito-
gens, or heat shock protein 70 (HSP70).

2. Materials and Methods

The study was performed with the approval of the Com-
mittees for Ethics of the Faculty of Medicine, Masaryk
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University, Brno (No. 13/2013), and St. Anne’s Faculty
Hospital. Written informed consent was obtained from all
participants in line with the Declaration of Helsinki before
inclusion in the study.

2.1. Subjects and Clinical Examinations. The cross-sectional
study comprised a total of 1016 individuals, including 527
unrelated Caucasian subjects from the South Moravia region
of the Czech Republic, with DM duration of at least 3 years.
The diagnosis of TIDM (132 patients) or T2DM (395 pa-
tients) was originally based on the presence of clinical
symptoms (such as polyuria, polydipsia, and weight loss)
and biochemical parameters (glycemia, ketoacidosis, and
autoantibody status in TIDM) in the outpatient unit of the
diabetology centers in Brno. All patients were receiving
antidiabetic drugs or insulin therapy and other medicaments
according to the presence of diabetic complications, such as
DN, DR, and DPN, and other comorbidities, as described in
our cohort previously [18]. Levels of glycemia, glycated
hemoglobin (HbAIc), total cholesterol, triglycerides, high-
density lipoprotein (HDL), low-density lipoprotein (LDL),
body mass index (BMI), and further parameters were
recorded.

The periodontal status was evaluated in subgroups of the
diabetic patients (38 TIDM and 89 T2DM patients), 225
healthy controls and 264 CP subjects recruited from the
patient pool of the Clinic of Stomatology, St. Anne’s Faculty
Hospital, Brno, in the period of 2013-2017. The diagnosis of
periodontitis/nonperiodontitis was based on the detailed
clinical examination, medical and dental history, tooth
mobility, and radiographic assessment [19]; the exclusion
criteria for the studied cohort were described in our previous
study [20].

2.2. Genetic Analysis. Genomic DNA was isolated from
peripheral blood by a standard protocol and archived in the
DNA bank at the Department of Pathophysiology, Faculty of
Medicine, Masaryk University, Brno, Czech Republic.
Polymorphisms IL-IA (-889C/T, rs1800587) and IL-1B
(+3953C/T, rs1143634) were genotyped by polymerase chain
reaction, with restriction analysis (PCR-RFLP) according to
protocols published previously [21, 22]. The VNTR PCR
method was used for the detection of 86 bp tandem repeats
number in the second intron of the IL-IRN gene [23]. IL-
IRN alleles were coded as IL-IRN"1 (4 repeats, 412bp), IL-
IRN"2 (2 repeats, 240 bp), IL-1RN"3 (3 repeats, 326 bp), IL-
IRN"4 (5 repeats, 498 bp), IL-IRN"5 (6 repeats, 584 bp), and
IL-IRN"6 allele (1 repeat, 154 bp). Details and modifications
of PCR conditions were published in our previous study by
Izakovicova Holla et al. [24].

2.3. Plasma Level Analysis. Levels of IL-1§ in plasma were
measured in 60 randomly selected subjects (20 CP, 20
T1DM + CP, and 20 T2DM + CP patients) at the Department
of Biochemistry, Faculty of Medicine, Masaryk University,
Brno. Plasma samples were prepared from venous blood,
collected into a tube with EDTA (S-Monovette® 9 mL K3E,
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Sarstedt, Germany) by centrifugation (465g/10 minutes/
4°C), and stored at —=70°C within 30 minutes after collection.
For the determination of cytokine concentrations, Cytokine
Human 10-Plex Panel for Luminex® Platform (Invitrogen™,
California, USA), Luminex 200™ analyzer with xPONENT
3.1 Software (Luminex Corporation, USA), and Milliplex™
Analyst v 3.4 Software (VigeneTech, USA) were used.

In addition, examination of IL-1 levels in unstimulated
and stimulated cells of 60 generally healthy subjects was
performed in the laboratory of the Institute of Clinical and
Experimental Dental Medicine, General University Hospital,
and First Faculty of Medicine, Charles University, Prague.
Isolation, cultivation, and stimulation of cells by selected
periodontal bacteria (A. actinomycetemcomitans, P. gingi-
valis, P. intermedia, and T. forsythia), mitogens, or HSP70
were described previously [25]. IL-1p levels were determined
in mononuclear cells isolated from 20ml of heparinized
blood using Fluorokine® MAP Human MultiAnalyte Pro-
filing Base Kit, Luminex® 100™ analyzer, and Luminex 100
IS™ Software (R&D Systems, USA).

2.4. Statistical Analysis. Statistical analysis was performed
using the statistical package Statistica v. 13 (StatSoft Inc,,
USA). Standard descriptive statistics were applied in the
analysis: absolute and relative frequencies for categorical
variables, and mean with standard deviation (SD) or median
with quartiles for quantitative variables. To compare in-
dependent groups, one-way analysis of variance (ANOVA)
and the Kruskal-Wallis ANOVA were performed to com-
pare continuous variables. For exclusion of outlier values
(TL-1p plasma levels), Grubb’s test was used (P < 0.05). The
allele frequencies were calculated from the observed num-
bers of genotypes. The differences in the allele frequencies
were tested by Fisher's exact test; the Hardy-Weinberg
equilibrium (HWE) and genotype frequencies were calcu-
lated by the chi-square test (y°). To examine the linkage
disequilibrium (LD) between polymorphisms, pairwise LD
coefficients (D") and haplotype frequencies were calculated
using the SNP Analyzer 2 program (http://snp.istech.info/
istech/board/login_form.jsp). The association was described
by odds ratios (OR) with 95% confidence intervals (95%CI).
Only the values of P less than 0.05 were considered as
statistically significant.

3. Results

3.1. Clinical Data Analysis. The mean ages of the healthy
controls and patient with CP did not differ significantly
(P> 0.05); however, patients with TIDM were significantly
younger (P <0.05), and in contrast, patients with T2DM
were significantly older than those in healthy controls
(P < 0.01). There were no significant differences between the
subjects with TIDM/T2DM and/or CP and the controls
relating to the male/female ratio. The BMI values were the
highest in the groups of T2DM and T2DM + CP, which
differed statistically significantly from other groups
(P <0.05). All TIDM (N = 38) and T2DM (N = 89) patients
who were examined at the Department of Periodontology

were affected by periodontitis. The duration of DM in the
patients with TIDM was approximately double than that of
DM in T2DM patients. Slightly lower HbAlc levels in
groups of patients with TIDM+CP and T2DM +CP
compared with the group of all DM patients can be given by
a higher interest of these patients in their health condition
(only these patients accepted the offer to be examined by
periodontist). The frequencies of diabetic complications
(DN, DR, and DPN) in the whole diabetic cohort vs. the
subgroup of TIDM or T2DM patients with CP are sum-
marized in Table 1.

3.2. SNPs Analysis. The frequencies of IL-1 genotypes were in
HWE in the control subjects (P > 0.05, see Table 2). IL-IRN"5
allele (6 repeats, 584 bp) was not detected in our sample. For
calculation of allele frequencies and haplotype analysis, alleles
with more than two repeat units in the IL-IRN gene were
grouped together as IL-IRN"L (“long” allele) and allele with 2
repeats was marked as JL-IRN"S (“short” allele) [26]. As IL-
IRN"6 allele (with 1 repeat, 154 bp) found in one CP subject
cannot be considered as typical “short” allele, this sample was
excluded from both these analyses.

None association between IL-1A (-889C/T) SNP or a so-
called “double genotype” (IL-1A (-889C/T)/IL-1B (+3953C/
T)) and CP and/or DM was found, but the IL-1B*T al-
lele (+3953C/T) was less frequent in CP patients than in
healthy controls (21.4% vs. 28.0%, P < 0.05, OR =0.70, 95%
CI=0.52-0.94). Significant differences were found in the IL-
IRN"S allele frequencies and also in IL-IRN"12 (vs. IL-
IRN"11) genotype frequencies between TIDM patients and
healthy controls (P <0.01, OR=0.64, 95%CI= 0.44-0.92
and P <0.01, OR=0.46, 95%CI = 0.28-0.76). Comparison of
the allele frequencies of IL-IRN in patients with TIDM vs.
T2DM showed a significant difference between these groups
(P <0.05).

3.3. Haplotype Analysis. Combination of multiple SNPs sites
showed eight IL-1 haplotypes with frequency more than 1%
(see Table 3). Pairwise linkage disequilibrium (LD) for all
possible 2-way comparisons among 3 polymorphisms in the
IL-1 gene cluster in CP, TIDM, T2DM, and control groups
was measured by Lewontin standardized disequilibrium
coefficient (|D’|, data not presented).

The distribution of these haplotype frequencies between
controls and patient groups showed significant differences.
Haplotype T[IL-1A(-889C/T)]/T[IL-1B (+3953C/T)]/L[IL-
IRN] was associated with lower risks for CP (P <0.01,
OR=0.64, 95% CI=0.47-0.88), similar to haplotype CCS
(P <0.01, OR=0.58, 95% CI=0.39-0.87) with TIDM. On
the contrary, CTL haplotype (P<0.05, OR=1.98, 95%
CI=1.01-3.87) was found in a higher frequency in TIDM
patients vs. healthy subjects.

3.4. IL-1B Plasma Level Analysis. No significant differences
in IL-1f plasma levels in diabetic patients and generally
healthy subjects with similar periodontal conditions were
found (see Figure 1). In twenty examined patients (nine CP,

94



International Journal of Dentistry

TasLE 1: Demographic data of the studied subjects with CP, TIDM (and T1IDM + CP subgroup), T2DM (and T2DM + CP subgroup), and

healthy controls.
Characteristics Controls CP TIDM TIDM + CP T2DM T2DM + CP
(N = 225) (N = 264) (N =132) (N = 38) (N = 395) (N = 89)
Age (mean years + SD) 53.9+11.0 56.1 £8.2 45.8+14.27 4944109 67.5+10.6" 67.3+10.0"
Gender (males/females) 114/111 122/142 68/64 16/22 200/195 45/44
Smoking (no/yes, %) 72.9/27.1 71.6/28.4 — 76.3/23.7 — 87.7/12.3
BMI (mean +SD) 23.2+46 268140 245+6.1 253+3.1 28.6+10.07 303+6.27
Duration of DM (mem na. na. 215498 240107 15188 11.0+87
years + SD)
HbAlc (mmol/mol, mean + SD) na. na. 771£17.3 698+11.8 72.6+239 58.0+15.6
DN (no/yes, %) na. na. 43.6/56.4 71.0/29.0 7.6/924 80.2/19.8
DR (no/yes, %) n.a. n.a. 24.7/75.3 40.6/59.4 52.9/47.1 92.4/7.6
DPN (no/yes, %) n.a. n.a. 36.7/63.3 47.1/52.9 49.3/50.7 84.4/15.6

CP = chronic periodontitis; N = number of subjects; SD = standard deviation; T1 DM = type 1 diabetes mellitus; T2DM = type 2 diabetes mellitus; BMI = body
mass index; DN = diabetic nephropathy; DPN = diabetic peripheral neuropathy; DR = diabetic retinopathy; HbA 1c = glycated hemoglobin; —= unknown in
diabetic patients without CP; n.a. = nonapplicable. *P <0.05 in comparison to healthy controls (evaluated by the Kruskal-Wallis ANOVA test).

five TIDM + CP, and six T2DM + CP), IL-1f plasma levels
were under the detection limit (<2.58 pg/mL); for these
samples, a value of 2.57 pg/mL was assigned for the statistical
analyses. IL-18 plasma levels in the whole studied set
(N = 60) were independent of the IL-1B or IL-IRN geno-
types distribution (see Table 4); this result was also con-
firmed by the analysis of IL-1§ levels in peripheral blood
mononuclear cells (PBMCs) in generally healthy population
(data not shown). However, high significant differences were
observed in IL-18 levels between unstimulated PBMCs and
cells after stimulation by Pokeweed mitogen (PWM), PWM
in costimulation by Concavalin A (Con A), selected peri-
odontal bacteria (A. actinomycetemcomitans, P. intermedia,
and T. forsythia) (all P <0.001), or HSP70 (P <0.02, see
Table 5).

4. Discussion

Diabetes and periodontitis are complex diseases with a bi-
directional relationship [27]. Despite long-established evi-
dence that hyperglycemia in diabetes is associated with
adverse periodontal outcomes, the mechanism between
these two states is not fully understood yet [10, 28]. Chronic
inflammation, a common feature in the pathogenesis of both
CP and DM, is related to the accumulation of activated
innate immune cells in tissues, which results in the release of
inflammatory mediators, such as IL-1 family cytokines. In
this case-control study, we analyzed variability in the IL-1
gene cluster and IL-1f plasma levels in patients with CP
with/without diabetes in comparison to healthy controls.
Minor allele frequency (MAF) of IL-14 (-889C/T) found in
our healthy controls was 31%, which is in line with the IL-
IA™T allele frequency according to NCBI database (28%)
(http://www.ncbi.nlm.nih.gov/projects/SNP/snp_ref.cgi?rs=
1800587), whereas in healthy European subjects, higher
MAF was reported (37% [29]; 56%) [30]. The MAF of IL-1B
(+3953C/T, rs1143634) in the Czech population (28%) was
similar as IL-1B'T allele frequency in healthy European
subjects (from 24% to 29%) [29-32], whereas the NCBI
database provides MAF of only 13% (http://www.ncbi.nlm.
nih.gov/projects/SNP/snp_ref.cgi?rs=1143634). IL-IRN"S

allele in European population varies from 21% to 31%
[33-36], which is consistent with that in our observation
(27%).

4.1. Chronic Periodontitis. In the context of CP, variability in
the IL-1 gene cluster has been investigated many times with
conflicting results. To our knowledge, no study has exam-
ined the relationship between specific allele combinations of
these three IL-1 gene variants (IL-1A (-889C/T), IL-1B
(+3953C/T), and IL-IRN (VNTR)) and periodontal diseases.
In our population, haplotype TTL seems to be protective
against the development of CP and the IL-1B"T allele is of
the same importance. This observation supports our pre-
viously detected association between IL-1B"C allele and a
higher risk for CP [37]. Nevertheless, da Silva et al. [38] came
to opposite conclusions in their meta-analysis including 54
studies in different populations, which associated T allele in
Caucasian carriers with a 1.25-time higher risk of developing
CP than C allele carriers. In addition, no association between
IL-1A (-889C/T) polymorphism and CP in the Czech
population was found; this is in contrast to a recent meta-
analysis by da Silva et al. [39]. In line with a meta-analysis by
Ding et al. [40], we found no differences in allele or genotype
frequencies in IL-IRN variants between CP patients and
healthy controls.

We suggest that these discrepancies can be caused not
only by population differences in allele frequencies but also
by an interaction effect of IL-1 genes variants. According to
Morris and Kaplan [41], haplotype-based analysis can be
more useful than an analysis based on individual poly-
morphisms in complex multifactorial diseases, as confirmed
by our results.

Screening of SNPs and genome-wide studies has yielded
new genetic information without a definitive solution for the
management of periodontal disease [42]. However, SNP
variations are no longer sufficient for establishing a re-
lationship with periodontal disease. From this reason, the
analyses of differential gene expression, performed using
high-throughput experimental methods, such as microarray
analysis, should be used in the future research [43]. Thus, the
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TaBLE 3: Estimated frequencies (%) of IL-1 haplotypes in patients with CP, TIDM (and T1DM + CP subgroup), T2DM (and T2DM + CP

subgroup), and healthy controls.

IL-1A IL-1B IL-IRN Controls cp TIDM TIDM + CP T2DM T2DM +CP
(-889C/T)  (+3953C/T) (VNTR)®* (N=1225) (N=264) (N =132) (N = 38) (N = 395) (N = 89)
C C L 43.14 48.66 47.47 46.60 46.14 4937

C C S 21.64 21.50 14.037 17.39 18.11 17.86

T T L 21.35 13.35" 15.62 18.03 17.42 19.06

T C L 499 5.83 9.40 33 6.77 3.65

C T L 319 3.65 8.20" 8.38 512 2.65

T T S 223 253 2.70 3.85 279 216

T C S 2.10 3.76 2.59 244 2.65 435

C T S 1.36 0.73 — — 1.02 0.91

CP = chronic periodontitis; TIDM = type 1 diabetes mellitus; T2DM = type 2 diabetes mellitus. *For haplotype analysis, alleles with more than two repeat units
were grouped together as IL-IRN"L ("long” allele) and 2 repeat units were marked as IL-IRN"S (“short” allele). Haplotypes are ordered according to
decreasing haplotype frequency in the healthy control subjects. * P < 0.05 in comparison to healthy controls (without correction for multiple comparisons).

1L-1p plasma levels (pg/mL)

cp TIDM + CP T2DM + CP
257 (2.57-4.47) 3.26 (2.57-5.10) 3.87 (2.57-13.10)
Median (IQR)

O IQR median T max

Figure 1: Comparison of IL-1f plasma levels in patients with CP
(N =20), TIDM+CP (N=20), and T2DM+CP (N = 20).
CP=chronic periodontitis, TIDM =type 1 diabetes mellitus,
T2DM = type 2 diabetes mellitus. For samples with values of IL-18
under detection limit (<2.58 pg/mL) were assigned a value of
2.57 pg/mL. For exclusion of outlier values, three CP and one
TIDM + CP samples were used in Grubb’s test (P < 0.05). The
Mann-Whitney U test (two-tail) was used to calculate significant
differences.

genetic basis of periodontal disease is moving from exper-
imental evidence to a more consistent translation effect on
diagnosis and development of new strategies to modulate the
host [42].

4.2. TIDM. In our study, a significant association between
“short” variant in intron 2 of the IL-IRN gene and lower risk
of developing TIDM was observed (P < 0.01). Our findings
are in line with the study in Egyptian population, where this
minor allele and IL- IRN SS genotype were also less prevalent
in patients with TIDM than in healthy controls [44]. On the
other hand, in the recent study by Ali et al. [45], IL-IRN"S
allele and IL-1RN 12 genotype were present more frequently
in the Saudi children with TIDM than healthy controls. IL-
IRN'S allele was previously associated with increased

TaBLE 4: [L-1§ plasma levels and polymorphisms in IL-1B and IL-
IRN genes.

IL-18 levels

Genotypes ‘t::rgzr O:OF;S (pg/mL), median
(IQR)

IL-1B (+3953C/T)

CcC 31 (51.7) 3.26 (2.57-5.43)
CT 26 (43.3) 3.26 (2.57-10.59)
TT 3 (5.0) 2.69 (2.57-9.88)
IL-IRN (VNTR)®

LL 37 (61.7) 3.26 (2.57-10.24)
LS 17 (28.3) 3.85 (2.57-9.35)
SS 5(8.3) 3.26 (2.63-6.79)

IQR = interquartile range. *Alleles with more than two repeat units were
grouped together as IL-1RN°L (“long” allele) and 2repeat units were
marked as IL-IRN*S (“short™ allele); genotypes are known only in 59
subjects. The Kruskal-Wallis ANOVA test was used to calculate significant
differences.

production of IL-18 [46] and IL-1RA, and also with reduced
production of IL-la by normal monocytes [47]. Thus, not
only environmental factors as reported by Cullup et al. [48]
but also variability in a number of 86 bp tandem repeats in
intron 2 of the IL-1RN gene may be related to an imbalance
between IL-1 anti- and proinflammatory protein levels.

In correlation to IL-1 gene polymorphism, Krikovszky
et al. [49] described the IL-I1B"T allele as risk in Hungarian
children with TIDM. Although no significant relationships
between IL-1A (—889C/T) or IL-1B (+3953C/T) variants and
TIDM in Czech patients were found, the IL-1B"T allele in
combination with IL-IA*C and IL-IRN'L alleles was as-
sociated with an increased risk of TIDM.

Our results suggest that variability in the IL-1 gene cluster,
especially in the gene for IL-1RA, may be one of the factors in
the pathogenesis of TIDM in Czech patients. This conclusion
is supported by results from the haplotype analysis as the
opposing haplotypes in IL-1 CCS vs. CTL were significantly
associated with lower vs. higher risk of TIDM.

As we supposed, variability in the IL-1 gene cluster may
play an important role in the pathogenesis of both diseases,
and frequencies of the three most represented haplotypes
(CCL, CCS, and TTL) in the TIDM + CP subjects seem to be
intermediate between frequencies of CP and TIDM patients.
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TasLE 5: Differences in IL-1§ levels between unstimulated and
stimulated PBMCs (N = 60).

IL-18 levels (pg/mL), P
i median (IQR) value
Stimulated by
PWM 481.97 (100.89-938.66) <0.001
PWM + ConA 533.30 (141.45-950.37) <0.001
HSP70 95.28 (23.36-371.60) 0.02
A. actinomycetemcomitans 483.93 (162.48-890.50) <0.001
P. ginglwllfs 27.88 (6.47-118.14) 0.4
P. intermedia 249.38 (57.83-441.80) <0.001
Y B forsymia 201.08 (44.39-583.32) <0.001
Unstimulated 52.55 (14.90-153.54) —

CI = confidence interval; ConA=Concavalin A; HSP 70=heat shock
protein 70; OR = odds ratio; PBMCs = peripheral blood mononuclear cells;
PWM = Pokeweed mitogen. The Wilcoxon matched pair test was used to
calculate the significant difference.

Although a similar prevalence of CTL haplotype was found
in the TIDM + CP subgroup and TIDM group, there was no
statistical significance due to a low number of the examined
type 1 diabetic patients with CP (N = 38).

4.3. T2DM. No significant differences in IL-1A, IL-1B, or IL-
IRN gene variability between healthy controls and T2DM
Czech patients with/without CP were found. Independently
of periodontal status, Luotola et al. [50] suggested gender-
specific associations between IL-I1A (-899C/T) and IL-IB
(+3953C/T) gene variants and a higher risk of T2DM, es-
pecially in men. Previously, the same authors described a
relationship between IL-1B"T allele (+3953C/T) and higher
blood glucose levels in Finnish patients with DM [51]. In
Malayalam-speaking Dravidian population, differences in
IL-1B"T allele and IL-1B TT genotype distribution between
T2DM +CP (N = 51) and CP patients were found [16]. IL-
IRN"S allele and IL-IRN SS genotype were also associated
with risk of developing T2DM in the Indian population
[52, 53].

Our results correspond to observations in Chilean
population focused on the same polymorphism in the IL-I
gene cluster in T2DM and/or CP patients [15]. Deppe et al.
[17] in their recent study assumed that CP in T2DM patients
was most strongly associated with inadequate oral hygiene,
whereas variability in the IL-I genes and differences in oral
microbiota seemed to play a subordinate role. Furthermore,
Guzman et al. [13] found only a borderline association
between IL-IB (+3953C/T) SNP and the incidence of
periodontal disease in Caribbean diabetic population. Struch
et al. [14] reported that diabetic carriers of Tallele in “double
genotype” IL-1A/IL-1B had an enhanced risk for periodontal
disease in comparison with their IL-1 wild-type counter-
parts. Although the sample sizes in these three German
studies (N =66 [13] or 69 [l14] or 38 patients with
T2DM + CP [17]) are comparable with the size of our cohort
(N = 89), Czech T2DM patients were selected from ethni-
cally homogenous population, and in addition, other 306
T2DM patients with unknown periodontal status were
included.

Results of haplotype analysis showed an interesting
trend: the CCL, CCS, and TTL haplotype frequencies in the
diabetic patients with CP were the highest or the lowest
among CP, T2DM, and T2DM +CP patient groups. Al-
though the TTL haplotype was considered protective for the
development of CP in our population, frequency of this allele
combination in T2DM + CP patients was closer to the results
in healthy controls.

4.4. IL-1p Plasma Levels. 1L-1 levels in gingival crevicular
fluid (GCF) of patients with CP are significantly higher than
those in patients with gingivitis and periodontally healthy
individuals [54-56]. Therefore, elevated IL-18 GCF levels,
but not plasma levels, were suggested as reliable in-
flammatory biomarkers in periodontal diseases [57]. In
TIDM patients, increased levels of IL-18 in GCF were also
found [58], and according to Aspriello etal. [59], IL-18 levels
in TIDM patients with periodontitis are affected by the
duration of DM. Meta-analysis by Atich et al. [60] presented
significant differences in IL-18 GCF levels between T2DM
with CP patients and nondiabetic controls with the similar
periodontal conditions.

Only a few studies reported inconsistent results for IL-18
concentrations in plasma/serum in relation to periodontal
diseases or DM. Levels of circulating IL- 18 were elevated in
T1DM children than the control group [61, 62] and mRNA
levels of IL-1B in peripheral blood leukocytes were found
higher in T2DM patients than in healthy controls [63]. In
another study, Sapathy et al. [64] suggested that changes of
serum IL-1B levels were influenced by abdominal obesity
and periodontal status independently even in the absence of
DM and smoking.

In our study, the IL-18 plasma levels were under the
detection limit in nine of 20 patients with CP. However, low
values of this proinflammatory cytokine are not surprising
because these patients are in good general health. Previously,
Orozco et al. [54] also demonstrated zero concentration of
IL-1p in the serum samples of both periodontitis and gin-
givitis patients. Nevertheless, Giimiis et al. [65] calculated
median 11.7 pg/mL of serum IL-18 levels in their CP
population. The higher circulating levels of IL-18 in 55% of
Czech CP subjects may be the consequence of their smoking
status since other risk factors linked with the increase in
proinflammatory cytokines were minimized by strict criteria
for inclusion in the study.

To our knowledge, this is the first study comparing IL-1§
plasma levels in T2DM patients with CP and nondiabetic
patients with CP. Although we assumed significant higher
concentrations of this cytokine in all diabetic patients than in
generally healthy patients with similar periodontal condi-
tions, only a slightly elevated IL-18 levels were found in
TIDM + CP or T2DM + CP patients compared with the CP
subjects (median 3.26 pg/mL or 3.87 pg/mL vs. 2.57 pg/mL).

Furthermore, Santtila et al. [46] published that mono-
nuclear cells from noncarriers of IL-1B"T allele (+3953C/T)
had a slight, but nonsignificantly, elevated capacity to
produce IL-18 in vitro. Our results are in line with
this finding; the single variants of IL-IB or IL-IRN
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polymorphisms are not crucial in the protein production as
apparent from both analyses of levels in plasma or in
PBMCs. In our study, IL-1 levels in mononuclear cells of 60
generally healthy subjects after stimulation by periodontal
bacteria (except P. gingivalis), mitogens, or HSP70 were
examined. The obtained data confirmed our premise that
these stressors significantly affect the production of proin-
flammatory IL-1p.

The main limitation of this study is the fact that only
subgroups of diabetic patients with TIDM or T2DM were
checked for their periodontal status as the number of pa-
tients willing to be examined at the Periodontology De-
partment was low. On the other hand, the number of
T2DM + CP patients is still higher than in previous studies in
other populations. Besides the size of the overall study
cohort (N = 1016), a further positive aspect of this study isa
haplotype approach applied which presents a more complex
view on the variation in the IL-1 gene cluster. We assume
that the discrepancy between our results and that from
recent meta-analyses focusing on the relation between IL-1
polymorphisms and CP can be partly caused by the fact that
these meta-analyses studied only single variants in the IL-1A
[38] or IL-1B genes [39] and by publication “bias” when
negative results are not published.

5. Conclusions

In conclusion, results of the IL-1 gene cluster analysis
suggest that variability especially in the IL-1B and IL-IRN
genes may be one of the factors in the susceptibility to TIDM
and CP, although the single variants of these polymorphisms
are not crucial for the protein production. In addition, no
differences in IL- 1§ plasma levels were found between Czech
diabetic patients with CP and generally healthy subjects with
similar periodontal conditions.
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Although no association had previously been found between /L-8 gene polymorphisms and
periodontal diseases in the Czech population, some /L-§ variants have been associated with
the presence of some periodontal bacteria as well as specific /L-8 haplotypes were suggested
to be protective against CP development (Bofilova Linhartova et al., 2013). Lappin et al.
(2015) suggested that elevated IL-8 plasma levels potentially contribute to the cross-
susceptibility between periodontitis and T1DM, and that P. gingivalis lipopolysaccharides
(LPS) and advanced glycation end products (AGE) in combination caused significantly
greater expression of IL-6, IL-8, and CXCLS5 from THP-1 monocytes and OKF6/TERT-2
cells than LPS alone. In addition, chemokine receptor 2 (CXCR?2) plays an important role in
the regulation of the inflammatory response.

Considering the critical function of chemokine IL-8 in the inflammatory process, the aims
of this study were to determine: (i) IL-8 plasma levels; (ii) /L-8 rs4073 and its receptor 2
(CXCR2) 151126579 polymorphisms, and (iii) the presence of the selected periodontal
bacteria in TIDM and T2DM patients and the HC with known periodontal status.

This case-control study is comprised of 153 unrelated individuals: 36/44 patients suffering
from TIDM+CP/T2DM+CP and 32/41 from the HC+CP/non-periodontitis HC. Both the
clinical and biochemical parameters were monitored. The genotypes were determined using
TagMan PCR, IL-8 plasma levels were measured using an enzyme-linked immunosorbent
assay (ELISA) kit. Subgingival bacterial colonization was analyzed with a DNA microarray
detection kit in an external laboratory (Stomagene, Ceské Bud&jovice, Czech Republic).
IL-8 154073 and CXCR2 rs1126579 allelic and genotype distributions were similar in all of
the subgroups and the T2DM+CP group between well/satisfactorily controlled individuals

vs. unsatisfactorily controlled patients (P>0.05). Variants in both genes were also evaluated

102


https://www.ncbi.nlm.nih.gov/pubmed/30340321
https://www.ncbi.nlm.nih.gov/pubmed/30340321

across the whole cohort in relation to IL-8 plasma levels and no association was found
(P>0.05).

The IL-8 plasma levels differed significantly between the non-periodontitis HC and
TIDM+CP/T2DM+CP patients (P<0.01). Even in the HC+CP, IL-8 concentrations were
significantly lower than in TIDM+CP/T2DM+CP patients (P<0.05).

Higher IL-8 plasma levels were found in the healthy controls and the well/satisfactorily
controlled T2DM+CP patients who tested positive for 7. forsythia or P. intermedia than in
individuals from this subgroup who tested negative for these specific bacteria (P=0.03 in
both, Pcor>0.05). However, the presence of P. gingivalis, T. forsythia, or T. denticola was
associated with lower IL-8 plasma levels in TIDM+CP patients (P<0.01, Pcor>0.05).
F. nucleatum was detected in almost all of the individuals (98.6%). IL-8 levels were found
to be higher in the absence of F. nucleatum than in the presence of this bacterium in HC+CP
individuals (mean 46.40 pgmL' vs. 10.80 pgmL™), and in unsatisfactorily controlled
T2DM+CP patients (mean 30.86 pgmL! vs. 13.77 pgmL™). However, the significance of
these results is questionable due to the low number of patients who tested negative for
F. nucleatum.

In conclusion, no significant associations between IL-8 plasma levels and the studied /L-8
and CXCR?2 polymorphisms or the occurrence of selected periodontal bacteria (Pcor> 0.05)
were found. Patients with TIDM+CP/T2DM+CP had higher circulating IL-8 levels than the
HC+CP/non-periodontitis HC.

103



International Journal of r;\
. Molecular Sciences Mw

Artide

Differences in Interleukin-8 Plasma Levels between
Diabetic Patients and Healthy Individuals
Independently on Their Periodontal Status

Petra Borilova Linhartova 124, Denisa Kavrikova *{0, Marie Tomandlova 3, Hana Poskerova !,
Vaclav Rehka *, Ladislav Dusek ° and Lydie Izakovicova Holla %*

1 Clinic of Stomatology, Institution Shared with St. Anne’s Faculty Hospital, Faculty of Medicine, Masaryk
University, Pekarska 664/53, 60200 Brno, Czech Republic; peta.linhartova@gmail.com (P.B.L.);
denisakavrikova@gmail.com (D.K.); hana.poskerova@fnusa.cz (H.P)

Department of Pathophysiology, Faculty of Medicine, Masaryk University, Kamenice 5,

62500 Brno, Czech Republic

Department of Biochemistry, Faculty of Medicine, Masaryk University, Kamenice 5,

62500 Brno, Czech Republic; mhyks@med.muni.cz

Faculty of Medicine, Masaryk University, Kamenice 5, 62500 Brno, Czech Republic; vasek.rehka@seznam.cz

dusek@iba.muni.cz
*  Correspondence: holla@med.muni.cz; Tel.: +420-543-183-406
+ Authors contributed equally to this work.

check for
Received: 29 September 2018; Accepted: 15 October 2018; Published: 18 October 2018 updates

Abstract: Chronic periodontitis (CP) and diabetes mellitus (DM) involve several aspects of immune
functions, including neutrophil activity and cytokine biology. Considering the critical function
of chemokine interleukin-8 (IL-8) in the inflammatory process, the aims of this study were to
determine: (i) IL-8 plasma levels; (ii) IL-8 (—251A /T, rs4073) and its receptor 2 (CXCR2, +1208C/T,
rs1126579) polymorphisms, and (iii) the presence of the selected periodontal bacteria in types
1 and 2 DM patients (TIDM and T2DM) and systemically healthy controls (HC) with known
periodontal status. This case—control study comprises of 153 unrelated individuals: 36/44 patients
suffering from TIDM+CP/T2DM+CP and 32/41 from HC+CP/non-periodontitis HC. Both the
clinical and biochemical parameters were monitored. The genotypes were determined using qPCR,
IL-8 plasma levels were measured using an ELISA kit. Subgingival bacterial colonization was
analyzed with a DNA microarray detection kit. The IL-8 plasma levels differed significantly
between non-periodontitis HC and TIDM+CP/T2DM+CP patients (P < 0.01). Even in HC+CP,
IL-8 concentrations were significantly lower than in TIDM+CP/T2DM+CP patients (P < 0.05).
No significant associations between the IL-8 plasma levels and the studied IL-8 and CXCR2
polymorphisms or the occurrence of selected periodontal bacteria (P > 0.05) were found. CP does not
influence the circulating IL-8 levels. Patients with TIDM+CP/T2DM+CP had higher circulating IL-8
levels than HC+CP/non-periodontitis HC.

Keywords: interleukin-8; chemokines; plasma; polymorphism; chronic periodontitis; diabetes mellitus

1. Introduction

Diabetes mellitus (DM), most frequently occurring as type 1 (T1DM) and type 2 (T2DM), is a
chronic metabolic disorder, which impacts global health [1]. The major cause of morbidity and early
mortality in diabetic patients stems from vascular complications [2], developing as a consequence of
long-term hyperglycemia and the formation of advanced glycation end products (AGE) [3]. The five
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main complications of DM include retinopathy (DR), neuropathy (DPN), nephropathy (DN), altered
wound healing, and macrovascular disease [4]. Chronic periodontitis (CP) is considered the sixth
complication of diabetes [5], and it may have an increased influence on systemic levels of cytokines,
especially in individuals with T2DM [6].

CP is mainly caused by Gram-negative bacteria in the subgingival biofilm, such as
Porphyromonas gingivalis and Tannerella forsythia [7,8], and by “genetic dysbiosis,” which highlights
the role of human genetic variants affecting microbial recognition and host response in creating an
environment conductive to changes in the normal microbiota [9]. A common feature in DM and CP
patients is a low-grade inflammatory state [10,11], which suggests a link between the two diseases.
DM has many adverse effects on the periodontium, including an impaired neutrophil function and the
production of cytokines [12].

Interleukin-8 (IL-8), a member of the C-X-C motif (CXC) subfamily of chemokines, is one of
the most important chemoattractants and activators of human neutrophils via interaction with two
receptors (CXCR1 and CXCR2) [13]. IL-8 is involved in the initiation and amplification of acute
inflammatory reaction; it is secreted by several cell types in response to inflammatory stimuli [14].
Chemokines and neutrophils have previously been associated with, or implicated in the pathogenesis
of TIDM [15-18]. Furthermore, the study of non-obese diabetic mouse models has identified CXCR1/2
chemokine receptors as “master regulators” of diabetes pathogenesis [19,20]. Nevertheless, the role of
IL-8 in DM and CP pathogenesis remains unclear.

The levels of IL-8 in oral keratinocytes [21], gingival epithelial cells [22], gingival crevicular
fluid (GCF) [23-25], plasma [21], or serum [26] have been observed with contradictory findings in
the context of DM and CP. It is highly probable that IL-8 (—251A /T, rs4073) polymorphism affects
the ability of individuals to produce IL-8 [27]. Furthermore, expression levels of CXCR2 or specific
CXCR2 gene variants (+1208C /T, rs1126579) have been linked with levels of circulating IL-8 [28,29].
Although no association was previously found between the IL-8 gene polymorphisms and periodontal
diseases in the Czech population, IL-8 variants have been associated with the presence of some
periodontal bacteria as well as specific IL-8 haplotypes were suggested to be protective against CP
development [30].

Considering the critical function of IL-8 in inflammation, and its possible role in the pathogenesis
of DM and CF, the aims of this study were to determine (i) IL-8 plasma levels; (ii) IL-8 (—251A/T,
rs4073) and its receptor 2 (CXCR2, +1208C/T, rs1126579) polymorphisms; and (iii) the presence of
the selected periodontal bacteria in types 1 and 2 DM patients (T1DM and T2DM) and systemically
healthy controls (HC) with known periodontal status.

2. Results

2.1. Study Population

The demographic data for the study population are shown in Table 1. The subgroups did not
differ in terms of the male /female ratio (P > 0.05). The mean ages and BMI were similar for patients
with TIDM+CP and HC, but there were significant differences in mean ages between groups of
HC+CP/T2DM+CP and non-periodontitis HC (mean + standard deviation, SD: 59.5 + 9.3/66.8 £ 8.5
vs. 45.5 £ 9.6, P < 0.01). Mean body mass index (BMI) was significantly higher in T2DM+CP patients
than in non-periodontitis HC and TIDM+CP patients (29.9 7.7 vs. 23.8 £4.2/25.1 £ 3.1, P < 0.05).
Smoking status was not different between T2DM+CP and non-periodontitis HC (5.3% vs. 7.1%
smokers) or between TIDM+CP patients and HC+CP individuals (19.4% vs. 25.0% smokers). DR was
present only in patients with TIDM+CF, and DPN was also present significantly more frequently in
this group of patients (P < 0.01).
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Table 1. Demographic data for the studied TIDM+CP and T2DM+CP patients as well as HC+CP and
non-periodontitis HC.

Characteristics Non-Periodontitis HC HC+CP T1IDM+CP T2DM+CP
(mean + SD) N=32 N=41 N=36 N=44
Age (years) 455+96 505+93* 40.7 + 104 668 +85*%
Duration of DM (years) 0.0+ 0.0 0.0 + 0.0 251+ 11.8 102+77
DM control
(well/ satisfactorily / - - 0.0/8.3/91.7 7.7/28.2/64.1
unsatisfactorily controlled) %
Sex (males) % 31.3 26.8 44 409
Smoking (yes) % 5.3 19.4 25.0* 7.118
DN (yes) % 0.0 0.0 27.6 167
DR (yes) % 0.0 0.0 6331 0.0
DPN (yes) % 0.0 0.0 500 9.3
BMI 238 +4.2 268 +3.9 251+ 31 209+ 778
Gl 03+0.2 09+03t 1+03*t 1.1+037
PD (mm) 0.6+02 33+09* 36+09%t 38+10f
AL (mm) 08+02 41+1at 44+151 47+12%
N of sites with PD > 5 mm 0 18+£17+ 204£19* 20+16*
N of teeth with PD > 5 mm 0 10+7* 1M1+7* 11+6*
N of sites with AL = 5 mm 0 32421 384+28* 38+19*
N of teeth with AL > 5 mm 0 15+7* 1547+ 15+ 6%
HbA1c (mmol/mol) - - 69.6+120 57.7 + 145§
Blood glucose (mmol/L) 54+05 57 +03 7.5+23 77 +24
Total cholesterol (mmol/L) - - 47 +07 47 +1.0
Triglycerides (mmol/L) - - 1.0+06 20+12
LDL (mmol/L) - - 27+06 27 +09
HDL (mmol/L) - - 1.6+04 1.3+03

— = unknown. Note: In TIDM+CP Paﬁents, the diabetic control was known only in 31 of them. * P < 0.05 in
comparison to non-periodontitis HC. ¥ P < 0.01 in comparison to non-periodontitis HC. 1P<0.05in comparison to
HC+CP individuals. § P < 0.05in comparison to TIDM+CP patients. P <001in comparison to T2DM+CP patients.
DM: diabetes mellitus; DN: diabetic nephropathy; DR: diabetic retinopathy; DPN: diabetic neuropathy; BMI: body
mass index; GI: gingival index; PD: pocket depth; AL: attachment loss; LDL: low density lipoprotein; HDL: high
density lipoprotein.

There were statistically significant differences between non-periodontitis HC and all of the
subgroups of cases in gingival index (GI) and numbers (N) of sites and teeth with a pocket depth (PD)
=5 mm and an attachment loss (AL) =5 mm (P < 0.01). Nevertheless, similar numbers were found
in mutual comparisons of HC+CF, TIDM+CP, and T2DM+CP patient groups (P > 0.05). Although
the groups of diabetic patients had similar lipid profiles and blood glucose levels, TIDM+CP patients
had poorly controlled glycated hemoglobin (HbAlc) levels when compared to T2DM+CP patients
(69.6 + 12.0 vs. 57.7 + 14.5, P < 0.05). The group of patients with TIDM+CP included only three
patients with satisfactory DM control. DM control in other patients was unsatisfactory as measured
by HbAlc values. The stratification in the group of patients with T2DM+CP was as follows: 7.7% of
patients with well-controlled diabetes, 28.2% with satisfactorily controlled diabetes, and 64.1% with
unsatisfactorily controlled diabetes.
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2.2. IL-8 Plasma Levels and Clinical Parameters

Analysis of circulating IL.-8 showed that plasma levels of this chemokine differed significantly
between the TIDM+CP/T2DM+CP patients (median [interquartile range, IQR]: 15.09 pg/mL
[9.73-20.32]/14.25 pg/mlL [11.72-23.36], respectively) and non-periodontitis HC (10.53 pg/mL
[8.48-12.58], P < 0.01 in both comparisons). Diabetic patients of both types with CP also had
significantly higher levels of IL-8 than did HC+CP individuals (11.02 pg/mL [6.47-15.17], P < 0.05).
Interestingly, the groups of HC+CP and non-periodontitis HC and also the groups of patients with
T1IDM+CP and T2DM+CP always exhibited similar IL-8 plasma levels (see Figure 1).
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Figure 1. Comparison of IL-8 plasma levels in TIDM+CP (N = 36) and T2DM+CP patients (N = 44)
and HC+CP (N = 41) and non-periodontitis HC (N = 32). Samples with IL-8 levels under the limit of
detection (<4.40 pg/mL) were assigned a value of 4.39 pg/ mL. The Mann-Whitney U-test (two-tail)
was used for the calculation of significant differences.

The IL-8 plasma levels in diabetic patients according to their glycemic control (as assessed by
HbAlc levels) were comparable (P > 0.05, see Table 2).

Table 2. Comparison of IL-8 plasma levels in diabetic patients according to their glycemic control

IL-8 Levels, Median [IQR] in pg/mL

Well Controlled Satisfactorily Controlled Unsatisfactorily Controlled
N=4 N=14 N =57
12.68 1445 14.04
[10.52-40.56] [12.15-23.13] [10.05-19.67]

Note: In TIDM+CP patients, the diabetic control was known only in 31 of them. IQR: interquartile range.
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The comparison of IL-8 levels in T2DM patients of normal ‘veight, those who were ovenveight,
and obese showed no significant differences (P > 0.05, see Table 3).

Table 3. Comparison of IL-8 plasma levels in T2DM patients according to their BML

IL-8 Levels, Median [IQR] in pg/mL

Normal Weight Overweight 2
BMI < 25.0 kg/m? 25 kg/m? < BMI < 30 kg/m? Obese BMI> 20kg/m
N=9 N=14 =
12.68 13.75 14.04
[9.16-16.54] [12.00-23.13] [12.50-16.24]

I0QR: interquartile range.

In addition, concentrations of circulating IL-8 levels were not significantly associated with the
level of glycemic control (blood glucose and HbAlc), smoking status, or clinical parameters such
as GI, PD and AL (P > 0.05). However, increased IL-8 levels were detected in patients without DN
(14.84 pg/mlL [11.60-21.79]) in comparison to patients with DN (12.33 pg/ml [7.84-15.51]), P = 0.03).

2.3. IL-8 Plasma Levels and Gene Variability

The frequencies of both studied single nucleotide polymorphisms (SNPs), IL-8 (—251A /T, rs4073)
and CXCR2 (+1208C/T, rs1126579) genotypes, in all subgroups were consistent with those expected
from the Hardy-Weinberg equilibrium (HWE) (P > 0.05).

Allelic and genotype distributions were similar in all of the subgroups and the T2DM+CP group
between well/satisfactorily controlled individuals vs. unsatisfactorily controlled patients (only data
for genotype frequencies are shown). I11-8 and CXCR2 gene variability was also evaluated across the
whole cohort in relation to IL-8 plasma levels. No association between the specific gene variants and
circulating IL-8 levels was found (see Table 4).
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2.4. IL-8 Plasma Levels and Periodontal Bacteria

The microbial profiles were determined in a subgroup of 140 subjects. The participants were
divided into two groups (negative and positive) for specific periodontal bacteria. Higher IL-8 plasma
levels were found in the healthy controls and the well/satisfactorily controlled T2DM+CP patients
positive for T. forsythia or P. intermedia than in individuals from this subgroup negative for these specific
bacteria (P = 0.03 in both, P > 0.05). On the other hand, the presence of P. gingivalis, T. forsythia, or
T. denticola was associated with lower IL-8 plasma levels in TIDM+CP patients (P < 0.01, Py, > 0.05).

F. nucleatum was detected in almost all of the individuals (98.6%). IL-8 levels were found to be
higher in the absence of F. nucleatum than in the presence of this bacterium in HC+CP individuals
(mean 46.40 pg/mL vs. 10.80 pg/mL), and in unsatisfactorily controlled T2DM+CP patients (mean
30.86 pg/mL vs. 13.77 pg/mL). However, the significance of these results is questionable due to the
low number of patients who tested negative for F. nucleatum (only two individuals in total; see Table 5).
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3. Discussion

CP and DM are common, multifactorial diseases worldwide [31]. Current evidence suggests that
the relationship is bidirectional: DM increases the risk and severity of periodontitis, and periodontal
disease can adversely affect the outcome of diabetes [32]. A potential link between DM and CP
involves a broad axis of inflammation, a specific immune cell phenotype, serum lipid levels, and tissue
homeostasis [33]. Changes in immune cell function in diabetic patients are reflected in the upregulation
of proinflammatory cytokines and chemokines, such as the neutrophils chemoattractant IL-8 [34].

In this study, we evaluated the circulating levels of IL-8 as well as genetic and microbial
profiles in systemically healthy individuals with or without CP and TIDM/T2DM patients with CP.
The participants were selected from a large pool of patients and controls; in all groups, representation
of both genders was balanced. The average ages of the non-periodontitis HC and TIDM+CP patients
and also HC+CP and T2DM+CP patients were similar. The difference in the average age between
patients with TIDM and T2DM was caused by divergent pathogenesis (age of onset) of the two types of
the disease. Nevertheless, patients with TIDM were affected on average by a 15-year longer duration
of this disease compared to those with type 2. Simultaneously, patients with TIDM+CP had more
poorly controlled HbAlc levels than T2DM+CP patients. Periodontitis progression has recently been
associated with elevated HbAlc levels in T2DM patients, and the treatment of periodontal infection
may thus improve glycemic control of diabetic patients [35]. In this study, however, periodontal status,
evaluated according to PD and AL, was similar between the CP patients and DM patients of both
types with CP. Therefore, our results are in contradiction to other published articles which conclude
that diabetic patients with difficulties in controlling serum glucose levels are more likely to suffer from
periodontitis than well-controlled diabetic patients or individuals without diabetes [36]. This may be
due to the relatively small sample size included in this study.

Based on the finding that high glucose-induced oxidative stress increases IL-8 production in
human gingival epithelial cells, Kashiwagi et al. hypothesized a potential involvement of epithelial
cells in periodontal disease during diabetes, caused by evoking an excessive host inflammatory
response [22]. We found that IL-8 plasma levels were significantly higher in both diabetic groups
than in HC+CP/non-periodontitis HC individuals. We assume that the differences in mean age
between the groups did not affect the results. Even though IL-8 plasma levels were previously found
higher in healthy older people than in healthy younger people, there was no statistical significance
of this result [37]. Recent studies have shown that [L-8 is secreted by adipocytes, that circulating
IL-8 levels in obese subjects without diabetes are significantly higher than in subjects with normal
body weight, and that circulating levels of IL-8 are thus positively correlated with BMI [38]. In this
study, no significant differences were found in IL-8 levels among T2DM normal weight, overweight,
or obese subjects. However, this can be due to the low number of T2DM patients with normal body
weight. While Engebretson et al. and Mohamed et al. reported significantly higher concentrations
of IL-8 in GCF in patients with T2DM+CP as compared to HC+ CP [23,25], IL-8 GCF levels did not
correlate with the diabetic status in the recent study by Longo et al. [24]. In contrast to our results,
IL-8 circulating levels were found to be significantly lower in patients with TIDM than in first-degree
control relatives [26]. Purohit et al. hypothesized that higher levels of this cytokine might be partly
responsible for the protection against the development of TIDM [26]. On the other hand, Lappin et al.
also found elevated plasma levels of IL-8 in TIDM+CP patients [21], and thus IL-8 may contribute to the
cross-susceptibility between CP and DM. In addition, plasma levels of IL-8 were found to be similar in
non-periodontitis HC and the HC+CP individuals in the Czech population. Nevertheless, in previous
studies, higher plasma/serum levels have been associated with CP in different populations [21,39].
Frederiksson suggested that patients with CP had a subpopulation of peripheral neutrophils with a
higher responsiveness to IL-8 priming than controls with healthy gingiva [40].

No association was found between circulating IL-8 level and glycemic control (blood glucose
and HbA1c), smoking status, and clinical parameters such as PD and AL in the Czech population.
In contrast, Lappin et al. reported that plasma levels of IL-8 correlated with levels of blood glucose
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and HbAlc, PD, and AL [21]. It should be noted that mean numbers of sites/ teeth with PD/AL > 5
mm in Czech patients were more than double of those in patients with CP and TIDM+CP in the study
conducted by Lappin et al. [21]. The severity of periodontal tissue damage and inflammation may
thus contribute to the differences in results. Surprisingly, higher IL-8 levels in patients without DN
than in patients with DN were found in the studied cohort. This is not in accordance with the study by
Perlman et al., who found an elevated transcript level of IL-8 at all DN disease stages as compared to
controls [41]. Our results must be treated with caution because the number of patients with DN was
very low (only 17 patients).

A further aim of this study was to correlate IL-8 circulating levels with variants in the IL-8§ and
CXCR2 genes. IL-8 polymorphisms (—251A/T, rs4073) had previously been associated with changes
in transcriptional activity [42]; namely, the A allele was linked with an increased IL-8 production
in response to whole blood stimulation with lipopolysaccharides (LPS) [27]. In line with the results
presented by Liet al. [39], no correlation of IL-8 plasma levels with the gene variants in IL-8 was found
in this study. We assume that no individual SNPs in the IL-8 gene, but rather a combination of multiple
variants, may affect the protein expression. Benakanakere et al. provide evidence that carriage of
the IL-8 ATC/TTC haplogenotype may increase the influx of neutrophils into inflammatory lesions
and influence disease susceptibility [43]. Although synergistic interaction was observed between
the T allele of the CXCR2 (+1208C /T, rs1126579) SNP and high IL-8 serum levels [29], there were no
differences among single variants and plasma levels of IL-8 in the present study. The current results of
the genetic analysis were analogous with those from our previous research into IL-8 gene variability
in CP and aggressive periodontitis patients in a larger population [30]. Recent work by Nibali et al.
claimed that host genetic variants could affect the colonization by specific microbes [44]. However,
this could not be confirmed in this study due to the small size of the studied population.

Finally, the relationship between the microbial profile and chemokine levels was evaluated, but the
presence of individual periodontopathic bacteria was not significantly associated with IL-8 production.
Mesia et al. demonstrated that T2DM+CP individuals had higher unstimulated and stimulated
levels of several cytokines, including IL-8, than systemically healthy individuals with periodontal
disease [45]. In addition, P. gingivalis LPS-induced levels of IL-8 and others strongly correlated with
disease severity (as measured by PD) in the T2DM group, but not in the group of controls with
periodontitis [45]. While Lappin et al. found that P. gingivalis LPS and AGE together influenced the
expression of [L-8 more than LPS alone in vitro [21], there were no differences in the presence of this
bacterium between systemically healthy individuals and DM patients with similar periodontal status
in the Czech population. Interestingly, F. nucleatum was detected in 98.6% of participants and higher
IL-8 levels were recorded in patients without this bacterium in the oral cavity. This is inconsistent
with previous findings, which showed that various F. nucleatum strains produce higher IL-8 levels in
comparison with other oral bacteria [46,47]. The mechanisms behind these observations are still not
well understood. Furthermore, our study only found two patients who were negative for F. nucleatum,
one was from the group HC+CP and the other suffered from T2DM+CP.

The main limitation of our study is that subgroups of TIDM/T2DM without periodontal disease
could not be included because only diabetic patients with a different severity of periodontitis were
in the selected cohort. On the other hand, we can claim high homogeneity of the studied population
because the participants were collected from a pool of patients of Czech Caucasians of European
origin from South Moravia. The size of our cohort (N = 109) is comparable with the number of
participants (N = 104) in the recent study by Lappin et al. [21]; moreover, we included an additional
44 T2DM+CP patients. Lappin et al. associated the elevated plasma levels of IL-8 with CP and/or
T1DM and found that P. gingivalis LPS and AGE together caused a significantly greater expression of
IL-8 from THP-1 monocytes and OKF6/ TERT-2 cells than LPS alone. While no in vitro stimulation of
cells by bacterial LPS or AGE was carried out in connection with IL-8 in our previous study [48], the
advantage of the present study is that the Czech participants underwent detailed clinical, genetic, and
microbiological examinations.
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In conclusion, increased circulating levels of IL-8 were associated with DM of both types in the
presence of periodontal disease, which suggests their il:nporta.nt role in the pathogenesis of TIDM,
T2DM, and CP. Nevertheless, the influence of single genetic variants of IL-8/ CXCR2 or the influence
of the presence of individual periodontal bacteria on the concentrations of circulating IL-8 were not
confirmed. Our findings may have some diagnostic implications and their molecular basis needs to
be further addressed. Nevertheless, the design of the association study can be sensitive to type II
statistical error and our results require confirmation by other studies on different populations.

4. Materials and Methods

The study was performed with the approval of the Committees for Ethics (15/2009) 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 Declaration of Helsinki before inclusion into the study.

4.1. Study Population and Clinical Examinations

One hundred and fifty-three unrelated Caucasian adult participants from the South Moravian
Region of the Czech Republic were included in this study. The periodontal status was evaluated in
all individuals as follows: 73 systemically healthy individuals and 80 diabetic patients at the Clinic
of Stomatology, Institution Shared with St. Anne’s Faculty Hospital, Faculty of Medicine, Masaryk
University, Brno from 2010 to 2017. The diagnosis of periodontitis/non-periodontitis was based on
detailed clinical examination, medical and dental history, tooth mobility and radiographic assessment.
All patients with CP fulfilled the diagnostic criteria defined according to AL levels by the International
Workshop for a Classification of Periodontal Diseases and Conditions for Chronic Periodontitis [49]:
=>30% of the teeth were affected (generalized CP) and PD was =4 mm. PD and AL were collected with
a UNC-15 periodontal probe from four sites on every tooth present by an experienced periodontist.

For comparability with the study by Lappin et al. [21], the numbers of sites and teeth with PD
> 5 mm and AL > 5 mm were recorded in both cases and controls. Loss of the alveolar bone was
determined radiographically. Examination of lipid level profiles was as previously described [50].
The degree of gingival inflammation was assessed using the Gl according to Le and Silness [51],
and the presence of inflammation of the gingiva was evaluated on four surfaces of all of those teeth
present (distal, vestibular, mesial, oral). This index uses a 0-3 scale according to the following criteria:
The complete absence of visual signs of inflammation was scored as 0; slight change in colour, slight
oedema and no bleeding on probing as 1; and visual inflammation, redness, oedema, glazing, and
bleeding on pressure as 2. Finally, severe inflammation, marked redness, oedema, ulceration, and the
tendency to spontaneous bleeding was scored as 3. Using all of the individual scores, mean Gl scores
+ SD were calculated.

The diagnosis of TIDM (number of patients, N = 36) or T2DM (N = 44) was based on the presence
of clinical symptoms (such as polyuria, polydipsia, and weight loss) and biochemical parameters
(glycem.ia, glycahed hemoglobi.n, ketoacidosis, and autoantibody status) in the outpatient unit of the
Diabetology Clinics in Brno by experienced diabetologists. In accordance with American Diabetes
Association guidelines [52], in patients with typical symptoms, the diagnosis was established upon
finding glucose >11.0 mmol/L. In the absence of clinical manifestations, the diagnosis was made
based on the finding of fasting blood glucose in venous plasma =7.0 mmol/L after 8 h of fasting, and
the finding of blood glucose in venous plasma >11.0 mmol/L, or HbAlc = 48 mmol/mol 2 h after
the consumption of 75 g glucose (oral glucose tolerance test). Diabetes control was assessed as good
(<45 mmol/ mol), satisfactory (45-60 mmol/mol), or unsatisfactory (>60 mmol/mol) [53]. In addition,
the presence of diabetic complications (such as DR, DPN, and DN), the duration of diabetes, and other
clinical and biochemical parameters (BMI, smoking, ].ipid profile, etc.) were recorded.

The inclusion criteria for this study were the wi.ll.ingness to participate, complizmce with the
d.iagnostic criteria for CP and/or DM, and, for the control group, systemic and periodontal health.
None of the participants were receiving treatment for periodontitis at the time of diagnosis but all
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were offered treatment whether they agreed, declined to participate, or were excluded from the
study. All patients were firstly examined by a periodontist and they did not receive scaling and/ or
root planing minimally six months before measuring periodontal indices. The exclusion criteria
for this study were a history of systemic diseases such as coronary artery diseases, malignancies,
immunodeficiency disorders, current pregnancy or lactation, immunosuppression attributable to
medication or concurrent illness, the use of antibiotics or anti-inflammatory drugs within six weeks of
recruitment, <20 teeth (only in healthy controls), and the inability to consent.

4.2. Sample Collection and Plasma Levels Analysis

Levels of IL-8 in plasma were measured in all 153 individuals at the Department of Biochemistry,
Faculty of Medicine, Masaryk University, Brno. The plasma samples were prepared from venous
blood collected into a tube with EDTA (S-Monovette” 9 mL K3E, Sarstedt, Germany), separated by
centrifugation (465x g, 4 °C, 10 min), and stored at —70 °C within 30 min of collection.

IL-8 plasma levels were determined using enzyme-linked immunosorbent assay (ELISA) kits [IL-8
Human Magnetic Kit for Luminex™ Platform (Catalog No. LHC0081M, Novex™, Life Technologies,
Grand Island, NY, USA) with Human/Monkey Extracellular Protein Buffer Magnetic Reagent Kit
(Catalog No. LHB0001M, Novex™, Life Technologies, Grand Island, NY, USA)] and software (Luminex
200™ analyzer with xPONENT 3.1 Software, Luminex Corporation, USA; Milliplexm Analystv 3.4
Software, VigeneTech, Carlisle, MA USA) according to the manufacturer’s instructions. Those samples
with IL-8 values under the limit of detection (<4.40 pg/mL) were arbitrarily assigned a value of
4.39 pg/mL for the statistical analysis.

4.3. Genetic Analysis

Genomic DNA was isolated from peripheral blood according to the standard protocol
(phenol-chloroform method) by Sambrook et al. [54] and archived in the DNA bank at the Department
of Pathophysiology, Faculty of Medicine, Masaryk University, Brno.

Two SNPs [I1-8 (—251A /T, rs4073) and CXCR2 (+1208C/T, rs1126579)] were genotyped using the
fluorescent probes for allelic discrimination (TagMan® assays, Life Technologies, Grand Island, NY,
USA; C_11748116_10 and C_8841198_10, respectively). A sequence detection system ABI PRISM 7000,
Applied Biosystems, Waltham, MA, USA was used. Polymerase chain reaction conditions were 95 °C
for 10 min and 40 cycles of 95 °C for 15 s and 60 °C for 1 min. Real-time and endpoint fluorescence data
were analyzed by SDS version 1.2.3, Applied Biosystems, USA software. Ten percent of the samples
were determined in duplicates with 100% accordance. Genotyping was performed by investigators
unaware of the phenotype.

4.4. Periodontal Bacteria Analysis

Samples of subgingival microflora were collected from the deepest sulcus/pocket from each
quadrant in oral cavity. After careful removal of supragingival plaque and drying, a sterile endodontic
pin (ISO size 40) was introduced to the bottom of the periodontal sulcus for 10 s. After removal, the
pins were inserted into a sterile transport tube and sent for evaluation.

Seven oral bacteria were investigated by the DNA microarray detection kit (Protean Ltd., Ceske
Budejovice, Czech Republic), as published previously [30]. Briefly, individual bacteria were determined
semi-quantitatively as follows: (—) undetected, which corresponds to bacteria count less than 10%; (+)
slightly positive, corresponding to bacteria count of 103-10%; (++) positive, corresponding to bacteria
count of 10*-10%; and (+++) strongly positive, with bacteria count higher than 105, Subgingival
bacterial colonization (Fusobacterium nucleatum, Aggregatibacter actinomycetemcomitans, P. gingivalis,
T. forsythia, Treponema denticola, Prevotella intermedia, Parvimonas micra) in subgingival sulci/ pockets
was analyzed in the subgroups of non-periodontitis HC (N = 19), HC+CP (N = 41), TIDM+CP (N = 36)
and T2DM+CP patients (N = 44) before subgingival scaling. The diagnosis of the specific bacterial
infection was assessed as positive when the number of bacterial cells exceeded 10°.
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4.5. Statistical Analysis

In accordance with the “case—control” design of this study, “controls” (systemically healthy
people without CP, so called non-periodontitis HC) were compared with “cases” (all patients with
CP regardless of their diabetes status: HC+CP, TIDM+CP or T2DM+CP patients). Secondly, we
used a “case—case” design to compare systemically healthy individuals and TIDM or T2DM patients
with a similar periodontal status, as well as to make comparisons between patients with both types
of diabetes.

Standard descriptive statistics were calculated: absolute and relative frequencies for categorical
variables, mean with SD or median with quartiles for quantitative variables. One-way analysis
of variance (ANOVA) and Kruskal-Wallis test (ANOVA) were carried out to compare continuous
variables. The allele frequencies were calculated from the observed numbers of genotypes.
The differences in the allele frequencies were tested using the Fisher’s exact test; HWE and genotype
frequencies were calculated with the chi-square test. The association was described by odds ratios
with 95% confidence intervals. Only the values of P < 0.05 were considered as statistically significant.
Where appropriate, Bonferroni correction was used to adjust the level according to the number of
independent comparisons to the overall value of 0.05. The adjusted P values are denoted as Peorr.
Statistical power calculation was based on the results from the previous study on plasma IL-8 levels
by Lappin et al [21]. To obtain an excess of 80% statistical power in an ANOVA with a detectable
difference of 1.2 and mean of 1, a minimum of 17 samples was required in each of the four patient
groups [21]. Similar to the previous study, we also increased the number to a minimum of 19 per group
because the data did not conform to the normal distribution. Statistical analysis was performed using
the statistical package Statistica v. 12, StatSoft Inc., Tulsa, OK, USA.
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Abbreviations

A a Aggregatibacter actinomycetemcomitans

AL Attachment loss

ANOVA One-way analysis of variance

BMI Body mass index

CXCR2 C-X-C motif chemokine receptor 2 (receptor for IL-8)
cp Chronic periodontitis

DM Diabetes mellitus

DN Diabetic nephropathy

DPN Diabetic neuropathy

DR Diabetic retinopathy

ELISA Enzyme-linked immunosorbent assay

En Fusobacterium nucleatum

GCF Gingival crevicular fluid

Gl Gingival index

HbAlc Glycated hemoglobin

HC Systemically healthy controls without periodontitis
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HC+CP Systemically healthy individuals with chronic periodontitis

HDL High density lipoprotein

HWE Hardy-Weinberg equilibrium

IL-8 Interleukin-8

IOR Interquartile range

LDL Low density lipoprotein

LPs lipopolysaccharide

N Number

Neg Negative

PD Pocket depth

Pg Porphyromonas gingivalis

Pi. Prevotella intermedia

Pom. Parvimonas micra

Pos Positive

qPCR Quantitative polymerase chain reaction

SD Standard deviation

T1IDM Type 1 diabetes mellitus

T2DM Type 2 diabetes mellitus

T.d. Treponema denticola

Tf. Tanarella forsythia

Pi Prevotella intermedia
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4.3 Comment to the article ”’Chemokine receptor 2 (CXCR2) gene variants
and their association with periodontal bacteria in patients with chronic
periodontitis”

Kavrikova D*, Borilova Linhartova P*, Lucanova S, Poskerova H, Fassmann
A, Izakovicova Holla L. Chemokine receptor 2 (CXCR2) gene variants and their
association with periodontal bacteria in patients with chronic periodontitis. Mediators
Inflamm. 2019;2019:2061868. (IF 3.549; CELL BIOLOGY Q2, IMMUNOLOGY Q2)
* Authors contributed equally to this work.

Author contribution: P.B.L. designed the study, particularly drafted the paper, and carried

out the genetic analysis.

Till now, two Brazilian studies have investigated the variability in CXYCRI or CXCR2 genes
in CP patients; however, only the CXCR2 genotypes and haplotypes have been associated
with this oral disease (Viana et al., 2010; Scarel-Caminaga et al., 2011).

In relation to the previous study (Borilova Linhartova et al., 2018b, see chapter 4.2), the aim
of this study was to investigate the CXCR2 gene variability in CP patients and the non-
periodontitis HC in a larger sample of the Czech population.

A total of 500 unrelated subjects participated in this case-control study: 329 CP patients and
171 non-periodontitis HC. The CXCR2 rs2230054, CXCR2 rs1126579, and CXCR2
rs1126580 polymorphisms were determined using PCR techniques. Subgingival bacterial
colonization was analyzed with a DNA microarray detection kit in an external laboratory
(Stomagene, Ceské Bud&jovice, Czech Republic).

No significant differences in allele, genotype, or haplotype frequencies of the CXCR2 gene
variants studied between patients with CP and the non-periodontitis HC were found
(P>0.05). If we arrange haplotypes as genotypes, the carriers of the TCA/TTG (or
TTG/TCA) variant seemed to be more susceptible to CP development (P<0.05). On the other
hand, the number of carriers of this haplogenotype is too small to demonstrate any significant
association with CP after correction for multiple comparisons. Viana et al. (2010) found that
patients carrying the haplotypes TCA and CCG were more predetermined to CP
development, whereas CCA and TCG haplotypes seemed to be protective against CP. Our
result matches with the findings of the Brazilian study (Viana et al., 2010), where TTG/TCA
and CTG/TCA haplotypes were associated with CP in two different populations.
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Nevertheless, 4. actinomycetemcomitans was detected more frequently in men who were
positive for the CXCR?2 rs2230054 C allele and for the CXCR2 rs1126579 T allele than in
men with the other alleles (P<0.05, OR=2.31, 95%CI=1.03-5.20, and P<0.05, OR=2.54,
95%CI=1.13-5.71). In contrast, no statistically significant associations of CXCR2 variants
with seven selected periodontal bacteria were found in women (P>0.05).

Although A. actinomycetemcomitans is more often associated with aggressive periodontitis
than with CP, Gaetti-Jardim et al. (2008) detected the bacteria using the PCR method in
44 % of CP patients. What is more, the specific ILs variants or their combinations were
associated with the presence of 4. actinomycetemcomitans in CP patients (Bartova et al.,
2014; Nibali et al., 2016; Cirelli et al., 2017).

Although none of the investigated SNPs in the CXYCR2 gene were associated with CP, the
CXCR?2 gene variants can be associated with subgingival colonization of G™ bacteria in men

with CP in the Czech population.
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Periodontitis, an inflammatory disease caused by subgingival Gram-negative (G-) bacteria, is linked with loss of the connective
tissue and destruction of the alveolar bone. In the regulation of inflammatory response, chemokine receptor 2 (CXCR2), a
specific receptor for interleukin-8 and neutrophil chemoattractant, plays an important role. The first aim of this study was to
investigate the CXCR2 gene variability in chronic periodontitis (CP) patients and healthy nonperiodontitis controls in the Czech
population. The second aim was to find a relation between CXCR2 gene variants and the presence of periodontal bacteria. A
total of 500 unrelated subjects partidpated in this case-control study. 329 CP patients and 171 healthy nonperiodontitis controls
were analyzed using polymerase chain reaction techniques for three single-nucleotide polymorphisms (SNPs): +785C/T
(rs2230054), +1208T/C (rs1126579), and +1440A/G (rs1126580). A DNA microarray detection kit was used for the
investigation of the subgingival bacterial colonization, in a subgroup of CP subjects (N = 162). No significant differences in
allele, genotype, haplotype, or haplogenotype frequencies of CXCR2 gene variants between patients with CP and healthy
controls (P > 0.05) were determined. Nevertheless, Aggregatibacter actinomycetemcomitans was detected more frequently in men
positive for the C allele of the CXCR2 +785C/T polymorphism (61.8% vs. 41.1%, P < 0.05; OR = 2.31, 95% CI= 1.03-5.20) and
for the T allele of the CXCR2 +1208C/T variant (61.8% vs. 38.9%, P < 0.05 OR = 2.54, 95% CI = 1.13-5.71). In contrast, no
statistically significant assodations of CXCR2 variants with seven selected periodontal bacteria were found in women. Although
none of the investigated SNPs in the CXCR2 gene was associated with CP, the CXCR2 gene variants can be associated with
subgingival colonization of G- bacteria in men with CP in the Czech population.

either localized or generalized, based on the number of
affected sites. The destruction corresponds to the presence

Periodontitis is a multifactorial disease that is primarily
caused by specific pathogen-associated molecular patterns
(PAMPs) and bacterial virulence factors; they trigger an
inflammatory host response which results in periodontal tis-
sue destruction and loss of teeth [1, 2]. Chronic periodontitis
(CP), the most common form of periodontitis in adults, is

of local factors, with a slow-to-moderate rate of progression,
but may have periods of rapid progression [3]. CP is strongly
associated with “red complex” Gram-negative (G-) bacteria,
including Tannerella forsythia, Porphyromonas gingivalis,
and Treponema denticola [1, 4]. Although Aggregatibacter
actinomycetemcomitans is supposed to be the main etiological
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agent of the aggressive form of periodontitis [5], this
bacterium is also connected with CP and some nonoral
infections [6].

The host response to anaerobic G- bacteria and their
products is an important determinant for progression of peri-
odontal disease. There are a few major risk factors, such as
genetic predispositions, systemic diseases, or smoking, which
affect the microbial composition in the oral cavity [7, 8].
Cytokines, mediators of host defense and also of periodontal
tissue destruction, are considered to be important molecules
in the etiopathogenesis of periodontal diseases [9].

Interleukin-8  (IL-8, CXCL8) is known as
neutrophil-activating protein-1 (NAP-1) [10, 11]. The effect
of IL-8 is mediated by its two receptors—7 transmembrane
class A (rhodopsin-like) G protein-coupled receptors
(7-TM-GPCRs), so called CXCR1 and CXCR2 [12, 13].
CXCRI1 and CXCR2 are expressed on a wide range of
leukocytes, including neutrophils, mast cells, and also oral
epithelial cells [14, 15]. They are involved in the multiple bio-
logical activities, such as initiation and amplification of acute
inflammatory reaction, as well as tumor growth, angiogene-
sis, and metastasis [16-18]. Experimental data suggest that
IL-8 and its receptors participate in the elimination of path-
ogens [19]. A study by Zenobia et al. shows that the recruit-
ment of neutrophils to gingival tissue does not require
commensal bacterial colonization but is entirely dependent
on CXCR2 expression [20].

Only a few studies have investigated the variability in
CXCRI or CXCR2 genes in relation to CP [21-23], especially
in the Brazilian population; however, only the CXCR2 geno-
types and haplotypes have been associated with CP [21].
Based on our previous investigation of IL-8 gene variability
and its association with periodontal bacteria in patients with
CP [24], we assumed the role of IL-8 receptor in the
etiopathogenesis of periodontal disease.

The first aim of our study was to analyze three SNPs
in the CXCR2 gene +785C/T (rs2230054), +1208T/C
(rs1126579), and +1440G/A (rs1126580) in CP patients
and healthy nonperiodontitis controls in the Czech popula-
tion; the second aim was to associate these SNPs with the
presence of seven periodontal bacteria in subjects with CP.

2. Materials and Methods

2.1. Subjects. This case-control association study comprised
500 unrelated Caucasian subjects of exclusively Czech eth-
nicity from the South Moravian Region. Subjects with CP
(number of subjects, N = 329) were recruited from the Peri-
odontology Department, Clinic of Stomatology, St. Anne’s
Faculty Hospital, Brno, over the period of 2013-2018.
Healthy nonperiodontitis controls (N =171) were selected
from patients who had been referred to the Clinic of Stoma-
tology for reasons other than periodontal disease (such as
preventive dental check-ups, dental decay, and orthodontic
consultations) during the same period as CP patients, and
they were of similar age, gender, and smoking status. Sim-
ilarly, like the patients, all controls were in good systemic
health and had minimally 20 remaining teeth. The exclu-
sion criteria included the presence of diabetes mellitus,
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Tasie 1: Demographic data of CP patients and healthy
nonperiodontitis controls.

Characteristics Controls (N=171)  CP (N =329)
Age (mean + SD, years) 47.56 4 11.80 54.03+ 899"
Gender (males/females) 82/89 150/179

Smoking (no/yes) (%) 73.68/26.32 72.49/27.18
BMI (mean + SD, kgm %) 25454361 2620+3.77
PD (mean + SD, mm) 1.21+0.24 326+081°
AL (mean + SD, mm) 1.33+021 394+ 1.05
PI (mean +SD, mm) 0.34+0.14 0.83+0.49"
GI (mean +SD, mm) 0384031 0.81+0.36"

AL =attachment loss; CP=chronic periodontitis; Gl =gingival index
N=number of subjects; PD=probing depth; Pl=plaque index
SD =standard deviation. *P<0.05.

cardiovascular disorders (such as hypertension or coronary
artery diseases), immunodeficiency, current pregnancy or lac-
tation, malignant diseases, immunosuppression due to medi-
cation or concurrent illness, the use of anti-inflammatory
drugs or antibiotics during a six-week recruitment period,
and the inability to consent [25].

Clinical diagnosis of nonperiodontitis/periodontitis was
based on a thorough examination (PI=plaque index,
GI=gingival index, etc), medical/dental history, tooth
mobility, and radiographic evaluation. Probing depth (PD)
and attachment loss (AL) were collected with a UNC-15 peri-
odontal probe from six sites on every tooth present. The loss
of the alveolar bone was determined radiographically, and
the decrease in alveolar bone levels was assessed with the
Miihlemann index [24]. All participants, no matter whether
they agreed or declined to participate or were excluded from
the study, were offered periodontitis treatment. The patients
were firstly examined by a periodontist, and they had not
received scaling and/or root planing minimally six months
before measuring periodontal indices [25].

According to their smoking history, the subjects were
split into the following groups: nonsmokers (subjects who
never smoked) and smokers (former smokers for =5
pack-years or current smokers). The pack-years were calcu-
lated by multiplying the number of years of smoking by the
average number of cigarette packs smoked per day [23].
The demographic data of the studied subjects are shown in
Table 1.

22. Genetic Analysis. Genomic DNA was isolated from
peripheral blood by a standard protocol. It was archived in
the DNA bank at the Department of Pathological Physiology,
Faculty of Medicine, Masaryk University, Brno, Czech Repub-
lic. Three SNPs in the CXCR2 gene (+785C/T (rs2230054),
+1208C/T (rs1126579), and +1440A/G (rs1126580)) were
analyzed.

For detection of SNP in the CXCR2 gene at position
+785C/T (rs2230054), the original restriction fragment
length polymorphism (RFLP-PCR) method with mismatch
primers was introduced. Primers were designed by the
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Primer30utput program. PCR was carried out in a volume of
25 uL containing 100 ng of genomic DNA, 0.5 uM of each
primer (Fwd: 5'-TCGTCCTCATCTTCCCGCT and Rev:
5'-GGAGTCCATGGCGAAACTTC), 4U of Tag DNA
polymerase (Thermo Scientific, Waltham, USA), 2mM of
MgCl,, MgCl,-free reaction buffer with NH,SO, (Thermo
Scientific, Waltham, USA), and 0.5mM deoxyribonucleoside
triphosphate mix (Thermo Scientific, Waltham, USA). Dena-
turation for 5 min at 95°C was followed by 35 cycles of 95°C for
1 min, 58°C for 1 min, and 72°C for 1 min. The last synthesis
step was extended to 7min at 72°C. The restriction of the
PCR product (210 bp) was performed in a volume of 25 ulL
consisting of 15 uL of the PCR product, 10x CutSmart Buffer,
and 4 U of BsrBI enzyme (New England Biolabs, Hitchin,
United Kingdom), and incubation was done overnight at
37°C. The length of products after restriction digestion was
210bp for the TT genotype, 210bp + 193 bp + 17bp for CT,
and 193 bp + 17 bp for CC. The fragments were visualized by
3.0% agarose gel electrophoresis by ethidium bromide. Sizing
of the product was performed using a GeneRuler™ 50bp DNA
Ladder (Thermo Scientific, Waltham, USA).

SNP +1208C/T (rs1126579) in the CXCR2 gene was geno-
typed using the 5’ nuclease TagMan® assay C_8841198_10 for
allelic discrimination according to the manufacturer's
instructions (Life Technologies, Grand Island, NY, USA).
Allele genotyping from fluorescence measurements was then
obtained using the ABI PRISM 7000 Sequence Detection
System. SDS version 1.2.3 software was used to analyze
real-time and endpoint fluorescence data.

The +1440A/G (rs1126580) SNP was genotyped by
allele-specific PCR analysis according to the previously pub-
lished method [26], with a slight modification. A set of
appropriate sequences of allele-specific primers and control
primers was used: for the allele-specific DNA fragment
(Fwd: 5'-AGGCTGGCCAACGGGG/A and Rev: 5'-TCAT
AGCAGCTTATTCACAAGAC) and for the control DNA
fragment (Fwd: 5" TGCCAAGTGGAGCACCCAA and
Rev: 5'-GCATCTTGCTCTGTGCAGAT). There is a differ-
ence between the sequences of the allele-specific primers used
in our study and those in the work of Renzoni et al. [26]. The
length of amplified DNA fragments was also different. The
presence of an allele-specific band (435bp) of the expected
size in conjunction with a control band (796 bp) was consid-
ered to be positive evidence for each particular allele. The
absence of an allele-specific band and the presence of a con-
trol band were considered to be a negative indication for a
particular allele. Briefly, PCR was carried out in a volume of
25 uL. containing 100 ng of genomic DNA, 0.5 uM of each
allele-specific primer, 0.4 uM of each control primer, 2.5U
of Tag DNA polymerase (Thermo Scientific, Waltham,
USA), 2mM of MgCl,, MgCl,-free reaction buffer with
NH,SO, (Thermo Scientific, Waltham, USA), and 0.5mM
deoxyribonucleoside triphosphate mix (Thermo Scientific,
Waltham, USA). Denaturation for 5min at 95C was
followed by 35 cycles of 95°C for 1 min, 62°C for 1 min, and
72°C for 1 min. The last synthesis step was extended to
7 min at 72°C. The fragments were visualized by 2.0% agarose
gel electrophoresis by ethidium bromide. Sizing of the

product was performed using a GeneRuler™ 50bp DNA
Ladder (Thermo Scientific, Waltham, USA).

2.3. Microbial Analysis. The analyses of seven selected peri-
odontal bacteria based on a DNA microarray detection kit
(Protean Ltd., Ceske Budejovice, Czech Republic) have been
described previously [24, 27]. The presence of bacterial colo-
nization (A. actinomycetemcomitans, T. forsythia, P. gingiva-
lis, T. denticola, Parvimonas micra, Prevotella intermedia,
and Fusobacterium nucleatum) in subgingival pockets was
examined in a subgroup of 162 CP patients before subgingi-
val scaling. Bacterial load was assessed semiquantitatively: (-)
undetected, corresponding to a number of bacteria less than
10%; (+) slightly positive, which corresponds to a number of
bacteria from 10° to 10%; (++) positive, corresponding to a
number of bacteria from 10* to 10°; and (+++) strongly
positive, corresponding to a number of bacteria exceeding
10° [28]. The diagnosis of the specific bacterial infection
was considered positive when the number of bacterial cells
surpassed 10° [23].

2.4. Statistical Analysis. Standard descriptive statistics were
applied: mean with standard deviations (SD) or median with
quartiles for quantitative variables and absolute and relative
frequencies for categorical variables. One-way analysis of
variance (ANOVA) or Kruskal-Wallis ANOVA was per-
formed to compare continuous variables among the groups.
The allele frequencies were calculated from the observed
numbers of genotypes. The differences in the allele frequen-
cies were compared by the Fisher exact test, and genotype/ha-
plogenotype frequencies and Hardy-Weinberg equilibrium
(HWE) were tested by the y* test. To examine the linkage dis-
equilibrium (LD) between polymorphisms, pairwise LD coef-
ficients (D) and haplotype frequencies were calculated using
the SNP Analyzer 2 program (http://snp.istech.info/istech/
board/login_form jsp). Odds ratio (OR), confidence intervals
(CI), and Pvalues were calculated. Pvalues less than0.05 were
considered statistically significant. Where appropriate, the
Bonferroni correction was used to adjust the level according
to the number of independent comparisons to the overall
value 0f0.05. Theadjusted P values are denoted as P,,,. Power
analysis was performed with respect to the case-control design
of the study, taking the incidence rate of markers. Statistical
analysis was performed using the statistical package Statistica
v. 13 (StatSoft Inc., USA).

3. Results

3.1. Case-Control Study. Our population sample consisted of
232 males and 268 females (CP patients 45.6%/54.4%,
controls 48.0%/52.0%). 26.3% of CP patients and similarly
27.2% of healthy nonperiodontitis controls were smokers
(P>0.05). No significant differences in means of the body
mass index (BMI) between CP patients and controls
(P>0.05 mean+SD: 2545 +3.61kg m~? vs. 26.2043.77
kgm, respectively) were detected. Groups of cases and
controls were different according to PD, AL, PI, and GI
(P<0.01); in CP patients, all mean values were higher
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4 Mediators of Inflammation
Tasre 2: CXCR2 genotype and allele frequencies in CP patients and healthy nonperiodontitis controls.

g;enfgpﬁ NED:] :trio(l:s) N= ;::; (%) Pvelee OR (%% CD

CXCR2 +785

cC 41 (24.0) 81 (24.6) — 1.00

CcT 93 (54.4) 166 (50.5) 0.37 0.90 (0.57-1.42)

TT 37 (21.6) 82 (24.9) 039 1.12 (0.65-1.93)

C allde 175 (51.2) 328 (49.8) - 1.00

T allele 167 (48.8) 330 (50.2) 037 1.05 (0.81-1.37)

CXCR2 +1208

cC 45(26.3) 91(27.7) — 1.00

CT 90 (52.6) 174 (52.9) 047 0.96 (0.62-1.48)

T 36(21.1) 64 (19.5) 0.37 0.88 (0.51-1.51)

C allde 180 (52.6) 356 (54.1) — 1.00

T allele 162 (47.4) 302 (45.9) 0.35 094 (0.73-1.22)

CXCR2 +1440

AA 35(20.5) 59 (17.9) - 1.00

AG 89 (52.0) 171 (52.0) 0.34 1.14 (0.70-1.86)

GG 47 (27.5) 99 (30.1) 0.25 1.25 (0.73-2.15)

A allele 159 (46.5) 289 (43.9) —_ 1.00

G allele 183 (53.5) 369 (56.1) 0.24 1.11 (0.85-1.44)

CI = confidential interval; CP = chronic periodontitis; N = number of subjects; OR = odds ratio.

than those in controls. The demographic data of the stud-
ied subjects are given in Table 1.

The sample size of the study was optimized to reach
relevant detectable effect size keeping the standard level of
statistical errors, i.e., type I error 0.05 and type II error 0.20
or power of the test 0.80, respectively. The power calculation
was optimized on the basis of the Fisher exact and
goodness-of-fit tests as statistical tools used in comparing
the principal endpoints in the study. Regarding the back-
ground relative frequency of the examined phenomenon as
50%, the reached sample size (171 controls, 329 cases, con-
trol : case ratio approx. 0.5) enabled to distinguish the differ-
ence in relative distribution of any entity (+13%) as
statistically significant. Similarly, regarding the mean relative
frequency as 50%, the study is able to detect difference
(+13%) with 95% confidence.

3.2, SNPs and Haplotype Analysis. The studied polymor-
phisms +785C/T (rs2230054), +1208C/T (rs1126579), and
+1440A/G (rs1126580) were in HWE in the control group
(P >0.05). No significant differences of all allele and geno-
type frequencies between the CP and control groups were
found (see Table 2).

The distribution of genotype frequencies of all studied
CXCR2 gene variants was similar between men and women
(data not shown). The SNPs in the CXCR2 gene (+785C/T
(rs2230054), +1208C/T (rs1126579), and +1440A/G
(rs1126580)) were in very tight LD with each other to var-
ious degrees (|D'|=0.72-0.94). Only the haplogenotype
TCA/TTG was found more frequently in CP patients than
in controls (0.0% vs. 2.4%, P <0.05, P_,, >0.05), but the
number of subjects in both groups was very low. In our

population, no other association between CXCR2 haplotypes
or haplogenotypes and CP was found (P > 0.05 for both, see
Tables 3 and 4, respectively).

3.3. Microbial Analysis. There were no relationships between
variability in the three studied CXCR2 SNPs and the presence
of seven periodontal bacteria in 162 CP patients, and only A.
actinomycetemcomitans was marginally associated with
CXCR2 +785C/T SNP (P=0.06). A. actinomycetemcomitans
occurred more frequently in men positive for the C allele
of the CXCR2 +785C/T polymorphism (61.8% vs. 41.1%,
P <005 OR=231, 95% CI=1.03-520) and for the T
allele of the CXCR2 +1208C/T wvariant (61.8% vs. 38.9%,
P <0.05; OR =254, 95% CI=1.13-571). The presence of
P. micra was marginally associated with the T allele of
+1208 SNP for the group of male CP patients (49.0% vs.
27.3%, P=005 OR=256, 95% CI=0.93-7.08; see
Table 5). In contrast, there were no differences between
the frequencies of CXCR2 gene variants and the presence
of periodontal bacteria in the group of CP women
(P> 0.05, data not shown).

4. Discussion

Periodontal disease is characterized by inflammatory pro-
cesses of tissues surrounding the teeth in response to bacte-
rial stimulation. This inflammatory process is responsible
for the progressive loss of the collagen attachment of the
tooth to the alveolar bone, leading to bone loss [29]. Accord-
ing to the statistical report by the Ministry of Health of the
Czech Republic, 15-20% of the Czech population aged
35-44 years suffered from periodontal disease in 2014 [30].
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Tasire 3: Estimated frequencies (%) of CXCR2 haplotypes in CP patients and healthy nonperiodontitis controls.

CXCR2 +785C/T CXCR2 +1208C/T CXCR2 +1440A/G Controls (N =171) CP (N =329) P value OR (95% CI)
C T G 423 414 0.79 0.96 (0.74-1.26)
T C A 396 379 0.62 0.94 (0.72-1.22)
T C G 5.8 8.3 0.14 1.49 (0.87-2.56)
C C A 47 5.3 0.73 L.11 (0.60-2.09)
T T G 28 37 0.53 1.28 (0.58-2.81)
C C G 25 26 0.92 1.04 (0.46-2.34)
C T A 1.6 0.6 0.10 0.31 (0.07-1.30)
T T A 0.6 0.3 0.52 0.52 (0.07-3.70)
ClI = confidential interval; CP = chronic periodontitis; N = number of subjects; OR = odds ratio.

TasLe 4: Distribution of CXCR2 haplotypes (arranged as genotypes) in CP patients and healthy nonperiodontitis controls.

i{;gshff;g;y ffsuomss +1208 +1440 NEO;I;O:;} N= ;:21; (%) P valne OR (95% CI)
CTG/ICTG 27 (15.8) 52(15.8) 0.55 1.00 (0.60-1.66)
CTG/TCA 67 (39.2) 128 (38.6) 051 0.99 (0.68-1.44)
CTG/TCG 6(3.5) 12 (3.6) 0.58 1.04 (0.38-2.82)
CTG/CCA 5(2.9) 11(3.3) 052 1.15 (0.39-3.36)
CTG/TTG 6(3.5) 5(15) 0.13 0.42 (0.13-1.41)
CTG/CCG 6(3.5) 11(3.3) 0.55 0.95 (0.35-2.62)
CTG/CTA 2(12) 2(0.6) 0.42 0.52 (0.07-3.70)
CTG/TTA 0(0.0) 2(0.6) 043 ‘
TCA/TCA 21(12.3) 42 (12.8) 0.50 1.05 (0.60-1.83)
TCATCG 12 (7.0) 21 (6.4) 0.46 0.90 (0.43-1.88)
TCA/CCA 9(5.3) 13 (4.0) 032 0.74 (0.31-1.77)
TCA/TTG 0(0.0) 8(24) 0.03" ‘
TCA/CCG 3(18) 5(15) 055 0.86 (0.20-3.66)
TCA/CTA 2(12) 0(0.0) 0.12 ‘
TCA/TTA 2(12) 0(0.0) 0.12 ‘
TCGITCG 0(0.0) 5(15) 0.12 ‘
TCGITTG 1(0.6) 3(09) 0.58 1.56 (0.16-15.15)
TCG/ICCG 0(0.0) 1(0.3) 0.66 ‘
CCA/CCA 0(0.0) 3(09) 0.28 ‘
CCA/CCG 0(0.0) 1(0.3) 0.95 ‘
CCA/CTA 1(0.6) 1(0.3) 057 0.52 (0.03-8.34)
TTG/TTG 1(0.6) 3(0.9) 0.58 1.56 (0.16-15.15)

CI = confidential interval; CP = chronic periodontitis; N = number of subjects; OR= odds ratio. *P <0.05 by the Fisher exact test (without correction for
multiple comparisons), but there isa low N in both groups. "OR not calculated because of the presence of zero,

Chemokines and their receptors play important roles in
immunological responses, and thus their genetic contribu-
tion to various human inflammatory disorders needs investi-
gation [31]. Several reports have suggested that the CXCR2
variants might influence the susceptibility to chronic inflam-
matory conditions, especially rheumatoid and respiratory
diseases [32-35]. The CXCR2 gene variability has been asso-
ciated with several disorders like systemic sclerosis and cryp-

obstructive pulmonary disease [32]. In Slovakia, children
with the SNP +1208T allele were significantly unrepresented
in the recurrent acute pyelonephritis subgroup, and the car-
riage of the T allele (TT+CT genotypes vs. CC genotype)
was linked with a reduced risk of developing this disease
[36]. Moreover, analysis of SNP +1208 with serum levels of
IL-8, its endogenous ligand, supports an interaction whereby
the variant +1208T allele and high serum IL-8 confer syner-
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TasLe 5: CXCR2 gene variants and the presence of periodontal bacteria in 62 male CP patients.

% CXCR2 +785 CXCR2 +1208 CXCR2 +1440
Allele frequencies (%) c T C T A G
A . F Neg. N=90 41.1 589 61.1 389 45.6 544
achnamyce temcomutans
Pos. N =34 61.8° 382 38.2 618" 294 70.6
Neg. N=14 35.7 64.3 50.0 50.0 35.7 64.3
T. forsythia
Pos.N =110 48.2 518 55.5 44.5 41.8 58.2
o Neg. N =38 47.4 526 55.3 447 36.8 63.2
P. gingivalis
Pos. N = 86 46.5 535 54.7 453 43.0 57.0
Neg. N=40 525 47.5 47.5 52.5 40.0 60.0
T. denticola
Pos. N = 84 4.0 56.0 58.3 41.7 417 58.3
Neg. N =22 318 68.2 2.7 273 409 59.1
P. micra
Pos. N = 102 50.0 50.0 51.0 49.0* 412 58.8
Neg. N=56 50.0 50.0 53.6 46.4 35.7 643
P. intermedia
Pos. N =68 44.1 559 55.9 44.1 45.6 544
Neg. N =2 0.0 100.0 100.0 0.0 0.0 100.0
F. nucleatum
Pos. N = 122 475 525 54.1 459 418 58.2

N =number of alleles; Neg. = negative; Pos. = positive. *P< 0,05,

were previously investigated in Brazilian patients with CP
[21]. We detected similar allele, genotype, and haplotype fre-
quencies of the all studied CXCR2 gene polymorphisms
between CP patients and controls (P> 0.05). In contrast,
the +1440GG genotype, originally described by Viana et al.
[37], was suggested as a protective factor against CP in
Brazilians [21]. The differences between the results in the
Czech and Brazilian study [21] could be caused by the
interpopulation variability. The CXCR2 +1440 minor allele
frequencies were found to be 46.5% in Czech healthy non-
periodontitis controls vs. 57.4% in Brazilian controls [21].
However, our result is in line with the minor allele fre-
quency (43.3%) in the European population [38].

If we arranged haplotypes as genotypes, the carriers of the
TCA/TTG (or TTG/TCA) variant seemed to be more suscep-
tible to CP development (P < 0.05). On the other hand, the
number of carriers of this haplogenotype is too small to dem-
onstrate any significant association with CP after correction
for multiple comparisons. Viana et al. found that patients
carrying the haplotypes TCA and CCG were more prede-
termined to CP development, whereas CCA and TCG
haplotypes seemed to be protective against CP. In addi-
tion, white nonsmoking patients carrying the CTG/TCA
variant were more likely to develop periodontal disease,
whereas CTG/TCG patients seemed to be protected [21].
Our result matches with a comparable finding elsewhere:
TTG/TCA and CTG/TCA haplotypes were associated with
CP risk in two different populations, ie., the Czech and
Brazilian [21]. In addition, no CTG/TCG haplotype carrier
was present in our population.

A lot of studies have focused on the relationship between
the selected gene variants and the presence of periodontal
bacteria studied in the recent review and meta-analysis by
Nibali et al. [39]. Evidence suggests that genetic factors can
influence periodontitis risk, modulating disease elements

such as the susceptibility to microbial colonization and the
nature of subsequent host-microbe interaction [40, 41]. Our
previous research into IL-8 gene polymorphisms in CP and
aggressive periodontitis (AgP) patients shows the association
between IL-8 genotypes and the occurrence of specific
periodontal bacteria [24]. In our earlier study, we reported
significant differences in the colonization of the oral cavity
with P. gingivalis (70.5% in CP patients vs. 28% in con-
trols), T. forsythia (92.3% in CP patients vs. 56.3% in con-
trols), and P. micra (87.2% in CP patients vs. 56.3% in
controls) between CP patients and healthy controls [28].
We also determined that IL-17A -197A/G (rs2275913)
polymorphism was associated with the presence of T. for-
sythia and T. denticola in CP patients [27] and that [L-4
gene polymorphisms in CP patients could predispose to
altered cytokine production after bacterial stimulation [42].

Although A. actinomycetemcomitans is more often asso-
ciated with AgP than with CP, Gaetti-Jardim et al. [43]
detected the bacteria by the PCR method in 44% of CP
patients. In the Brazilian study, the IL-4 haplotypes, but not
the IL-8 haplotypes, were associated with the presence of A.
actinomycetemcomitans in CP patients [41]. Nibali et al.
reported an association between the variability in the IL-6
gene and A. actinomycetemcomitans in CP patients. The
strong association of IL-6 -174 GG homozygotes with the
presence of A. actinomycetemcomitans in all subjects and in
the subgroup of only white subjects was observed [42]. In
our preliminary study, no significant association between
the CXCR2 +1208C/T (rs1126579) SNP and IL-8 plasma
levels and the occurrence of the selected periodontal bacteria
in 41 CP patients was found [24]. This result was confirmed
in the present study on a larger sample size (N = 162). After
the gender stratification, the presence of A. actinomycetemco-
mitans was significantly associated with CXCR2 +785C/T
and CXCR2 +1208C/T SNPs, but only in Czech men.
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5. Conclusions

This study did not confirm any significant association
between the investigated SNPs in the CXCR2 gene and
chronic periodontitis. However, the CXCR2 gene variants
can be associated with subgingival colonization of the
selected G- bacteria in men with CP in the Czech population.
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out genetic analysis.

IL-17 contributes to the pathogenesis of TIDM and CP. Neverthless, no previous study has
investigated /L-17 gene variability in TIDM patients so far and only a few studies have
reported a relationship between polymorphisms in the /L-17 gene and periodontitis with
contradictory results (Corréa et al., 2012; Kadkhodazadeh et al., 2013a,b; Saraiva et al.,
2013; Zacarias et al., 2015).

The aim of this study was to investigate the possible association of /L-174 and IL-17F
rs763780 gene variants with TIDM and/or CP. In addition, /L-/74 SNP was examined in
relation to the occurrence of selected periodontal bacteria in subgingival pockets and
production of IL-17 by mononuclear cells in a subgroup of CP patients and a non-
periodontitis HC.

In total 523 subjects were included in this case-control study. 125 T1DM patients, 244 CP
patients and 154 non-periodontitis HC were genotyped using the TagMan PCR method for
IL-17A4 1s2275913 and IL-17F rs763780 polymorphisms. Subgingival bacterial colonization
was analyzed with a DNA microarray detection kit in an external laboratory (Stomagene,
Ceské Budgjovice, Czech Republic). The levels of IL-17 were measured using Luminex
methods in subgroups of TIDM+CP patients, CP patients, and the non-periodontitis HC.
Isolation, cultivation, and stimulation of PBMCs by selected periodontal bacteria
(4. actinomycetemcomitans, P. gingivalis, P. intermedia, and T. forsythia), mitogens or
HSP70, were described in our previous study (Bartova et al., 2014).

Although no differences in the allele/genotype frequencies between patients with CP and
TIDM+CP were found, the /L-174 1s2275913 A allele increased the risk of T1DM (P<0.05,
OR=1.36, 95%CI1=0.96-1.92). IL-17F rs763780 TT genotype occurred in 93.7%
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Carriers of IL-17A4 1s2275913 AA genotype had an increased risk of 7. forsythia occurrence
(in CP patients, P<0.05). In unstimulated PBMCs and also in cells stimulated by P. gingivalis
of CP cariers with AA+AG genotypes a higher production of IL-17 was recorded than in GG
homozygotes (P<0.05 in both). Production of IL-17 was significantly associated with /L-17A4
rs2275913 polymorphism in the unstimulated mononuclear cells from the pool of CP
patients and the HC (P<0.05).

The recent meta-analysis by da Silva et al. (2017) showed a non-
significant association between IL-174 152275913 or IL-17F 1s763780 polymorphisms
and CP in the allelic evaluation. Our study was included in the analysis and no bias of
publication was observed by Egger's and Begg's tests in any allelic evaluation (da Silva et al.,

2017).
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Interleukin-17 contributes to the pathogenesis of type 1 diabetes mellitus (T1DM) and chronic periodontitis (CP). We analyzed IL-
17A —197A/G and IL-I7F +7488C/T polymorphisms in TIDM and CP and determined their associations with IL-17 production
and occurrence of periopathogens. Totally 154 controls, 125 TIDM, and 244 CP patients were genotyped using 5' nuclease
‘TagMan® assays. Bacterial colonization was investigated by a DNA-microarray kit. Production of IL-17 after in vitro stimulation of
mononuclear cells by mitogens and bacteria was examined by the Luminex system. Although no differences in the allele/genotype
frequencies between patients with CP and TIDM + CP were found, the IL-174 —197 A allele increased the risk of TIDM (P < 0.05).
Levels of HbAlc were significantly elevated in carriers of the A allele in TIDM patients (P < 0.05). Production of IL-17 by
mononuclear cells of CP patients (unstimulated/stimulated by Porphyromonas gingivalis) was associated with IL-17A A allele
(P < 0.05). IL-17A polymorphism increased the number of Tannerella forsythia and Treponema denticola in patients with CP
and TIDM + CP, respectively (P < 0.05). IL-17A gene variability may influence control of TIDM and the “red complex” bacteria
occurrence in patients with CP and TIDM + CP. Our findings demonstrated the functional relevance of the IL-17A polymorphism
with higher IL-17 secretion in individuals with A allele.

1. Introduction

Type 1 diabetes mellitus (TIDM) is an autoimmune disease
caused by T cell-mediated destruction of pancreatic f8 cells
resulting in the absence of insulin and uncontrolled hyper-
glycemia. A complex interplay between genetic and environ-
mental factors participates in developing of TIDM and mani-
festation of its systemic and oral complications. Periodontitis
has been identified as the sixth complication of diabetes; the
other five complications are retinopathy (DR), nephropathy

(DN), neuropathy (DPN), macrovascular disease, and poor
wound healing [1]. Periodontitis is a chronic infection char-
acterized by progressive inflammatory response to bacteria
in dental plaque, which finally results in periodontal tissue
destruction and tooth loss. The relationship between diabetes
mellitus and periodontitis has been reported previously [2].
Chronic hyperglycemia induces a proinflammatory state in
the gingival microcirculation characterized by an increased
vascular permeability, and leukocyte and endothelial cell acti-
vation, which may contribute to periodontal tissue damage
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in diabetes mellitus [3]. Chronic periodontitis (CP) is more
frequent in TIDM patients and can worsen its metabolic con-
trol [4, 5]. Nevertheless, molecular mechanisms responsible
for periodontal disease and its progression in TIDM patients
remain unknown.

Although individuals at risk for TIDM are recognized
by screening for HLA-associated risk genotypes and
cell autoantibodies, recently the pathogenic role of IL-17-
secreting T helper 17 (Th17) cells has been implicated in
the development of TIDM [6-8]. The IL-17 cytokine family
consists of six cytokine members designed from IL-17A
(originally cloned and named CTLA-8), IL-17B, IL-17C, IL-
17D, IL-17E, and IL-17F, according to the order of their
discoveries. IL-17A and IL-17F, the most studied members in
the IL-17 family, are located close to each other on human
chromosome 6, sharing the highest amino acid sequence
identity (50%) and similar functions. They are primarily
involved in autoimmune responses, tumor development, and
host defense against bacterial and fungal infections by acti-
vating epithelial innate immune responses and production
of antimicrobial peptides, cytokines (e.g., IL-6 or TNF-a),
chemokines (e.g., IL-8), and cartilage degrading metallopro-
teinases as well as cytokines promoting osteoclastogenesis
that results in bone destruction [9-11].

Several lines of evidence suggest that IL-17 plays a role
in human diabetes. Bradshaw et al. [12] observed that mono-
cytes isolated from TIDM patients induced more IL-17 pro-
ducing T cells compared with healthy controls. They also
observed significantly increased IL-17 producing T cells in
peripheral blood of patients with long standing TIDM [12].
Arif et al. [13] demonstrated that activation of IL-17 pathway
accelerated pancreatic 8 cell apoptosis and led to autoim-
mune diabetes. They observed significantly elevated IL-17A
expression in pancreas from newly diagnosed TIDM patients.
In addition, peripheral blood lymphocytes from TIDM
patients had elevated IL-17A and IL-17F expression [14].

The emerging role of IL-17 in periodontal disease was also
discussed in a recent study, based on evidence from human
and animal models [15]. Upregulated IL-17A gene expression
has been observed in patients with CP, suggesting that the net
effect of IL-17 signaling promotes the disease development
[16-22]. Additionally, IL-17RA deficient mice were found
more susceptible to Porphyromonas gingivalis (Pg.), causal
Gram-negative bacteria of the “red complex” [23, 24]. Based
on the fact that increased IL-17 levels occur in the gingival
tissue of patients with periodontal disease [25-27], Park et
al. [28] hypothesized that Pg. lipopolysaccharide (LPS) might
mediate IL-17 release from human periodontal ligament cells.

Despite the important role of IL-17 cytokine in TIDM
and CP pathogenesis, no study has investigated IL-17 gene
variability in TIDM patients so far and only a few studies
have reported a relationship between polymorphisms in the
IL-17 gene and periodontitis with contradictory results [29-
33]. Therefore, in the present study, we aimed to investigate
the association of IL-17A =197A/G (rs2275913) and IL-I7F
+7488C/T (Hisl6lArg, rs763780) gene polymorphisms with
TIDM and/or CP. In addition, IL-17A single nucleotide poly-
morphism (SNP) was examined in relation to the occurrence
of selected periodontal bacteria in subgingival pockets and
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production of IL-17 by mononuclear cells in a subgroup of
CP patients and healthy controls.

2. Material and Methods

The study was performed with the approval of the Commit-
tees for Ethics of the Medical Faculty, Masaryk University
Brno and St. Annes Faculty Hospital. Written informed
consent was obtained from all participants in line with the
Helsinki declaration before inclusion in the study.

2.1 Study Population and Clinical Examinations. In this
case-control study, 523 unrelated adult subjects from the
Czech Republic were included. One hundred and twenty-
five patients with TIDM were followed in the outpatient unit
of the Diabetology Clinics in South Moravia Region, Czech
Republic. The diagnosis of TIDM was originally based on the
presence of clinical symptoms (such as polyuria, polydipsia,
and weight loss) and biochemical parameters (glycemia,
ketoacidosis, and autoantibody status). All patients were
receiving intensified insulin therapy or insulin pump and
other medicaments according to the presence of diabetic
complications, such as DN, DR, DPN, and other comorbidi-
ties as described on a part of our cohort previously [34].
Duration of diabetes was defined as the period from diabetes
onset until the enrolment in this study. Levels of glycemia,
glycated hemoglobin (HbAlc), total cholesterol, triglycerides,
high density lipoprotein (HDL), low density lipoprotein
(LDL), body mass index (BMI), and further parameters
were recorded. The periodontal status was evaluated in a
subgroup of 38 diabetic patients, 154 healthy controls, and
244 CP subjects recruited from a patient pool of the Clinic
of Stomatology, St. Anne’s Faculty Hospital Brno, from 2005
to 2015. The controls were selected from subjects referred to
the Clinic of Stomatology for reasons other than periodontal
disease (such as dental caries, orthodontic consultations,
and preventive dental checkups) during the same period as
patients and matched for age and gender. Exclusion criteria
were history of systemic diseases such as cardiovascular
disorders (e.g., coronary artery diseases), diabetes mellitus,
malignant diseases, immunodeficiency, and current preg-
nancy or lactation.

The diagnosis of periodontitis/nonperiodontitis was
based on the detailed clinical examination, medical and den-
tal history, tooth mobility, and radiographic assessment as
described in our previous study [35].

2.2, Genetic Analysis. Isolation and storage of DNA and
genotyping of samples were conducted in the laboratory of
the Department of Pathophysiology, Faculty of Medicine,
Masaryk University, Brno, Czech Republic.

Genotyping of two SNPs in IL-17, IL-I7A —197A/G
(rs2275913), and IL-I7F +7488C/T (Hisl61Arg, rs763780) was
based on polymerase chain reaction using 5 nuclease Taq-
Man assays (C_15879983_10, C_2234166_10, resp.). Reaction
mixture and conditions were designed according to the man-
ufacturer’s instructions (Thermo Fisher Scientific, Waltham,
MA, USA) and fluorescence was measured using the ABI
PRISM 7000 Sequence Detection System. SDS version 1.2.3
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TabLE 1: Demographic data of the healthy controls and the studied subjects with CP, TIDM (and the TIDM + CP subgroup).
Controls cp TIDM TIDM + CP
e N =154 N =244 N =125 N =38
Age (mean years £ SD) 485+10.7 525+98 464 £138 499 £10.6
Sex (males/females) 75179 112/132 67/58 16/22
Smoking (no/yes, %) 711/28.9 73.9/26.1 78.9/21.1° 78.9/211
BMI (mean + SD) 232+ 46 264 +37 50+49 253+131
Duration of DM — - 228103 2401113
(mean years + SD)
HbAlc (mmol/mol, mean + SD) — — 76.5 173 69.9 £11.4
DN (no/yes, %) —_ —_ 52.9/471 71.9/28.1
DR (no/yes, %) —_ —_ 30.4/69.6 42.4/57.6
DPN (no/yes, %) — — 39.3/60.7 47.1/52.9

BMI = body mass index, CP = chronic periodontitis, DN = diabetic nephropathy, DPN = diabetic peripheral neuropathy, DR = diabetic retinopathy, HbAlc =
Ftycated hemaoglobin, N = number of subjects, SD = standard deviation, and TIDM = type 1 diabetes mellitus.

Smoking status is known only in TIDM patients with CP.

software was used to analyze real-time and endpoint fluores-
cence data.

2.3. DNA-Microarray Analyses of Oral Pathogens. DNA-
microarray analyses of oral pathogens based on a periodontal
pathogen detection kit (Protean Ltd, Ceske Budejovice,
Czech Republic) were previously used and described [35].
Bacterial colonization [Aggregatibacter actinomycetemcomi-
tans (A.a.), Tannerella forsythia (Tf), Pg., Prevotella inter-
media (Pi.), Treponema denticola (T.d.), Peptostreptococcus
micros (Pi.), and Fusobacterium nucleatum (En.)] in subgin-
gival sulci/pockets was investigated in a subgroup of controls
(N = 51), CP patients (N = 182), and TIDM patients with
CP (N = 38) before subgingival scaling. This test determined
the individual pathogens semiquantitatively as follows: (-)
undetected, which corresponds to the number of bacteria less
than 10°, (+) slightly positive corresponding to the number of
bacteria 10° to 10%, (++) positive corresponding to the number
of bacteria 10* to 10°, and (+++) strongly positive, with the
number of bacteria higher than 10°.

2.4. Cultivation of Bacteria and Immunological Examination.
Cultivation of periodontopathic bacteria and immunological
examination were performed in the laboratory of the Institute
of Clinical and Experimental Dental Medicine, General
University Hospital and First Faculty of Medicine, Charles
University, Prague, Czech Republic.

IL-17 levels were measured in a subgroup of 15 healthy
controls and 30 patients with CP. IL-17 levels were determined
in mononuclear cells isolated from 20 mL of heparinized
blood using the Luminex multiplex method (Luminex 100TM
analyzer, R&D systems, USA). The isolation, cultivation, and
stimulation of cells by selected bacteria (A.a., T.f, Pg, and
Pi.) and mitogens or Heat Shock Protein (HSP) 70 were
described in detail in our previous article [36].

2.5. Statistical Analysis. Statistical analysis was performed
using the statistical package Statistica v. 10 (StatSoft Inc.,
USA). Standard descriptive statistics were applied in

the analysis: absolute and relative frequencies for categorical
variables and mean with standard deviation (SD) or median
with quartiles for quantitative variables. To compare
independent groups, one-way analysis of variance (ANOVA)
and Kruskal-Wallis (ANOVA) were performed to compare
continuous variables. The allele frequencies were calculated
from the observed numbers of genotypes. The differences
in the allele frequencies were tested by the Fisher-exact
test; Hardy-Weinberg equilibrium (HWE) and genotype
frequencies were calculated by the chi-square test ( f]‘ The
association was described by odds ratios (OR) with 95%
confidence intervals (95% CI). Only the values of P less than
0.05 were considered as statistically significant.

3. Results

3.1. Case-Control Study. The demographic data of the study
population are shown in Table 1. The mean ages and BMI
between the healthy controls and patient groups did not
differ significantly (P > 0.05). There were also no significant
differences between the subjects with TIDM or CP and the
controls relating to males/females ratio or smoking status.
All diabetic patients (N = 38) who were examined at the
Periodontology Department were affected by periodontitis.
Duration of DM and diabetic complications (DN, DR, and
DPN) in the whole diabetic cohort versus subgroup of TIDM
patients with CP were not statistically different.

3.2. SNPs Analysis. Both studied polymorphisms were in the
HWE in the control group (P > 0.05). Considering the
fact that, in the Czech population, SNP IL-I7F +7488C/T
(Hisl6lArg, rs763780) TT genotype occurred in 93.7%, we
analyzed this polymorphism only in the subgroup of subjects
(N = 190, data not shown).

The allele and genotype frequencies of the IL-17A
—197A/G (rs2275913) variant are shown in Table 2. While the
genotype frequencies were not different between the controls
and CP or TIDM patients, the A allele was marginally
associated with an increased risk to TIDM (P < 0.05,
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TABLE 2: IL-17A —197A/G (rs2275913) genotype and allele frequencies in healthy controls, patients with CP, TIDM (and the TIDM + CP

subgroup).

IL-17A -197 Controls cp TIDM TIDM + CP

Genotype N =154 N =244 g OR N =125 . OR N-38 . OR

and allele (%) (%) (95% CI) (95% CI) (%) (95% CI)
1.00 1.93 1.20

AA 1BU7) 203D 056 oo'o 23(B4) 005 oo 6(58) 046 o7y
0.77 126 071

AG nE6) 798 om0 @ 023 (o5 uGes) 0 .7

GG 65(422) 115 (471) 100  43(34.4) 1.00 18 (47.4) 1.00

AA+AG DO ‘:5”“5 1z ]"gs“s - 082  Bversus43 139 20versusl8 . 081

WRBEE oo s oiei) (055-1.23) (65.6/34.4) (0.85-2.27) (52.6/47.4) (0.40-1.65)
0.92 136 0.98

A 107 (34.7) 161 (33.0) i MUz (096107 260642 s ey

G 201(653) 327(670) 033 100 145(580)  0.05" 1.00 50(658) 037 1.00

CI = confidential interval, CP = chronic periodontitis, N = number of subjects, OR = odds ratio, and TIDM = diabetes mellitus type 1; * P value < 0.05 (in

comparison with healthy controls).

TasLE 3: Levels of HbAlc in correlation with IL-17A -197A/G
(rs2275913) genotypes in TIDM".

IL-17A -197 TIDM

Genolype N HbAlc (mmol/mol) P
Mean + SD

AA + AG 69 76.6 £ 16.5

GG 35 69.8 +13.9 0.03*

HbAlc = glycated hemoglobin, N = number of subjects, SD = standard
deviation, and TIDM = type 1 diabetes mellitus; * P value < 0.05 (parametric
test, ANOVA).

*Levels of HbAlc were available in 104 patients with TIDM.

OR = 136, 95% CI = 0.96-1.92). Moreover, mean levels
of HbAlc were significantly elevated in carriers of the A
allele (AA and AG genotypes in comparison to GG homozy-
gotes) in a group of TIDM patients (76.6 mmol/mol versus
69.8 mmol/mol, P < 0.05, Table 3).

Although no significant differences in the IL-17A allele or
genotype frequencies between patients with CP and healthy
controls were found in the whole set (Table 2), stratification
of subjects according to smoking status revealed the following
differences: in healthy subjects, the A allele frequency was
higher in smokers (P < 0.05, OR = 1.62, 95% CI = 0.97-2.70),
whereas, in CP patients, this allele was found more frequently
in nonsmokers (P < 0.05, OR = 0.64, 95% CI = 0.41-
1.02). Although a similar distribution of alleles or genotypes
between the groups of control nonsmokers versus CP non-
smokers was found, frequencies of the A allele (P < 0.01, OR
= 2.14, 95% CI = 1.19-3.83), AA genotype (P < 0.05, OR =
3.17,65% CI = 0.89-11.28), and AA + AG versus GG genotypes
(P < 0.05,0R =1.82, 95% CI = 0.81-4.09) were more frequent
in the control smokers in comparison with the smokers with
CP (Table 4). However, as the associations detected between
the given subgroups were only of borderline significance and
numbers of the individuals in the subgroups were small, the
results obtained should be interpreted carefully. A subanalysis

performed separately in the groups of females (N = 269)
and males (N = 254) showed no significant difference in the
IL-17A —197A/G (rs2275913) allele or genotype frequencies
(data not shown). Due to the small number of TIDM patients
with confirmed CP, this group was not analyzed according to
gender or smoking status.

3.3. Microbial Analysis. Possible links between the IL-I7A
—197A/G (rs2275913) variant and the occurrence of seven
selected periodontal bacteria in subgingival pockets were
analyzed. The IL-17A —197 A allele carriers had an increased
risk of T.f. occurrence in 182 CP patients (34.9% versus 19.6%,
P < 0.05, OR = 2.20, 95% CI = 1.03-4.73) and a similar
but nonsignificant trend was observed for the presence of Pi.
(36.0% versus 28.7%, P = 0.09, OR = 1.40, 95% CI = 0.89-
2.20). On the other hand, in patients with TIDM and CP
carrying A allele of the [L-17A -197 polymorphism, T.d. in
subgingival biofilm occurred less frequently than in subjects
without this allele (26.9% versus 50.0%, P < 0.05, OR = 0.37,
95% CI = 0.13-1.01, Table 5). In subgroups of nonsmokers,
the IL-17A -197 A allele carriers had an increased risk for
the occurrence of Pi. in patients with CP only (39.6% versus
28.7%, P < 0.05, OR = 1.63, 95% CI = 0.96-2.76, Table 5). The
IL-17A 197 SNP was not associated with the occurrence of
any other bacteria (including Pg.), from those seven selected
ones (data not shown).

3.4. Immunological Analysis. We analyzed IL-17 levels in rela-
tion to the IL-17A —197A/G (rs2275913) polymorphism in
selected patients with CP and healthy controls. The IL-17
levels were measured after a 3-day in vitro cultivation of
mononuclear cells, without or with stimulation by dental
plaque bacteria, mitogens, or HSP70 in the CP patients
(N = 30). Carriers of genotype with the A allele of IL-17A
—197A/G (rs2275913) SNP had a higher production of IL-17 by
unstimulated monocytes (0.98 pg/mL versus 0.27 pg/mL, P <
0.05) and also after stimulation with Pg. (L51 pg/mL versus
0.10pg/mL, P < 0.05) than GG homozygotes (Table 6).
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TasLE 4: [L-17A —197A/G (rs2275913) genotype and allele frequencies in healthy controls and patients with CP stratified by smoking status.

Control Control () cp
H-7A 357 nonsmokers smokers nonsmokers smokers
Genotype N = 108 N =44 N =173 N =61
and allele (%) (%) F (%) (%) P ” P
AA 10(9.2) 8(18.2) 28 (16.2) 4(6.6)
AG 49 (45.4) 22 (50.0) 67 (38.7) 24(39.3)
GG 49 (45.4) 14 (31.8) 016 78 (45.1) 33(54.1) 0.15 0.22 0.04"
AA + AG 59 versus 49 30 versus 14 95 versus 78 28 versus 33 -
versus GG (54.6/45.4) (68.2/31.8) 005 (54.9/45.1) (45.9/54.1) oM 0.0 0.02
A 69 (31.9) 38 (43.2) 123 (35.5) 32(26.2)
G 147 (68.1) 50 (56.8) 0.04" 223 (64.5) 90 (73.8) 0.04" 0.22 0.01"

CP = chronic periodontitis, N = number of subjects, and * P value < 0.05.
P* comparison of groups of nonsmokers.

P* comparison of groups of smokers.

TaBLE 5: The presence of bacteria in correlation with IL-17A —197A/G (rs2275913) polymorphism in patients with CP and TIDM + CP*.

TL-17A 107 cp CcP TIDM + CP
N = 182 (%) N = 182 (%) N =38 (%)

Ene;g]tﬂ]’: Tf neg Tf. pos P Pi. neg Pi. pos P Td. neg Td. pos P
AA 0(0.0) 24 (15.1) 0.02° 6(8.0) 18 (16.8) 0.07 3(25.0) 3(1L5) 0.14
AG 9(39.1) 63 (39.6) 033 31(41.3) 41(38.3) 0.51 6 (50.0) 8 (30.8) 01
GG 14 (60.9) 72 (45.3) 38 (50.7) 48 (44.9) 3(25.0) 15 (57.7)
AA + AG 9versus 14 87 versus 72 37 versus 38 59 versus 48 9versus3 11 versus 15
versus GG (39.1 versus  (54.7 versus 0.12 (49.3 versus  (55.1 versus 0.27 (75.0 versus  (42.3 versus 0.06

60.9) 453) 50.7) 44.9) 25.0) 577)
A 9(19.6) 111 (34.9) 43(28.7) 77 (36.0) 12 (50.0) 14 (26.9)
G 37 (80.4) 207 (65.1) 0.03" 107 (71.3) 137 (64.0) 0.09 12 (50.0) 38(731) 0.04"
IL-17A —197 CP nonsmokers CP nonsmokers TIDM + CP nonsmokers

N =131 (%) N =131 (%) N =30(%)

Sne;:]t]?]’: T.f neg Tf. pos P Pi. neg Pi. pos P Td. neg Td. pos P
AA 0(0.0) 20 (17.5) 0.06 4(74) 16 (20.8) 0.047 2(25.0) 3(13.6) 0.27
AG 8 (471) 44 (38.6) 0.59 23 (42.6) 29 (37.7) 0.51 4(50.0) 7(31.8) 0.21
GG 9(52.9) 50 (43.9) 27 (50.0) 32(416) 2(25.0) 12 (54.5)
AA+AG 8versus 9 64 versus 50 27 versus 27 45 versus 32 6versus2 10 versus 12
versus GG (471 versus  (56.1 versus 033 (50.0 versus  (58.5 versus 0.22 (75.0 versus  (45.4 versus 0.5

52.9) 43.9) 50.0) 41.6) 25.0) 54.5)
A 8(23.5) 84 (36.8) 31(28.7) 61 (39.6) 8 (50.0) 13 (29.5)
G 26 (76.5) 144 (63.2) 0.09 77 (71.3) 93 (60.4) 0.05° 8 (50.0) 31(70.5) 0.12

CP = chronic periodontitis, N = number of subjects, neg = negative, pos = positive, TIDM = type 1 diabetes mellitus, Pi. = Prevotella intermedia, T.d. =

Treponema denticola, T.f = Tannerella forsythia, and * P value < 0.05,

*Of the seven periodontal pathogens analyzed, only those with significant differences are shown.

In the healthy controls (N = 15), unstimulated IL-17 levels
were 0.10 (0.08-0.26) pg/mL (median; 25-75 quartiles) with-
out any significant relationship with IL-17A polymorphism.
After pooling both groups (N = 45), production of IL-17
was significantly associated with IL-17A polymorphism in
the unstimulated mononuclear cells (P < 0.05), but not
after stimulation by Pg. (P = 0.06, data not shown). IL-17A
—197A/G SNP had no significant effect on IL-17 production

after stimulation with other periodontal bacteria, HSP70,
and/or mitogens (data not shown).

4. Discussion
Inflammation is a physiological immune response triggered

during infection and injury in an attempt to prevent infec-
tion and promote regeneration. However, persistent and
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TaBLE 6: Levels of IL-17 in correlation with IL-17A ~197A/G (rs2275913) genotypes in patients with CP".

IL-17A =197 IL-17 unstimulated (pg/mL); median (25-75 quartiles)

Genotype N P

AA +AG 19 0.98 (0.25-8.53)

GG 11 0.27 (0.00-0.54) 0.04"

IL-17A =197 1L-17 stimulated by Pg. (pg/mL); median (25-75 quartiles)

Genotype N P

AA + AG 19 1.51 (0.50-4.56)

GG 1 0.10 (0.00-1.51) 0.02"

CP = chronic periodontitis, N = number of subjects, * p value < 0.05 (Kruskal-Wallis test, ANOVA), and Pg. = Porphyromonas gingivalis.

Levels of IL-17 were available in 30 patients with CP.
*Only significant differences were shown.

unwarranted inflammation can result in host tissue damage
[8]. Regulation of inflammation is a complex process, tightly
controlled by signaling messengers of the immune system,
such as cytokines. IL-17A and IL-17F, produced mainly by
Thi7 cells, have been found to be involved in the pathogenesis
of autoimmune diseases including diabetes and chronic
inflammation, such as periodontitis [12, 15, 37-41].

We evaluated IL-I7A -197A/G (rs2275913) and IL-I7F
+7488C/T (Hisl61Arg, rs763780) SNPs in a group of adults
with and without TIDM and/or CP from Czech population.
As the present study identified a low variability of IL-I7F at
position +7488C/T (similarly as other studies in other pop-
ulations: http://www.snpedia.com/index.php/Rs763780), the
TT genotype occurred in 93.7%, and no CC homozygote
was detected, we investigated this polymorphism only in a
subgroup of 190 subjects. Further, no associations of this poly-
morphism with aggressive periodontitis (AgP) or CP [31-33]
have been previously found. In contrast, the IL-17A —197A/G
SNP was analyzed in the whole set of our 523 subjects. The
minor allele frequency (MAF) of this SNP was 0.36, which is
in line with the allele frequency in other European population
[42]. To this date, no study investigating an association of
the IL-17A —197A/G or IL-17F +7488C/T variants with TIDM
or periodontitis in European white population has been
published. Although no significant differences were found in
the genotype frequencies between the healthy subjects and
TIDM or CP patients, the A allele was marginally associated
with an increased risk of TIDM (P < 0.05). This allele
displayed a higher affinity for the nuclear factor of activated
T cells (NFAT), a critical transcription factor involved in the
IL-17 regulation [43, 44]. Espinoza et al. [43] reported that
healthy individuals possessing the A allele of IL-17A —=197A/G
(rs2275913) produced significantly more IL-17 after in vitro
T cells stimulation than those without this allele. Shao et al.
[45] described that uncontrolled expansion of Thi7 cells was
involved in TIDM pathology and might exert essential effects
on its development.

In the studied diabetic population, significantly higher
levels of HbAlc were present in TIDM carriers of the geno-
type with the A allele (AA + AG genotypes) versus the
GG homozygotes (76.6 mmol/mol £ 16.5mmol/mol ver-
sus 69.8 mmol/mol = 13.9 mmol/mol). To our knowledge,
no previous study has focused on this issue; however,

polymorphisms in other genes, for example, IL-6 [46] and IL-
18 separately [47] or in combination with the IL-12B gene [48],
have been associated with higher concentration of HbAlc in
TIDM populations.

In addition, we found no significant differences in the
IL-17A —197A/G (rs2275913) allele or genotype frequencies
between the healthy subjects and patients with CP, not even
after stratification by sex (data not shown). No studies on
this topic from European but only from Iranian and Brazilian
populations have been reported. In the Iranian population,
the CC genotype of another IL-I7A variant (rs10484879)
was associated with CP and peri-implantitis [29]. Three
Brazilian studies examined variability in the IL-I7A —-197A/G
(rs2275913) gene in relation to periodontal disease with
controversial results. In the study by Saraiva et al. [32], the
A allele was associated with the absence of periodontitis,
but Corréa et al. [31] and Zacarias et al. [33] found the
AA genotype and the A allele as a risk factor for CP. Even
in the separate subgroup of Czech patients with CP and
TIDM, no relationship between IL-17A polymorphism and
periodontal status (PD = probing pocket depth, CAL =
clinical attachment loss, etc.) was found. However, Giirsoy
et al. [49] recently described the association between PD
and IL-17 levels in saliva of type 2 diabetic patients, but
independently of glycemic status. Interestingly, the allele and
genotype distributions of the IL-17A variant in the subgroup
of TIDM patients with CP were closer to the values in
nondiabetic CP than TIDM patients. The different findings
in Czech population may be due to differences in European
versus Brazilian populations.

In contrast to findings in the Brazilian cohort where the
AA genotype was identified as a risk factor for CP in non-
smoker Caucasians [33], our results showed no differences
in distribution of the IL-17A -197A/G alleles or genotypes
between healthy and periodontitis nonsmokers. However, the
G allele and the GG genotype were marginally significantly
associated with an increased risk of periodontitis in smokers.
Analysis of the allele frequencies in nonsmokers versus
smokers showed borderline significant differences in both
studied groups but in the opposite trend, in which 68.1%
versus 56.8% for healthy controls and 64.5% versus 73.8%
for patients with CP. Due to a relatively small number of
subjects in the individual subgroups, number of comparisons
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performed, and only marginally significant differences, our
results should be interpreted carefully.

In the next step, according to the hypothesis about
biological functions and regulation of IL-17 which plays a role
in host defense [50], we assessed the IL-17A gene variability
in relation to the presence of periodontopathic bacteria in
subgingival pockets in patients with CP and TIDM + CP. In
CP population, IL-17A —197 A allele carriers had an increased
risk of T.f. occurrence and, in CP nonsmokers only, this allele
increased risk of the occurrence of Pi., but the same A allele
was protective for the presence of T.d. in subgingival biofilm
in TIDM patients with CP. In connection with periodonto-
pathic bacteria, gene variability has been investigated in a
few other interleukins to this date. The specific IL-8 variants
were associated with subgingival colonization with A.a. in
AgP and Tf in CP in the Czech population [35]. Finoti et al.
[51] also found that IL-8 haplotype influenced the presence of
the “red complex” bacteria in gingival sulci. Several studies
by Nibali et al. [52-56] focused on a correlation between
the pathogenic bacterial colonization and variability in IL-6
and Fc y receptor genes. Additionally, SNPs in the IL-I gene
cluster [S7], interferon y, and IL-2 were associated with the
presence of various periodontopathic bacteria, especially A.a.
and the “red complex” bacteria. However, in our study, no
other bacteria from those studied were associated with IL-174
—197 variant and there were no significant differences in the
occurrence of these bacteria among groups.

Finally, in functional study, we associated IL-17 produc-
tion in vitro by blood mononuclear cells with the IL-17A
~197A/G (rs2275913) gene polymorphism in the subgroup of
patients with CP. In Czech periodontitis patients, IL-174 -197
AA + AG carriers had higher IL-17 levels in unstimulated
mononuclear cells than GG homozygotes. Our results are in
accordance with the conclusion of Espinoza et al. [43], who
connected the A allele with increased IL-17 levels in vitro
after T cells stimulation. Even greater differences in IL-17
production were measured in CP carriers with the A allele
in genotype after stimulation with Pg. It is in agreement with
previous findings that Pg. LPS is a mediator of IL-17 release
from human periodontal ligament cells [28]. Also Mout-
sopoulos et al. [58] proved that Pg. induced innate cell IL-
17 production and promoted Thi7 polarization. In a pooled
group of CP and healthy subjects (N = 45), production
of IL-17 was associated with the IL-17A polymorphism only
in unstimulated mononuclear cells, but not after stimulation
by Pg., other periodontal bacteria, HSP70, and/or mitogens.
In addition, recently Azman et al. [20] demonstrated that
serum, saliva, and gingival crevicular fluid, IL-17A levels
were higher in periodontitis patients and correlated positively
with clinical parameters (PD, CAL, and BOP = bleeding on
probing). Findings of the present study also demonstrated
increased IL-17 levels in unstimulated monocytes in patients
with periodontitis versus healthy controls (0.48 pg/mL versus
0.10 pg/mL; median). However, the comparison of absolute
values of IL-17 levels in healthy subjects with results of
other studies would require the use of the same method for
the cytokine determination (including a kit from the same
supplier), type and preparation of samples, and age of subjects
[59, 60].

There are many possible limitations in this study. The
present study is mainly limited by relatively low numbers of
subjects and especially by the fact that from the group of 125
TIDM subjects, only 38 patients were evaluated for periodon-
tal status. The negative findings of single marker analysis in
this subgroup could be a result of a lack of statistical power to
detect minor differences (small effect of genes/gene variants
in multifactorial diseases is typical). In addition, most of the
associations found were tightly below statistical significance
(P < 0.05) without multitest corrections. Therefore, risk
of relatively high false discovery rate means that our results
should be interpreted with caution. Secondly, levels of IL-17
in plasma or in gingival tissue were not measured and the
presence of periodontal pathogens was examined only in the
271 subjects. However, this study also has several strengths.
This is the first study of the IL-17 gene polymorphisms in
TIDM population and in European patients with CP that
was conducted in a relatively homogenous population of
white Caucasians in Central Europe of the Czech origin.
Secondly, the size of studied healthy subjects and CP patients
is greater than in previous Iranian or Brazilian studies.
Thirdly, we examined not only the polymorphisms alone but
their relationship with clinical, bacterial, and biochemical
parameters, which allowed a better biological assessment of
the detected associations.

5. Conclusions

In conclusion, IL-17A gene variability may partially influence
TIDM control and the “red complex” bacteria occurrence in
patients with CP and diabetic patients with CP. Additionally,
our findings confirmed the functional relevance of the IL-17A
polymorphism with higher IL-17 secretion in the individuals
with the A allele. However, the results of this study need to be
proven in a larger independent cohort.
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Conclusions

Current research is increasingly moving towards cross-disciplinary studies with the collection
of data on all aspects of complex diseases. It is crucial to consider gene-environment
interactions and to use high-quality methodological approaches, including appropriate
analytical tools. Multidisciplinary efforts are required to better understand the etiopathogenesis
of complex diseases, such as RAS, EARR, dental caries and CP.

There is a need to create an algorithm involving all known variables to determine the risk of a
complex disease development in an individual. Himmelstein and Baranzini (2015) suggested
that two important derivations would be the translation of this information into a multiscale
understanding of pathogenic variants and leveraging existing data to increase the power of
existing and future studies through prioritization. Thus, they designed a network with 18 node
types: genes, diseases, tissues, pathophysiologies, and 14 molecular signatures database

collections and 19 edge types from high-throughput publicly available resources, see Fig. 15.
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Fig. 15. Heterogeneous network edge prediction effectively prioritized genetic associations and
provides a powerful new approach for data integration across multiple domains (Himmelstein

and Baranzini, 2015).
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A model from GWAS associations was created and the probability of association between each
protein-coding gene and each of the well-studied complex diseases was predicted (Himmelstein
and Baranzini, 2015). In addition, some other methods for generating multiple risk barcodes of
complex diseases using ant colony algorithms are developing (Zhang et al., 2016; Li and Jiang,

2017).

The main goal of immunogenetics is to understand the genetic basis of the immune response
and to find the links between gene variability and disease. Although we have shown the
relationship of some polymorphisms in genes for immunoregulatory factors to selected diseases
of the oral cavity in the Czech population, the complex nature of these diseases requires further
research in which genetic analysis will be linked to clinical, microbiological and biochemical
examinations. It can be considered important that our statistically non-significant findings have
also been published to reduce the positive bias in the scientific literature.

Our immunogenetic research of oral diseases is currently focused on salivary proteins and their
genes, especially mannose binding lectin 2 (MBL?2) with specific functional variants. This
pattern recognition receptor of the innate immune system recognizes and binds to pathogenic
microorganisms and apoptotic cells leading to lectin pathway complement killing or clearance.
MBL heterozygosity could have been advantageous in an evolutionary sense; protection against
adverse effects of various infectious diseases and lethal manifestations of atherosclerosis (Eisen
and Osthoff, 2014). The original SNaPshot assay and also the algorithm for MBL2
haplogenotype determination were already designed and introduced. Also, salivary proteins and
oral microbiome will be analyzed by advanced molecular biology techniques and all obtained
data will be used to design a tool for assessing the risk of development of specific complex oral

disease.
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studied.
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Fig. 4. Predicted function of MTHFR enzyme by haplogenotype composed from MTHFR
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their final subjective evaluation of therapy.
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Genetic Predisposition to Recurrent Aphthous Stomatitis
(Review)

Bofllova Linhartova P.*2, Valova 5.2, Izakovi€ova Holla L.*2

'Stomatologicka klinika LF MU a FN u sv. Anny, Brno
2Ustav patologické fyziologie LF MU, Brno

SOUHRN

Pfedmét sdéleni: Recidivujici aftdozni stomatitida (RAS) je jednim z nejcastéjsich onemocnéni sliznice
dutiny ustni, které se projevuje tvorbou bolestivych erozi az ulceraci. Diagnostika RAS je zalozena na ana-
mnestickych udajich a klinickém vzhledu lézi; neexistuji Zadné laboratorni testy k potvrzeni diagnézy.
Létba tohoto onemocnéni je pouze symptomatickd a malo efektivni. Etiopatogeneze RAS dosud neni
Znama, v literature je ale popsana fada rizikovych faktorl, které ke vzniku a rozvoji onemocnéni mohou
prispivat. Kromé lokdlniho traumatu, potravinovych alergend, mikrobidini dysbiozy, infekEnich agens,
nutri¢nich faktor (deficitu vitaminu B12, Zeleza a kyseliny listové), stresu a hormondlinich zmeén, hraje roli
i imunologicky profil pacienta a také genetické predispozice jedince k této multifaktoridini chorobé. Viiv
dédicnosti na vznik, resp. rozvoj onemocnéni byl jiz dfive potvrzen studiemi dvojcat a rodin. Aktuainé
jsou publikovany genetické asocialni studie zabyvajici se variabilitou vybranych gend u pacientt s RAS
ve srovnani se zdravymi kontrolami (tzv. studie kontrol a pfipad() v riznych populacich. Za kandidatni
jsou povazovany zejména ty geny, které souviseji s funkci imunitniho systému, s reakci organismu na
oxidacni stres, s metabolismem tkani sliznic, vitamind a mineralnich latek.

Cilem téchto analyz bylo nalezeni rizikovych nebo naopak protektivnich variant, a to v genech interleukind-1
(IL) a antagonisty jejich receptoru (IL-IRN), IL-4, IL-6, IL-10, tumor nekrotizujiciho faktoru o (TNFa), NOD-
like receptoru 3 (NLRP3), Toll-like receptoru 4 (TLR4), E- a L-selektinG (SEL), angiotenzin konvertujiciho
enzymu (ACE), v genu pro stredomorskou horecku (MEFV), serotoninovy transportér (SLC6A4), matrix
metaloproteindzu 9 (MMP9), metylentetrahydrofolat reduktdzu (MTHFR) a syntdzu oxidu dusnatého 2
(NOS2), které mohou v kontextu dalsich faktor( ovliviiovat nachylnost jedince k rozvoji onemocnéni.
Zaver: V predlozeném piehledovém Clanku jsou shmuty a diskutovany zavéry téchto genetickych aso-
ciatnich studii. Je pravdépodobné, ze vyzkum RAS na molekuldrni Grovni by mohl vést k alespon ¢as-
tetnému pochopeni etiopatogeneze tohoto onemocnéni, a tim ke zlepseni prevence, diagnostiky a 1é¢by
postizenych pacientd.

Kli¢ova slova: aftézn/ stomatitida - onemocnéni ustni sliznice - geneticka studie - genova varlabliita -
vrozena predispozice

SUMMARY

Background: Recurrent aphthous stomatitis (RAS), one of the most common diseases of the oral muco-
sa, is characterized by the formation of painful oral erosions or even ulcers. RAS diagnosis is based on
anamnestical data and appearance of lesions; no laboratory tests to confirm the diagnosis are available.
Treatment of this condition is only symptomatic and less effective. The disease etiopathogenesis is
unknown, but risk factors associated with the origin and development of the disease have been descri-
bed in the literature. Besides local trauma, food allergens, oral microbial dysbiosis, infectious agents,
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nutritious factors (deficiency of B12 vitamin, iron, and folic acid), stress and hormonal changes, the
immunological profile of the patient and his/her genetic predispositions to this multifactorial disease
play a role. The effect of heredity on the disease origin and development was previously confirmed by
studies of twins and families. Genetic variability of the selected genes in patients with RAS compared
with healthy controls (case-control study) conducted in different populations have been published. The
main candidates for RAS are the genes associated with the immune system, response of the organism
to oxidative stress, metabolism of mucosal tissues, vitamins, and minerals.

The aim of these studies was to find risk, or on the contrary protective, gene variants in the interleu-
kin-1(IL) and its receptor antagonist (IL-IRN), IL-4, IL-6, IL-10, tumor necrosis factor alpha (TNFalpha),
NOD-like receptor 3 (NLRP3), Toll-like receptor 4 (TLR4), E- and L-selectin (SEL), angiotensin con-
verting enzym (ACE), gene for Mediterranean fever (MEFV), serotonin transporter (SLC6A4), matrix
metalloproteinase 9 (MMP9), methylenetetrahydrofolate reductase (MTHFR) and nitric oxide syntase 2
(NOS2), which may together with other factors influence the individual susceptibility to the disease
development. In the present review, we summarize and discuss findings of genetic association studies.
Concluslon: We assume that further research into RAS on the molecular level may lead to better
understanding of this disease etiopathogenesis and improve prevention, diagnosis and treatment of
the affected patients.

Keywords: aphthous stomatitis - oral mucosa diseases - genetic study - gene varlabllity - hereditary
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uvobp

Recidivujici aftézni stomatitida (RAS, synony-
ma: recidivujici afty, benigniafty, habitudlni afty,
recidivujici benigni aftéza) je chronické zanétli-
vé onemocnéni, které se projevuje opakovanym
vysevem erozi aZ viedi kruhového nebo ovalné-
ho tvaru na sliznici dutiny astni, RozliSujeme tfi
hlavni klinické formy recidivujicich aft: malé af-
ty (Mikuliczovy, MiRAS), velké afty (Suttonovy,
MaRAS) a herpetiformni afty (HeRAS) [74]. Ulcerace
jsou velmi bolestivé, nejcastéji se vyskytujive formé
tzv. malych aft bud pouze na sliznici dutiny tstni,
nebo jsou souéisti systémovych onemocnéni typu
Behcetova syndromu (BD), celiakie, Crohnovy cho-
roby, ulcerézni kolitidy, periodické horecky s kréni
lymfadenopatii, faryngitidy a aftézni stomatitidy
(PEAPA) nebo cyklické neutropenie (47, 68).

Diagnostika RAS je zaloZena vyhradné na ana-
mnestickych tdajich a klinickém vzhledu 1ézi; ne-
existuji zadné laboratorni testy k potvrzeni diagné-
zy |48, 56]. Léctba je v soucasné dobé pouze sympto-
matickd a malo efektivni., Dostupnymi lécebnymi
postupy, at jiz farmakoterapii (27, 41], nebo laserovou
terapii [25], 1ze pouze sniZit bolestivost, frekvenci
vyskytu nebo zavaznost 1ézi,

Aftézni stomatitida postihuje priblizné 10-25 %
celkové populace (19, 23, 62, 64]. K rozvoji onemocné-
ni dochazi nejcastéjiv obdobi puberty, s pfibyvajicim
vékem frekvence postizeni RAS klesa [71]. K onemoc-
néni jsou podle nékterych studii nichylnéjsizeny ve

Ces. Stomat., roc. 117, 2017, ¢. 2, 5. 27-34

srovnini s muZzi [40]; jiné price véak popisuji prak-

ticky stejnou prevalenci RAS u obou pohlavi, Vétsi
riziko vzniku RAS hrozi nekufakiim [49].

ETIOPATOGENEZE RAS

Etiopatogeneze RAS dosud neni zcela objasnéna,
v literatufe viak byla popsana fada rizikovych fakto-
ril, které se mohou na vzniku onemocnéni podilet.
U pacienti s RAS byly oproti zdravym jedincim
nalezeny zmény v koncentracich minerilh (zinek,
Zelezo), vitamind (kyselina listovd, vitamin B12)
(45, 58, 73] a proteini podilejicich se na zanétlivych
a imunopatologickych reakcich (cytokiny a dalsi);
byly zaznamenany také zmény v expresi geni pro
tyto proteiny (4, 9, 15, 17, 18, 43, 44, 51, 59], a to bud
lokdlné v dutiné tistni, a/nebo systémové v krevnim
obéhu,

Kromé deficitu vitamindi i minerdla existuje
fada daldich rizikovych faktori (1], které k rozvoji
RAS mohou pfispivat, Mezi né patfilokalni trauma
sliznice dutiny tstni, potravinové alergeny a mik-
robidlni dysbiéza v dutiné astni [39], pfitomnostin-
fekéniho agens, hormonalni zmény a stres [21, 22].
Zasadni roli hraje imunologicky profil; dysregulace
imunitni odpovédi na vnéjéi podnéty miize byt dii-
sledkem uZivini imunosupresiva jinych xenobiotik,
vlivem systémového onemocnéni jedince nebo jeho
vrozenymi predispozicemi [40, 66, 75].

Na obrazku 1 je nastinéna role vybranych vnitf-
nich a vnéjéich faktord v etiopatogenezi RAS, a ta-
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Obr. 1Interakce vnitfnich a vnéjSnich faktori v etiopatogenezi recidivujici aftézni stomatitidy (RAS)

ké jejich vzijemné interakce, Faktory exogenniho
plivodu mohou ovliviiovat nejenom expresi gent
a indukovat vznik jejich mutaci, ale maji vlivi na
funkci a stav celého organismu. Na druhou stranu
vrozené vlastnosti predisponuji jedince kurcitému
typu chovini a jedndni, napf, schopnosti vyvarovat
se expozici negativnim vliviim vnéj$iho prostiedi.
Genetické determinanty hraji roliv regulaci a funk-
ci imunitniho a endokrinniho systému, k niachyl-
nosti k rozvoji systémovych chorob a odolnosti viiéi
oxida¢nimu stresu, jsou také uréujicimi faktory
rozdilii v metabolismu mékkych tkini, vitamini
aminerili a dal§ich litek,

VROZENA NACHYLNOST K RAS

V poloviné Sedesatych let minulého stoleti byla
poprvé popsana role genetickych dispozic jedince
k rozvoji RAS. Na zdkladé pozorovani vyskytu RAS
v rodindch byl navrZen pro tuto chorobu autozo-
malné recesivni nebo polygenni model dédi¢nosti
[50, 69], Uloha genetickych faktor(i v etiopatoge-
nezi onemocnéni byla potvrzena naslednymi aso-
cia¢nimi studiemi na rodinach a u dvojéat s RAS
[40], U ditéte s obéma nemocnymi rodici pravdépo-
dobnost, Ze onemocni, dosahuje az 90 %, zatimco
u déti se zdravymi rodici je jen kolem 20 % [70].
Z vysledki studie 29 rodin vyplyva, Ze nachylnost
k RAS se dédi v souladu s konkrétnimi haplotypy
(kombinované varianty vice polymorfnich tuseki
na urcitém genu) pro lidské leukocytarni antigeny
(HLA) [S].

GENETICKE ASOCIAENI STUDIE
KONTROL A PRIPADU

Studie kontrol a piipadh (case-control study),
pfi kterych jsou porovnavany skupiny pacientii
s konkrétnim onemocnénim s adekvatni skupinou
(podobny primérny vék, zastoupeni pohlavi, stejna
populace apod.)zdravych osob, jsou vedle celogeno-
movych studii (GWAS, genome-wide association
study) a analyz rodin (family based study) jednou
z variant genetickych asociaénich studii. U studie
kontrol a pfipadi jsou vybriny ,kandiditni geny*
pro dané onemocnéni; jejich variabilita je zkouma-
na a vysledky jsou statisticky zpracovany (idealné
pomoci multivariacni analyzy, pfiniz jsou zjistova-
ny vztahy mezi klinickymi, genetickymi, imuno-
logickymi, biochemickymi daty a udaji o zevnich
faktorech). Pro dostateénou statistickou silu testu
(power of study) jsou nutné pomérné velké soubory
osob zahrnutych do studie. Cilem téchto analyz je
nalezeni rizikovych, nebo naopak protektivnich
genovych variant, které mohou, v kontextu dalich
faktor(i, ovliviiovat nichylnost jedince k danému
onemocnéni,

KANDIDATNI GENY PRO RAS

Za kandidatni jsou povaZovany geny, které koduji
proteiny zapojené do imunitnich reakci organismu,
geny souvisejici s reakci organismu na oxidaéni
stres, s metabolismem slizni¢nich struktur, vita-
mink a mineralnich litek, coZ logicky navazuje na

29
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Obr. 2 Piehled proteini nebo skupin proteini kddovanych geny, které jsou povaZovany za kandidatni pro recidivujici aftozni stomatitidu

(RAS) a jejichz variabilita byla jiZ studovdna
ACE - angiotenzin

konvertujici enzym, ApoE - apolipoprotein E, CD - diferenciatni skupina, EGF - epidermaini ristovy faktor, ICAM - in-

tercelularni adhezni molekula, IFN - interferon, IL - interleukin, HLA - lidsky leukocytami antigen, MEFV - gen pro stiedomorskou horeé-
ku, MMP - matrix metaloproteinza, MTHFR - metylentetrahydrofolat reduktaza, NLR - NOD-like receptor, NOS - syntaza oxidu dusného,
SEL - selektin, SLC - serotonin, TLR - Toll-like receptor, TNF - tumor nekrotizujici faktor, VCAM - vaskulari bunétna adhezni molekula,
VDR - receptor pro vitamin D, VEGF - vaskularni endoteliaini ristovy faktor

etiopatogenetickou pifedstavu onemocnéni RAS. Na
obrazku 2 jsou uvedeny viechny proteiny (popf, nad-
fazeny termin pro danou skupinu proteinii) kédova-
né geny, jejichz variabilita byla v souvislosti s RAS
studovana. Je tedy zfejmé, Ze vyzkum byl doposud
orientovin zejména na kandidatni geny podilejici
se na reakcich imunitniho systému organismu,

Kromé genii kddujicich mediatory zanétu a sig-
nalni molekuly, jako jsou interleukiny (IL) a jejich
receptory nebo antagonisté receptorti, tumor nekro-
tizujici faktory (TNF) a jejich receptor (Fas) (2, 11, 12,
13, 24, 26, 28, 29, 33, 52, 53, 54, 67,72, 78] a interferon
gama (IEN) [72], byly zkoumany geny pro CD (diferen-
cia¢ni skupina) antigeny na povrchu lymfocytii [37,
79], NOD-like (NLR) [14] a Toll-like receptory (TLR)
[37] rozpoznavajici molekulirni vzory asociované
s patogeny (PAMP, pathogen associated molecular
pattern). Mnoho praci bylo zaméfeno na hodnoceni
alohy vybranych antigeni HLA tfid v etiopatogenezi
RAS [3, 20, 42, 55, 57, 61, 77).

Dal$imi studovanymi geny u pacienti s RAS
byly ty, které kéduji riustové faktory [72]. Jednalo
se 0 epidermalni riistovy faktor (EGF), ktery hraje

diileZitou roli pfi rlistu, proliferaci a diferenciaci
mnoha typli bunék a je produkovan pfedeviim sub-
mandibularnimi slinnymi Zlazami a Brunnerovou
duodendlni Zlizou. Vyznamny se zda byt také vas-
kularni endotelidlni ristovy faktor (VEGF), multi-
funkéni cytokin i€astnici se angiogeneze a hojeni
ran, jehoz signifikantné nizsi koncentrace byly
nalezeny u pacientii s RAS [16, 60].

Z adheznich molekul dilezitych pro pribéh
imunitnich reakci (pfizaném, hojeni ran, metasta-
zovani atd.) byla u pacienti s RAS sledovana vari-
abilita v genech pro selektiny (SEL), intercelularni
adhezni molekuly (ICAM) a vaskulidrni bunééné
adhezni molekuly (VCAM) [7].

Déle bylstudovan inzeréné-dele¢ni poly morfis-
mus v genu pro angiotenzin konvertujici enzym
(ACE) [32], ktery je spojovin pfedeviim s funkci
renin-angiotenzin aldosteronového systému, ale
také s imunitnimi procesy [63], a variabilita v ge-
nu pro stfedomofskou horecku (MEFV) podilejici
na regulaci apoptézy a zdnétu [30]. Mezi daldimi
analyzovanymi byl gen pro apolipoprotein E (ApoE)
[10], jehoZ protein je zapojeny nejenom v lipidovém

162



Vrozena nachylnost k recidivujici aftézni stomatitidé

metabolismu a funkcich endotelu, ale i pfisupresi (MTHFR) (10, 31]. Tento enzym katalyzuje pfeménu  CESKA
zanétlivé odpovédi [6], a také gen pro transportér kyseliny listové na biologicky aktivni folaty, které .
serotoninu (SLC) (38, 46, 76], neurotransmiteru, plniddlezitou funkciv syntetické fazi pfibunéném 207.2
ktery je schopen ovliviiovat mj, funkci polymorfo- déleni. Ve folatovém cyklu plisobi jako kofaktor s
nuklearnich leukocyti [65]. metabolickych procesii i vitamin B12.
Daliim kandidiatnim genem pro RAS je nukleir- Matrix metaloproteinazy (MMP) jsou zinek-
ni receptor pro vitamin D (VDR) [12], ktery viZe vita- -dependentni endonukleidzy schopné degradovat
min D, a nisledné tak ovliviiuje transkripci mnoha matrixové proteiny, ¢imzZ se vyznamné zapojuji
dalsich genil zodpovédnych za sniZeni angiogeneze, do metabolismu mékkych tkani, jako jesliznice
zvySeni apoptézy a za imunoregulaci. Ke geniim dutiny astni. Variabilita v genech pro MMP (kon-
zkoumanym vsouvislostis RAS, které maji soucasné krémné v genech pro gelatinizy) a pro tkinové inhi-
lilohu v metabolismu vitamini nebo mineralii, bitory MMP (TIMP), které hraji roli pfi zanétlivych
patfitaké gen pro metylentetrahydrofolatreduktizu  procesech, byla jiz u pacientil s RAS sledovana [36].
Tab. 1 Pfehled genovych variant asociovanych s recidivujici aftozni stomatitidou (RAS)
[cn  Tooymortmss [ 0 asocecesmas |
IL-Tee 151800587 Calela je rizikova [2]
IL-IB 1516944 Calela a CC genotypy jsou rizikové [11] C alela je rizikova [2]. CT geno-
rsl43634 TT genotyp je rizikovy [28] typ je rizikovy [24]
IL-IRN 86 bp repetice intron 2 | alela 1se 4 repeticemi a 11 genotyp jsou rizikové [11]
IL-4 70 bp repetice intron 3 alela 3 se 3 repeticemi a 33 genotyp jsou protektivni [29]
IL-6 51800795 CC genotyp je rizikovy [54], G alela a GG genotyp jsou GG haplotyp and GG/GG haplo-
rizikové [T, 33] genotyp jsou rizikové [33]
51800796 G alela a GG genotyp jsou ridkové [33]
IL-10 rs1800896 GG genotyp je rizikovy [28], AG genotyp je rizikowy [53] | ACC haplotyp je protektivni
rsIB00871 CT genotyp je rizikovy, CC genotyp je protektivni [53] [53]
rsi800872 AC genotyp je rizikowy, CC genotyp je protektivni [53]
TNFa rsI800629 A alela a AA genotyp jsou rizikoveé [72] AG genotyp je rizikovy [24]
rsi800630 Calela a CC genotyp jsou rizikové [72]
NLRP3 rs3806265 T alela a TT genotyp jsou rizikové Calela a CT genotyp jsou pro-
tektivni [14]
TLR4 10759931 A alela a AA genotyp jsou rizikové ACA haplotyp je rizikovy, GTA
rs192791 - haplotyp je protektivni [37]
rs4986790 -
E-SEL rs5361 A alela, AA a AC genotypy jsou rizikové AAT haplotyp je rizikovy [7]
L-SEL rs1805193 =
152205849 -
ACE I/Dintron 16 D zlela 2 DD genotyp jsou rizikové [32]
MEFV 1561752717 vyskyt mutaci je rizikovy [30]
rs28940580
1528940579
153743930
SLCBA4 1/D promotor S (kratka) alela a 5SS genoty p jsou rizikové [76]
MMP9 517576 - AA haplotyp je rizikovy, GA ha-
rslB97325 AA genotyp je rizikowy plotyp je protektivni [36]
MTHFR rs1801133 T alela a TT genotyp jsou rizikové [31]
NOS2 152297518 Galela a GG genotyp jsou rizikavé GG/CC haplogenotyp je rizikovy
151060822 - [35]
3
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Oxid dusny, jehoz biologicka dostupnost je snize-
na pii oxidaénim stresu, je diileZitym mediitorem
imunitnich reakcia zanétlivé odpovédi organismu,
reguluje adhezi bunék k endotelu, inhibuje agregaci
krevnich desticek a cévni proliferaci bunék hlad-
kého svalstva [8]. Proto je syntaza oxidu dusného
(NOS) povaZovana za kandidatnigen proRASav té-
tosouvislosti byly jeji genové varianty analyzovany
[34, 35],

Zmeény ve struktufe genil, atuz se jedna o délku
genu (inzerce, delece jednotlivych bazi nebo vétdich
useki, jako jsou napf. repetitivni sekvence), nebo
jeho obsah (ziménové mutace, napf, jednonukleo-
tidovy polymorfismus, SNP, angl. single nucleotide
polymorphism), mohou mit vliv na podobu a funkci
vysledného proteinu a/nebo na miru jeho exprese.
V pfipadé, Ze v kandiditnim genu existuje funkéné
vyznamna mutace, a navic populaéni frekvence
minoritni alely je alesponi pét procent, miiZeme
povazovat danou variantu za vhodnou pro stu-
dium genetické podminénosti multifaktoridlnich
nemoci pomociasociacnistudie kontrol a piipadil.
Hovofime o tzv, polymorfismu pfisluiného genu,
a to jiz tehdy, pokud se méné Casta varianta vdané
populaci vyskytuje ve frekvenci vy$si nez u jednoho
procenta populace,

ASOCIACE VARIANT GENU S RAS

0Od roku 2002 do soucasnosti bylo publikova-
no 36 asocia¢nich studii kontrol a pfipadi s RAS,
Geneticka variabilita byla zkoumana u tfindcti
riznych populaci, Jednalo se o populaci tureckou
[2, 29, 30, 31, 32, 33, 57, 61, 78, 79], iranskou [14, 52,
53, 54, 55|, jordanskou (7, 35, 36, 37, 38], brazilskou
|24, 76, 77], cinskou (28, 72], korejskou [10], indickou
[46], egyptskou [26] a populaci z USA [11, 12, 13],
U evropské populace byly dosud zvefejnény studie
kontrol a pfipadii s RAS ze Spojeného krdlovstvi [34,
42], z Itdlie [20], Recka [3]a z Polska [67]. Jen u nékte-
rych kandiditnich genti a jejich polymorfismi byla
popsana asociace s RAS, pfehled je uveden v tabul-
ce 1. Varianty genil byly spojeny s rizikem rozvoje
RAS nebo naopak, zdravé osoby s konkrétnialelou,
genotypem, haplotypem a/nebo haplogenotypem
byly pfed rozvojem daného onemocnéni chrinény
(protektivni varianta genu).

U pacientil s RAS byla ve srovnani se zdravymi
kontrolami pozorovana vyssi incidence HLA-A33,
HLA-B35a HLA-B81(77], HLA-B12 [42], HLA-DR7 [20],
HLA-DRS5, HLA-A24 [61], HLA-DRB1 a HLA-DRBS5,
a naopak niz&i vyskyt HLA-B5, HLA-DR4 [3, 20],
HLA-DRB3 [55], HLA-DR10, HLA-DR17 a HLA-A30
[61]. Konkrétni alely HLA-DQBI pak byly asociovi-

ny s protektivitou nebo rizikovosti rozvoje RAS [55)
(pozn. neni uvedeno v tab. 1).

U nékterych genovych variant byly vysledky
asociaci s RAS kontroverzni; jednalo se piedeviim
o variabilitu v genech pro IL-1 a antagonistu jeho
receptoru (IL-1RN), IL-6, IL-10 a TNFa (2, 11, 12, 13,
24,28, 33, 53, 54, 67,72, 78], dale pak o polymorfismy
v genech kédujicich MTHFR [10, 31] a SLC6A4 (38, 46,
76]. Tyto protichidné nélezy mohou byt diisledkem
genetické odlisnosti riznych studovanych popu-
laci, nedostateéné velkym souborem studovanych
pacient( a kontrol a/nebo jinym pfistupem pfi sta-
tistické analyze ziskanych dat,

ZAVER

Dosud nebyla provedena zidnd celogenomova
studie (GWAS) u pacienti s RAS, proto jsou v pfed-
loZeném piehledovém ¢linku shrnuty a zvaZovany
pouze zavéry genetickych asocia¢nich studii kontrol
a pripadil s RAS, Ackoliv jsouvysledky téchto studii
v riiznych populacich asto nekonzistentni a vy-
znam jednotlivych polymorfismii v genech je obecné
u mulrifaktoridlnich onemocnéni maly, klicova
role imunitniho systému a genetickych vloh v etio-
patogenezi RAS jsou nesporné, Pfed tim, nez bude
mozneé pouzitziskana data kezlepSeni diagnostiky
¢i1écby pacientii s RAS, je nezbytny dalsi vyzkum.
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FARMAKOTERAPIE RECIDIVUJICI AFTOZNI STOMATITIDY U PACIENTU S
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KYSELINU LISTOVOU - PILOTNI STUDIE

(Ptvodni prace — experimentalni klinicka studie)

PHARMACOTHERAPY OF RECURRENT APHTHOUS STOMATITIS IN
PATIENTS WITH GENETICALLY IMPAIRED ABILITY TO METABOLIZE
FOLIC ACID - PILOT STUDY

(Original article — experimental clinical study)
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IStomatologické klinika LF MU a FN u sv. Anny, Brno
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3Lékarna Plumlov, s.r.o., Plumlov

SOUHRN

Uvod a cil: Pii terapii recidivujici aftozni stomatitidy (RAS) se doporuéuje tzv. Skachova
kura, pii které pacienti uzivaji kyselinu listovou a vitamin Bs. Kyselina listova je v organismu
vyuzitelnd pouze ve forme aktivniho folatu (vitamin By); v metabolické pfeméné sehrava
dilezitou ulohu enzym methylentetrahydrofolat reduktdiza (MTHFR), jehoz funkcnost je
zasadné ovlivnéna genovymi polymorfismy. Cilem prace bylo ovéfit pfedpoklad, Ze podani
aktivni formy kyseliny listové spolu s vitaminy Be a D3 mlZe pozitivn€ ovlivnit ¢etnost
vysevu aft i prubéh jejich hojeni u pacienti s RAS.

Metody: V ramci pilotni studie jsme klinicky vySettili deset pacientti, u nichz jsme
analyzovali haplogenotypy v genu MTHFR. Podminky pro zafazeni pacientii s RAS byly: vék
18-50 let, ¢eska narodnost, geneticky podminéné snizené schopnost metabolizovat kyselinu
listovou (Spatny metabolizator — PM nebo intermedidrni — IM) a nepfitomnost systémového
onemocnéni (Crohnova choroba, Behgetova choroba, onemocnéni ledvin a dalsi nemoci).
Farmakoterapie v upraveném designu dvojité zaslepené zkiizené studie (cross-over design)
probihala od jara 2018 v délce trvani tff mésicti. Pacientlim byl ve tfifazovém schématu
podavan aktivni folat (glukosaminova stl 5-methylfolatu), vitaminy Bg a D3, po dobu terapie
nesméli uzivat zadné jiné potravinové dopliky. Vedli si denni zdznamy o svém zdravotnim
stavu a moznych rizikovych faktorech RAS a byli v mési¢nich intervalech klinicky 1
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laboratorné vySetieni. Zaznamenali jsme jak subjektivni hodnoceni efektu terapie pacienty,
tak i ziskana laboratorni data, ktera byla vyhodnocena statistickym softwarem Statistica v.13.

Vysledky: Do studie jsme zaradili tii muze a sedm Zen s RAS ve véku 28 az 47 let; tfi z nich
byli podle genového profilu MTHFR definovani jako PM a sedm jako IM kyseliny listové.
Podle subjektivniho hodnoceni jedna pacientka udala zhorSeni stavu, dva pacienti
nepozorovali béhem terapie zménu svého zdravotniho stavu a sedm osob bylo spokojeno,
nebot’ u nich doslo k méné Castému/zadnému vysevu aft a/nebo doba hojeni byla vyznamné
krat$i. Subjektivni hodnoceni terapie pozitivné korelovalo s objektivnim klinickym nalezem (r
=0,993, p <0,001). Z laboratorni analyzy vyplynulo, Ze podani vitaminu D3 signifikantné
zvysilo sérové koncentrace 25-OH D3 z nizkych/limitnich na optimalni hodnoty. Median
koncentraci pied zahdjenim studie byl 54,2 nmoll™!, t&sné pred podanim 68,1 nmoll™! vs.
mésic po podani 96,6 nmoll! (norma: 50—175 nmoll™!), (p < 0,01). Dalsi sledované
parametry,ccce jako koncentrace kyseliny listové v séru, homocysteinu, ALT, AST a krevni
obraz byly u pacientii ve fyziologickém rozmezi pied terapii i po ni.

ZAvér: Navrzena modifikace Skachovy vitaminové kury se zda byt vhodna pro 1é¢bu
pacientt s RAS, u kterych je genetickd predispozice ke sniZzené funkci enzymu MTHFR,
nebot’ béhem naSeho pozorovani doslo u 70 % pacientl k subjektivnimu 1 objektivnimu
zlepsSeni stavu.

KLICOVA SLOVA

onemocnéni sliznice dutiny ustni, farmakogenetika, metabolismus, kyselina listova,
vitamin D

SUMMARY

Introduction, aim: When treating recurrent aphthous stomatitis (RAS), a so-called Skach's
therapy, in which patients are administered folic acid and vitamin Be, is recommended. The
human body can process folic acid only in the form of active folate (vitamin Bo);
methylenetetrahydrofolate reductase (MTHFR) plays an important role in metabolic
transformation, function of this enzyme is fundamentally influenced by gene polymorphisms.

The aim of the study was to verify the assumption that administration of the active form of
folic acid together with vitamins B¢ and Ds can positively affect the frequency of
aphthae/ulcers eruption and the course of their healing in patients with RAS.

Methods: In the pilot study, we clinically examined ten patients in whom we analyzed
haplogenotypes in the MTHFR gene. Conditions for inclusion of patients with RAS were: age
18-50 years, Czech nationality, genetically impaired ability to metabolize folic acid (poor
metaboliser — PM or intermediate — IM) and the absence of systemic disease (Crohn's disease,
Behget's disease, kidney disease and other diseases). Pharmacotherapy in a modified double-
crossed blind study (cross-over design) ran from spring 2018 and lasted three months. Patients
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were treated with active folate (glucosamine salt 5-methylfolate), vitamins B¢ and D3 in the
three-phase regimen, they were not allowed to use any other food supplements during the
therapy. They kept daily records of their health status and possible risk factors for RAS and
were examined clinically and in the laboratory at monthly intervals. We recorded both the
subjective evaluation of the effect of the therapy by patients and the obtained laboratory data,
which were evaluated by statistical software Statistica v.13.

Results: The study was comprised of three men and seven women with RAS, aged 28 to 47
years; according to the MTHFR gene profile, three were defined as PM and seven as IM of
folic acid. Based on the subjective assessment, one patient reported a deterioration, two
patients did not observe a change in their health state during therapy, and seven were satisfied
because they had a lower or no aphthae eruption and/or healing time was significantly shorter.
Subjective evaluation of therapy positively correlated with objective clinical finding (r =
0.993, P <0.001). The laboratory analysis showed that administration of vitamin D3
significantly increased serum concentrations of 25-OH D3 from low/limit to optimal values,
median of concentrations prior to study was 54.2 nmoll™!, just before administration 68.1
nmoll! vs. month after administration 96.6 nmoll™! (norm: 50-175 nmoll-1), (P < 0.01). The
other studied parameters, such as concentration of folic acid in serum, homocysteine, ALT,
AST, and blood count, were within the physiological range before and after therapy.

Conclusion: The proposed modification of Skach's vitamin therapy seems to be appropriate
for the treatment of patients suffering from RAS with genetic predisposition for reduced
MTHEFR function as during our observation, 70% of patients experienced subjective and
objective improvement of their state.

KEYWORDS

oral mucosa disease, pharmacogenetics, metabolism, folic acid, vitamin D

UvoD

Recidivujici aftézni stomatitida (RAS) je chronické onemocnéni sliznice dutiny ustni s dosud
nejasnou etiopatogenezi, které postihuje az 25 % populace [1]. Jsou znamy pouze rizikové
faktory, mezi které se fadi geneticka predispozice [2], imunopatologické reakce a pfitomnost
infek¢éniho agens, endokrinni 1 psychické vlivy (stres), nutricni deficience (Zelezo, kyselina
listova, vitaminy skupiny B) a lokalné ptisobici faktory (pfikusovani, poranéni pii
stomatologickém oSetieni a jiné¢). Aftdm podobné ulcerace jsou symptomem mnoha
systémovych onemocnéni, napt. Crohnovy choroby (CD), Behgetovy choroby (BD),
ulcer6zni kolitidy, celiakie, neutropenie a dalSich.
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Kauzalni 1é€ba RAS dosud neexistuje, v souc¢asnosti mame k dispozici pouze
symptomatickou terapii. Jednim z 1é&ebnych piistupti je podani tzv. Skachovy vitaminové
kuary [3] s riznymi modifikacemi (délka a opakovéni terapie). Podavaji se pii ni preparaty
obsahujici kyselinu listovou (Acidum folicum 2x denné 1 tbl.), vitaminy Be (Pyridoxin 3x
denné 1 tbl.) a B2 (intramuskularné€ 300 pg obden), a to nikoliv kontinualn¢, ale intermitentné
s pauzami, naptiklad ve schématu: tiitydenni kura — tfi tydny pauza — tfitydenni kura — Sest
tydnii pauza — tfitydenni kura.

Na podéni Skachovy vitaminové kury viak pozitivné nereaguji vsichni pacienti s RAS, coz
muze byt dano sniZenou schopnosti jejich organismu metabolizovat nékteré z jejich slozek.
Kyselina listova je v organismu vyuzitelna pouze ve formé aktivniho folatu (L-5-methylfolat,
vitamin Bo); v metabolické pfeméné sehrava dilezitou lohu enzym methylentetrahydrofolat
reduktaza (MTHFR). Snizené koncentrace 5-methylfolatu jsou pozorovany u pacientil s
diabetes mellitus, CD, atrofickou gastritidou, hyperhomocysteinémii a jinymi chorobami. Za
rizikové faktory spojené s nedostatecnou koncentraci L-methyl folatu je povazovana obezita i
malnutrice, koufeni, expozice té¢zkym koviim a toxinim, uzivani alkoholu a nékterych 1é¢iv
(oralni kontraceptiva, oralni antidiabetika, antikonvulziva, metotrexat) a také polymorfismy v
genech kodujicich enzymy zapojené v metabolizaci kyseliny listové. Z nich je nejvice
studovana variabilita v genu pro methylentetrahydrofolat reduktazu (MTHFR), konkrétné
funk¢ni varianty C677T (rs1801133, Ala222Val) a A1298C (rs1801131, Glu429Ala).

Ptitomnost minoritni alely T C677T v sekvenci genu MTHFR vede pii jeho expresi ke vzniku
termolabilniho enzymu. Také polymorfismus A1298C v genu MTHFR byl asociovan se
sniZenou aktivitou enzymu, se zménou distribuce intracelularniho folatu a koncentraci
homocysteinu [4]. U heterozygotti C677T a homozygoti AA A1298C (+-/-- haplogenotyp) je
aktivita enzymu MTHFR mirné vyssi (pfiblizné 65%) nez u heterozygotii pro ob¢é varianty
(ptiblizn€ 50%), proto byl A1298C polymorfismus popsén jako faktor pfispivajici k
vyslednému fenotypu [5]. Po analyze genotypil obou variant Ize jednotlivym kombinacim
(haplogenotyptim, v tomto pifipadé€ diplotyptim) pfifadit miru ztraty funkce enzymu neboli
teoreticky fenotyp (tab. 1).
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Tab. 1 Piedpokliadana funkce enzymu MTHFR podle haplogenotypu C677T a A1298C variant genu MTHFR. Definice fenotypu studovanyct
pacientd s RAS a jejich vysledné subjektivai hodnoceni terapie.

SNP A1298C MTHFR (rs1801131)
MAF(C)=34%
genotyp AA AC ccC
funkce enzymu MTHFR 100 % 80-100 % 60 %
frekvence v EUR populaci 43 % 45 % 12 %
C677T MTHFR (rs1801133) CC - -/ -+
MAF (T)=31 % 100 % 100 % 80 % 60 %
46 % EM EM ™
L |
CT e -l -+
65 % 65 % 50 % 30%
44 % ™M M PM
T e t et
TT /- +H+- +H++ haplogenotyp
20-30 % <30% <30 % <10 % funkce enzymu MTHFR
10 % PM PM PM piedpokladany fenotyp
LK i osoby s RAS v nasi studii

+ = minoritni alela; - = majoritni alela; SNP = jednonukleotidovy polymorfismus; MAF = frekvence minoritni alely;
EM = normalni metabolizitor; IM = intermediirni metabolizator; PM = $patn{ metabolizator;
modrd/Cernd/Cervend osoba = pozitivni/neutralni/negativni hodnoceni terapie subjektem;

pozn.: alelické a genotypové frekvence podle NCBI databaze pro evropskou populaci

Vitamin D3 (cholekalciferol) je vyznamnym imunoregulatorem, nebot’ ma jak protiinfekéni a
imunopotencia¢ni, tak také imunosupresivni G€inky. Vzhledem k tomu, Ze je u pacienti s
RAS i BD ¢asto pozorovéana deficience vitaminu D [6], zd4 se mit jeho suplementace
potencial v 1é¢bé 1 profylaxi téchto stavi [7].

Cilem prace bylo ovéfit predpoklad, Ze podani aktivni formy kyseliny listové spolu s vitaminy
Bs a D3 mtize pozitivné ovlivnit Cetnost vysevu aft i pribeh/rychlost jejich hojeni u pacientti s
RAS, ktefi maji snizenou aktivitu enzymu MTHFR.

METODIKA

Studované osoby

Podminky pro zatazeni pacienti s RAS byly: v€k 18-50 let, ceska narodnost, nepfitomnost
systémového onemocnéni (CD, BD, onemocnéni ledvin a dalSich chorob) a geneticky
podminéna snizend schopnost metabolizovat kyselinu listovou (Spatny metabolizator — PM
nebo intermedidrni metabolizator — IM). Pacienti s alergii na laktozu nebyli do studie zatazeni
vzhledem k tomu, Ze podavany ptipravek obsahoval laktozu.

Podepsany informovany souhlas byl schvaleny etickou komisi FNUSA Brno. Pacienti nebyli
finan¢né ani jinak za ucast ve studii odménéni.
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Klinické vySetieni a laboratorni analyza

Pted zatazenim do studie byli pacienti detailné vySetieni zkuSenym zubnim lékaiem.
Nemocni se podrobili i klinickému a laboratornimu imunologickému vysetieni v Ustavu
klinické imunologie a alergologie FNUSA v Brné¢, kde byly sledovany zejména parametry k
potvrzeni/vylouceni systémovych onemocnéni, jako je CD, BD, ulcerdzni kolitida, celiakie a
dalsi, které jsou spojované s tvorbou aftdm podobnych ulceraci nejenom na sliznici dutiny
ustni.

V prubéhu studie byly pacientim provedeny odbéry zilni krve podle protokolu pred
zahdjenim prvni faze a po jejim ukonceni a po druhé a tfeti fazi (celkem ctyfi odbéry). Ve
stejnych ¢asech byli pacienti opakované vySetieni zubnim Iékafem a byl jim podan
individudlné vyrabény 1éCivy piipravek (IVLP), na zacatku druhé faze i tableta s vitaminem
Ds. Po ukonéeni studie vSichni pacienti obdrZeli zavére¢nou zpravu o vysledcich vysetieni.

V laboratofi FNUSA v Brné byly standardnimi metodami analyzovéany nasledujici parametry:
krevni obraz + diferenciél, glomerularni filtrace, koncentrace Ca?", kreatininu, homocysteinu,
kyseliny listové, vitaminu B2, ALT, AST a 25-OH Ds.

Izolace DNA a geneticka analyza

Pfed zatazenim do studie jsme z 9 ml Zilni krve odebrané do zkumavky s EDTA izolovali
DNA pacientl standardni izopropanol-fenol-chloroformovou metodou s vyuZitim proteinazy
K.

V Ustavu patologické fyziologie LF MU jsme analyzovali polymorfismy C677T (rs1801133)
a A1298C (rs1801131) v genu MTHFR metodou qPCR s fluorescenéné znacenymi TagMan
sondami (C__ 1202883 20aC 850486 20, ThermoScientific, Grand Island, NY, USA)
na pfistroji ABI PRISM 7000, Applied Biosystems, USA. Data byla vyhodnocena softwarem
SDS version 1.2.3, Applied Biosystems, USA.

Podle dostupné literatury byl uréen ptredpokladany fenotyp pacienta odpovidajici jeho
haplogenotypovému profilu MTHFR. Osoby s aktivitou enzymu MTHFR 30-65 % jsou
povazovany za IM a pacienti s niz§i funkcei (< 30 % normalni aktivity enzymu) byli oznaceni
fenotypem PM.
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Vyroba IVLP

Celkem jsme v Iékarné vyrobili deset sad po tfech balenich s 28 tobolkami s bilou sypkou
hmotou (840 prithlednych tobolek). Kazdy pacient obdrzel na zacatku kazdé faze jeden
Sroubovaci plastovy kelimek popsany jeho jménem, ¢islem faze, datem vyroby a spotieby
IVLP a mistem vyroby s podpisem odpoveédné osoby. Celkem 560 tobolek obsahovalo pouze
0,5 g lactosum monohydricum a 280 tobolek obsahovalo 60 mg pyridoxinum hydrochloricum
se 400 pg glukosaminové soli 5-methylfolatu a lactosum monohydricum q.s.

Design terapie

Osoby zatazené do nasi studie v prubehu tii mésicii v obdobi jara 2018 podstoupily tfifazovou
terapii, kterd byla navrzena jako dvojité zaslepena (double-blinded) zk#izen4 studie (cross-
over design) s modifikaci. Pfi standardni zkiiZené studii pacient v randomizovaném potadi
dostane postupné obé¢ terapie, mezi nimi je wash-out perioda, kterd musi byt dostatecné
dlouhd na to, aby vysledek druh¢ 1é¢by nebyl ovlivnén uzivanim ptipravku v prvni terapii.
Modifikace obvyklého designu spocivala v tom, ze studie pro vSechny pacienty probihala ve
schématu, kdy po kontrolni fazi nasledovala faze terapeuticka a jako posledni probéhla
sledovaci faze.

Neporovnavali jsme pfitom dv¢ terapie, ale obdobi bez uZivani vitaminovych doplik a
ucinek navrzené vitaminové kury a jeji efekt. OSetiujici zubni l1ékat ani pacient neméli
informaci o tom, v jaké f4zi jsou vitaminy v IVLP obsaZeny. Kazda faze trvala 28 dni a
béhem ni pacienti kazdy den uzivali jednu tobolku a denné zaznamenavali do jednoduchého
papirového archu, Ze tobolku vzali, zda méli/neméli vysev aft a jejich pfipadnou lokalizaci,
pritomnost stresu, jiného onemocnéni, koufeni, pfijem alkoholu (i jeho druh), pfitomnost
dalsich rizikovych faktort (potravin, navstévy zubniho 1ékare, mechanické podrazdéni a jiné),
a Zeny uvadeély i dobu menstruace.

V prvni (kontrolni) fazi pacienti uzivali 0,5 g lactosum monohydricum, na zac¢atku druhé
(terapeutické) faze byl pacientim v ordinaci podan vitamin D3 s postupnym uvoliiovanim po
dobu 12 tydni (Vitamin D3 Axonia 30 000 UI/1 tbl. — obvykle pfedepisovéano jako mésicni
davka), a denné uzivali tobolku s obsahem 60 mg pyridoxinum hydrochloricum s 400 pg
glukosaminové soli 5-methylfolatu a lactosum monohydricum q.s. Pfed podanim vitaminu D3
byla laboratorné& zkontrolovana funkce ledvin a koncentrace Ca?* a kreatininu, nebot’
hyperkalcémie i onemocnéni ledvin jsou podle souhrnu udajt o ptipravku (SPC)
kontraindikaci jeho pouziti. Ve tieti (sledovaci) fazi byl podavan IVLP shodny s prvni fazi.
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Statisticka analyza

Ke statistickému hodnoceni bylo vyuzito zejména neparametrickych testi (Wilcoxoniv
parovy test, Spearmantiv korelacni test). Za hladinu vyznamnosti byla zvolena p-hodnota <
0,05. Data byla vyhodnocena statistickym softwarem Statistica v.13.

VYSLEDKY

Do studie jsme zaradili tfi muze a sedm Zen s RAS ve veku 28 az 47 let, tfi z nich byli podle
genového profilu MTHFR definovéni jako PM a sedm jako IM kyseliny listové. Tti zeny
uvedly, ze koufi, a to tfi az deset cigaret denné, ostatni pacienti byli nekutaci. Tti pacienti jsou
1é¢eni alergici.

Vsech deset osob trpélo podle klinického vySetteni pied zahdjenim terapie na aftyklol typu
minor s frekvenci vysevu minimalné jedenkrat za tfi mésice v poctu tii a vice afekci. Celkem
50 % téchto osob pied zacatkem terapie uvedlo, ze ulcerace na sliznici dutiny Gstni ma
prakticky permanentné. U poloviny osob ze souboru dochéazelo k difuznimu vysevu aft, u
dalsich se jednalo o rizné lokalizace: v oblasti patrovych obloukt, v horni a/nebo dolni Celisti
vestibularné, na vnitini sliznici dolniho rtu, v podjazykové krajin¢ a na bukalnich sliznicich.
Obvykla doba hojeni aft byla u tif osob do deseti dni a u sedmi osob delsi nez 14 dni. Zadny z
pacientl neuvadél ptitomnost ulceraci jinde nez na sliznici dutiny ustni. Median véku, kdy se
pacientovi poprvé objevila afta, byl 15 let (12—18 let, kvartil 25 % — kvartil 75 %). Dva
pacienti (20 % ze souboru) uvedli, ze RAS trpi 1 jejich rodi¢ a/nebo potomek. Jako nejcastéjsi
rizikové faktory pacienti zminovali infekéni onemocnéni, psychicky stres a mechanickeé
podréazdéni.

Pied zatazenim do studie 70 % osob pravidelné uZivalo vitaminy skupiny B. Pfi primarnim
screeningu u nich byl median sérové koncentrace 25-OH Dj3 61,8 nmoll™! (46,8-67,3 nmoll™!);
norma je 50—175 nmoll™. Tento odbér v§ak probéhl v riiznych roénich obdobich, proto nebyl
statisticky dale hodnocen. Pted prvni (kontrolni) fazi byl median sérové koncentrace 25-OH
D; u pacientti 54,2 nmoll™! (20,8-75,1 nmoll!), tésné& pied podanim vitaminu D3 68,1 nmoll™!
(53,0-81,4 nmoll™"). Mésic po jeho podani byl median sérové koncentrace 25-OH D; 96,6
nmoll™! (89,2-122,0 nmoll™") a po 56 dnech 108,6 nmoll™! (73,5-124,8 nmoll™"). Po podani
vitaminu D3 se signifikantné zvysila sérova koncentrace 25-OH D3 (p < 0,01, hodnoceno
Wilcoxonovym parovym testem), viz graf 1. U pacientky €. 2 byla koncentrace pii ukonceni
terapie nad normu (193,1 nmoll™!) a u pacientky ¢&. 10 byla i pies podani vitaminu D3
diagnostikovéana sniZzena koncentrace 25-OH Ds.
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Graf 1. Sérové koncentrace 25-OH D;u pacientii s RAS pred, v pribéhu a pfi ukonéeni
terapie

cerna/Cervena osoba=neutralni/negativni hodnoceni terapie subjektem

Pozn. Chybi 4 hodnoty koncentrace v riizném &ase u riznych pacientt z divoedu selhani
laboratorni analyzy.

Hodnoceno Wilcoxonovym parovym testem. Stav pfed zafazenim do sledované skupiny
pacientil s RAS nebyl do analyzy zahrnut, jelikoZ stanoveni nebylo u pacientii provedeno ve
stejném roénim obdobi a visledky by byly zavadéjici.

Maodra oblast znazoriuje normu sérové koncentrace 25-OH Dj; (50-175 nmoll™).
Osa x

I=stav pfed zafazenim do sledované skupiny

2=stav pied 1. (kontrolni) fazi

3=stav pied 2. (terapeutickou) fazi, po odbéru krve byla podana tableta vitaminu D3
4=stav po 2. fazi

5=stav po 3. (sledovaci) fazi

Z laboratorni analyzy vyplynulo, Ze hodnoty krevniho obrazu, koncentrace homocysteinu,
kyseliny listové, ALT, AST i dalSich parametrti byly u vySetifovanych osob ve fyziologickém
rozmezi pted terapii 1 po ni. U jedné pacientky byl pfed zahajenim terapie zaznamenan
zvyseny pocet trombocyttl, a to i pfi opakovaném vysetieni (az 506 101!, kdy norma je 150—
400 10° 1), a proto byla Zena odeslana na specializované hematologické odd&leni.

Celkem 90 % pacientt pii dennich zaznamech uvedlo, Ze v pribéhu druhé (terapeutické) faze
méli nejméné dnt s vysevem aft (median 3,5 dne [0—16 dnti]) oproti prvni (kontrolni) a tfeti
(sledovaci) fazi (medidny deset dnti [7—17 dnti] a 10,5 dne [4—18 dnt], p = 0,08 a p = 0,05,
hodnoceno Wilcoxonovym parovym testem), viz graf 2. Pocet dnii s vysevem aft pozitivné
koreloval mezi v§emi tfemi fazemi (korelacni koeficenty = 0,792 a 0,765 a 0,905, p < 0,01,
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hodnoceno Spearmanovym korela¢nim testem). Zaznamy pacientli odpovidaly klinickému
nalezu pfi vySetienich.

Pocet dmi s vysevem aft béhem terapie
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Ciraf 2. Poéet dnd s visevem aft béhem terapic

Hodnocene Wilcoxonovim piarovym testem.

tema’fervend osoba= neutrdlni/negativni hodnoceni terapic subjektem
Osa x

1=stav v prib&hu 1. (kontrolni) faze

2= stav v prubéhu 2. (terapeuticke) faze

J=stav v prubdhu 3, (sledovact ) fhre

Podle subjektivniho hodnoceni pacientka €. 2 udala zhorSeni stavu, pacienti ¢. 7 a 10
nepozorovali béhem terapie zménu svého zdravotniho stavu a sedm osob bylo spokojeno,
nebot’ u nich doslo k méné ¢astému/zadnému vysevu aft a/nebo doba hojeni byla vyznamné
krat$i (graf 1). Subjektivni hodnoceni terapie pozitivné korelovalo s objektivnim klinickym
nalezem v prabehu druhé (terapeutické) faze (korelacni koeficent = 0,993, p < 0,001,
hodnoceno Spearmanovym korelacnim testem). U pacientky ¢. 2, kterd bezprostiedné po
terapii uvedla nespokojenost s terapii, byl po dvou mésicich od ukonceni terapie klinicky
nalez bez vysevu aft. Tato Zena méla opakované nejnizsi koncentrace vitaminu B1» z celé
sledované skupiny (161-197 pmoll!; norma je 145-569 pmoll™!). U pacienta &. 7, ktery je PM
a nepozoroval beéhem terapie zménu v souvislosti s RAS, bylo uvedeno, Ze byl celé tii mésice
permanentné ve stresu a témet permanentné (77 dni z 84) mél difuzni vysev aft. Tento muz
uvedl, Ze vice nez kazdy druhy den pozival alkohol. Pacientka ¢. 10 méla pfi vSech méfenich
sérové koncentrace 25-OH D3 pod dolni hranici normy, pouze v ptipadé¢ odbéru mésic po
podani suplementu byla stanovena hodnota 50,2 nmoll™.
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DISKUSE

Vitamin D a folat reguluji fadu mechanismi, které slouzi jako ochrana organismu pied
potencidlnimi environmentalnimi stresory. Nedavné poznatky shrnuté v praci od Jones a kol.
[8] ukazuji na interakce mezi UV zafenim, typem ktze, vitaminem D3, folaty a variabilitou v
genech kdédujicich receptor pro vitamin D a enzymy zapojené do folatového cyklu. Existuje
hypotéza nazvana ,,vitamin D-folat“, podle které se zbarveni klize vyvinulo jako vyrovnavaci
mechanismus pro udrzeni koncentraci obou vitamint [8, 9]. UV zafeni na jedné strané
stimuluje produkci vitaminu D v kizi, ale také mtze zpiisobit degradaci folatu pfi jeho
absorpci a/nebo oxidaci volnymi radikaly.

Soucasna doporuceni pro podavani vitaminu D a kyseliny listové jsou vyuzivana piredevsim v
prevenci fady onemocnéni, nebot’ jejich deficit je spojovan s rizikem a nastupem mnoha
chronickych stavii, jakymi jsou kardiovaskularni nemoci, diabetes mellitus a nddorova
onemocnéni. Koncentrace zejména vitaminu D je odli$na v riiznych ro¢nich obdobich, a po

cvwr

podstoupi jednotné na jate.

S ohledem na genetickou predispozici ke snizené funkci enzymu MTHFR u osob zatazenych
do studie jsme pacientim podavali aktivni folat, konkrétné glukosaminovou stl 5-
methylfolatu, kterd je oproti predchozi generaci folatl (vapenné soli 5-methylfolatu)
dlouhodobé stabilni, mé vysokou rozpustnost ve vod¢, lepsi biologickou dostupnost a
bezpecnost. Nepfipravili jsme glukosaminovou stl 5-methylfolatu a vitaminem Bé spolu s
vitaminem D3 do jedné 1€kové formy nejenom kviili jejich odlisSnym chemickym vlastnostem
(stabilita by nebyla optimalni), ale 1 proto, Ze jsme nejprve museli laboratorné ovéfit
(koncentrace Ca®" a funkce ledvin), Ze pacientiim bude mozné vitamin D3 podat. Lactosum
monohydricum jsme zvolili kvili jeho vlastnostem a také proto, Ze je jako pomocna latka
obsaZena v podavané tableté s vitaminem Ds3. Vitamin B2 jsme pacientiim neaplikovali
jednak z diivodl nutnosti poddvani obden (intramuskularné 300 pg), ale také proto, Ze
koncentrace tohoto vitaminu byla pfed terapii u v§ech osob v normé (i po terapii byly hodnoty
u vSech pacientil ve fyziologickém rozmezi).

Prvni (kontrolni) f4zi jsme do terapie zatadili proto, abychom eliminovali tzv. carry-over
effect, neboli pienos 1écebného efektu 1é¢by z predchoziho obdobi. Toto mésicni obdobi by se
dalo nazvat i ,,wash-out” fazi vylouceni vitaminovych preparat z organismu. Pacienti proto
vysadili potravinové dopliiky a neuzivali jiné vitaminové preparaty nez ty, které jsme jim pii
terapii podali.

Zvoleny metodicky ptistup je vhodny pouze pro studium chronickych, Zivot neohrozujicich
onemocnéni, jako je naptiklad RAS. Vyhodou tohoto designu studie je, ze 1ze porovnavat
obdobi bez uzivani vitaminovych preparatti s i¢inkem terapie u stejné osoby. Tento piistup
vyzaduje mensi pocet respondentli nez studie, pii které jedna skupina obdrzi placebo a druha
skupina 1é€ivy preparat. Obvyklou nevyhodu tohoto piistupu, Ze I1ze studovat jen kratkodobé
¢inky 1é¢by, jsme eliminovali zafazenim sledovaci faze. Zadny z pacientii neodstoupil v
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pribéhu terapie ze studie, coz mize ukazovat na jejich divéru v osettujiciho zubniho 1ékate a
u vétsiny i spokojenost s terapii a zlepSenim stavu v priabéhu druhé faze.

Za jeden z dulezitych faktorti v etiopatogenezi RAS je povazovéna také psychika pacientt.
Pozitivné mohla byt ovlivnéna uz samotnou tcasti ve studii a péci, ktera jim byla vénovana.
Na druhou stranu je vSak mozné i jeji negativni piisobeni a vyvolani urcité miry stresu, dané
opakovanymi navstévami zubni ordinace s odbéry Zilni krve i nutnosti podrobné vypliovat
zaznamov¢ archy. Expozici stresu v pritbéhu terapie pacienti subjektivné hodnotili a
zaznamenavali; vysledky jsou velmi variabilni (0-28 dni v kazd¢ z f4zi, minimum—
maximum).

U 80 % pacientli s RAS byla sérova koncentrace 25-OH D3 pfi ukonceni terapie v norme (graf
1), coz mohlo byt disledkem jednak ro¢niho obdobi s fadou slunnych dnt (jaro/1éto), ale také
podani suplementu vitaminu Ds3. Ve druhé (terapeutické) fazi byl v celé sledované kohorté
nejniz§i median poc¢tu dni s vysevem aft (graf 2) a 70 % osob subjektivné pozorovalo
zlepseni svého zdravotniho stavu (tab. 1). Terapii RAS s pouzitim modifikované Skachovy
kuary tak 1ze povazovat za GspéSnou. Pouze u pacientky €. 2 byla terapie netispésna. Jeji stav
se v pritbéhu 1éebné faze zhorsil (graf 2), a to jak subjektivné, tak i na zdklad€ objektivnich
vySetieni. Sérova koncentrace 25-OH D3 se po podani tablety tohoto vitaminu v nasledujicim
mesici snizila a v dal§im obdobi skokové zvysila nad normu (graf 1). Divody nejsou jasné,
jednim z moznych vysvétleni mlize byt i chyba pfi laboratorni analyze. Nicméné tato
pacientka je nyni (dva mésice) po ukonceni studie objektivné bez nového vysevu aft. U
pacienta ¢. 7, ktery je PM, se stav nezménil. Ackoliv doslo k mirnému zlepSeni v prubéhu
druhé (terapeuticke) faze, forma a frekvence vysevu aft je u néj stale zdvazna, coz mize byt i
dasledkem jeho Zivotniho stylu (permanentni stres, alkohol). Pacientka ¢. 10, ktera terapii
hodnotila neutralné, neméla vysev aft ve druhé¢ (terapeutické) fazi, ale subjektivné
nepozorovala zlepSeni. Jeji sérové koncentrace 25-OH Ds jsou 1 po suplementaci na spodni
hranici normy.

Vsem pacientim zatazenym do studie jsme doporudili, aby vzhledem ke své genetické
predispozici ke snizené aktivit¢ enzymu MTHFR v uzivani aktivniho folatu a vitaminu Be
pokracovali, a budeme je dale sledovat. Domnivame se, Ze je vhodné u nich kontrolovat také
koncentraci vitaminu D3 v séru a pfi jejim poklesu podat vitaminovy suplement.

Pilotni projekt planujeme rozsifit o dal3i pacienty s RAS. Modifikovanou Skachovu
vitaminovou kuru by bylo vhodné vyzkouset v riznych ¢asovych (pfipadné davkovych)
schématech. Vitamin D3 by mohl byt podavan i pacientiim, ktefi jsou normalni metabolizatoti
kyseliny listové (EM), pii sniZenych sérovych koncentracich 25-OH D3 a za neptitomnosti
kontraindikaci. Navrzeny terapeuticky pfistup neni kauzalni 1é¢bou, mize vSak byt povaZzovan
za personalizovanou profylaxi. Pro pochopeni etiopatogeneze onemocnéni RAS a naslednou
optimalizaci 1é¢by je nutny dalsi vyzkum.
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ZAVER

Navrzena modifikace Skachovy vitaminové kiiry se zda byt vhodna pro 1é¢bu pacientii s RAS,
u kterych je genetickd predispozice ke snizené funkci enzymu MTHFR, nebot’ béhem naseho
pozorovani doslo u 70 % pacientt k subjektivnimu i objektivnimu zlepSeni stavu.
Doporucujeme zvazit provedeni analyzy variability v genu MTHFR se snahou docilit
individualizace 1é¢ebného postupu zejména u pacientli s RAS, ktefi na standardné¢ podavanou
terapii neodpovidaji.
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Personalized therapy in patients with gastroesophageal reflux
disease — methodology of CYP2C19 gene profile’s determination
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Souhm: Uvod: Konzervativni lé¢ba refluxni choroby jicnu (GERD - gastroesophageal reflux disease) je v sougasnosti opfena o skupinu €k, které
nejucinnéji potlacuji sekreci kyseliny solné v zaludku, a to tzv. inhibitory protonove pumpy (IPP). | kdyz se nejedna o kauzalni |écbu onemocnéni,
jsou povaZovany a akceptovany jako léky volby,zlatého standardu”. Cilem retrospektivni studie bylo zmapovat medikace pacientt s GERD v riznych
stupnich onemocnéni, analyzovat jejich individudini variabilitu v genu kédujicim enzym cytochrom P450 (CYP2C19) a navrhnout metodiku pro
jednoduché stanoveni genového profilu pacienta s GERD pro zefektivnéni terapeutickych postupt. Metody: Do studie bylo zafazeno celkem
276 osob s GERD po chirurgickém zékroku se znamou farmakologickou anamnézou — 94 pacientl s neerozivni refluxni chorobou, 121 s refluxni
ezofagitidou a 61 s Barrettovym jicnem (BE - Barrett’s esophagus) nebo adenokarcinomem jicnu (EAC — esophageal adenocarcinoma). Stanoveni
genotypl dvou polymorfizmi genu CYP2C19 (*17 rs12248560 a *2 rs4244285) bylo zaloZzeno na principu kvantitativni polymerazové fetézové
reakce. Viysledky: Vice nez 90 % pacientl uzivalo IPP (omeprazol/lansoprazol/pantoprazol). Ackoli ve sledované kohorté predepsana davkovani
IPP odpovidala doporudeni pro udrzovaci terapii, u pacientll nebyla zohlednéna mira schopnosti G¢innou latku metabolizovat. Bylo zjisténo,
Ze nositelé genotypovych kombinaci obsahujicich variantu CYP2C9*17 determinujici fenotyp ultrarychlého metabolizdtoru (UM) maji nizsi
pravdépodobnost soubéznéhao vyskytu s variantou CYP2Ci19*2, kterd koduje fenotyp intermedidrniho nebo, $patného” metabolizatoru (IM nebo
PM), nez osoby se standardni funkci enzymu CYP2C19 (p = 0,001). Frekvence kembinaci genotypl (tzv. haplogenotypl) a ve vysledku fenotypll
UM/IM/PM byla mezi pacienty s GERD 37,3/16,7/1,4 %. Zavér: U pacient( s GERD by mél byt pfed zahajenim farmakoterapie IPP definovan jejich
genovy profil, resp. kombinace variant CYP2C19*17 a *2, ato vzhledem k jejich vysoké frekvenci v populaci a funkénimu metabolickému vyznamu.
Predpokladame, e by toto opatieni mehlo vést ke zvyseni efektivity farmakoterapie, a tim ke zlepseni kvality Zivota pacient( a snad i k prevenci
rozvoje zavaznéjsich stavi, jakymi jsou BE a EAC. Nestandardni schopnost metabolizovat IPP by mohla byt jednim z pfedpoklad(l k indikaci
chirurgického zékroku u pacienti s GERD.

Kli¢ova slova: farmakogenetika — gastroezofagedlni reflux — genovy polymorfizmus - inhibitory protonové pumpy - pomaly metabolizator -
ultrarychly metabolizator - CYP2C19*2 - CYP2C19*17

Summary: Introduction: Conservative treatment of gastroesophageal reflux disease (GERD) is currently based on a group of drugs that effectively
suppress the secretion of hydrochleric acid in the stomach, so-called proton pump inhibitors (PPI). Although these drugs do not target the cause
of the disease, they are considered and accepted as the“gold standard”for the treatment of this disease. The aim of this retrospective study was to
map medication of GERD patients in various phases of the disease, to analyze individual variability in the cytochrome P450 (CYP2C19) gene, and
to propose an effective method for the simple determination of the gene in GERD patients. Methods: The study included 276 GERD patients with
known pharmacological anamnesis who had undergone surgical treatment. The subjects included 94 patients with non-erosive reflux disease,
121 with reflux esophagitis, and 61 with Barrett's esophagus (BE) or esophageal adenocarcinoma (EAC). Genotypes of two polymorphisms
in the CYP2C19 gene (*17 rs12248560 and *2 rs4244285) were determined using quantitative polymerase chain reaction. Results: More than

m Gastroent Hepatol 2018; 72(4): 320328

182



Personalizovana terapie pacienty s gastroezofagealni refluxni chorobou — metodika stanoveni genového profilu CYP2C19

90% patients were treated with PPl (omeprazole/lansoprazole/pantoprazole). Although the prescribed PPI dosing in the studied cohort was
consistent with recommendations for maintenance therapy, the patients’ ability to metabolize the active substance was not considered. Carriers
of genotype combinations containing the CYP2C9*17 variant, which determines the ultra-rapid metabolizer (UM) phenotype, were less likely
to co-occur with the CYP2CT19*2 variant, which determines the intermediate or "poor” metabolizer (IM or PM) phenotype, than individuals with
the standard functioning CYP2C19 enzyme (p = 0.001). The frequencies of combinations of genotypes (haplogenotypes) and resulting UM/IM/
PM phenotypes were 37.3/16.7/1.4% in GERD patients. Conclusion: Prior to initiating PPl pharmacotherapy in GERD patients, determination of
CYP2C19 haplogenotypes (CYP2C19*17 and *2 variants) should be performed due to frequent occurence of these variants in population and their
functional metabolic significance. We presume that this approach will increase the effectiveness of pharmacotherapy, improve patient quality of
life, and very likely help prevent/reduce the risk of the development of more serious conditions, such as BE and EAC. The non-standard ability to
metabolize PPl in GERD patients may be one of the indicators for surgical intervention.

Key words: pharmacogenetics — gastroesophageal reflux — gene polymorphism - proton pump inhibitors - poor metabolizer - ultra rapid me-

tabolizer — CYP2C19*2 - CYP2C19*17

Uvod

Gastroezofagedlni refluxni choroba
(GERD - gastroesophageal reflux disease)
je chronické onemocnéni, které v zapad-
nich zemich postihuje 10-20 % dospélé
populace. Endoskopicky negativni/nee-
rozivni refluxni nemoc jicnu (NERD -
nonerosive reflux disease) je pfitomna
u vyznamné Easti (az 50 %) pacientd s re-
fluxnimi potizemi. Symptomy mohou byt
obvykle dobfe kontrolovatelné terapii,
dlouhotrvajici prabéh choroby vyznamné
zvysuje riziko rozvoje zanétu refluxni ezo-
fagitidy (RE), intestinalnich metaplastic-
kych zmén Barrettova jicnu (BE) a ade-
nokarcinomu ezofagu (EAC - esophageal
adenocarcinoma).

Lé¢ba onemocnéni je zaloZzena na
dietnich opatfenich, farmakoterapii
a piipadné endoskopické lé¢bé a chi-
rurgickém zdkroku, ktery je indikovan
velmi casto jako alternativa dlouho-
dobé medikamentézni terapie &i pfi vy-
znamné regurgitaci s rozvojem extrae-
zofagealnich pfiznakd.

Farmakoterapie u pacientd s GERD
Pfi farmakologickeé terapii jsou pacientim
s GERD pfedepisovéna léciva ze skupiny
inhibitord protonové pumpy (IPP), anta-
cid, alginatd, prokinetik a antagonistd hi-
staminovych receptord 2 (H2RA), piip.
jejich kombinace. V sou¢asnosti nejucin-
né&jii a nejvice vyuzivané v [é¢bé jsou IPP,
které ireverzibilné blokuji H'/K" ATPazu
protonové pumpy v parietalnich bufi-
kach zaludecni sliznice, coZ ovliviiuje se-
kreci vodikovych iontd, a tedy i pH.

Zatimco u pacientd s GERD bez RE
jsou vysledky dlouhodobé Iécby IPP
a podavani IPP dle aktudlni potieby
(tzv. terapie na vyZzadani - on demand)
srovnatelné, tak pii lé¢bé GERD se sou-
bé&Znou RE je kontinualni l1é¢ba IPP
efektivnéjsi [1]. Na druhou stranu se
pfi dlouhodobém uzivéani, které je ob-
vyklé vzhledem k chronické povaze
onemocnéni, mohou objevit neZa-
douci ucinky terapie, jako je osteopo-
roza v dasledku snizeného vstrebavani
minerald, snizené vstiebavani vitaminu
B,, a Zeleza, a déle pak, zejména u star-
Sich pacientd, napf. chronické onemoc-
néni ledvin nebo demence [2]. U nové
vyvijenych molekul ze skupiny IPP je
proto snaha zlepsit jejich farmakody-
namické a farmakokinetické vlastnosti,
napf. ¢asové rozvolnit efekt lé¢iva na
zménu pH, a tim sniZit vyskyt nezadou-
cich a¢inkd z toho pramenicich; pfi-
padné snizit jejich interakéni potencial
dany ucasti cytochromalnich enzyma
v metabolizmu [3].

Vzhledem k zasadnimu vyznamu
IPP ve farmakoterapii pacientd s GERD
hraje velky vyznam identifikace fak-
tord, které mohou nedaspéinost této
|écby pfedem predikovat. Mezi tyto
faktory se fadi funk&ni poruchy tra-
veni u pacientd s GERD [4], NERD [5]
nebo nestandardni metabolizace
IPP. Neopomenutelnym faktorem zG-
stdva také nedostatecnd adherence
pacientd k lé€bé [6]. Klicovym na-
strojem pro potvrzeni podezieni, Ze
pacient patii mezi nonrespondéry na

IPP terapii, je u pacientd s GERD 24ho-
dinovad pH-metrie jicnu (monitoring
pH-impedance) [7,8].

Metabolizace IPP a lékové
interakce
Véechny IPP (omeprazol, lansoprazol,
pantoprazol, esomeprazol, rabepra-
zol a dexlansoprazol) jsou metaboli-
zovany v jatrech enzymy cytochromu
P450, jejichZ aktivita je ovlivnéna jak
vnéjsimi, tak i vnitfnimi faktory. Na bio-
transformaci se primarné podili izo-
enzym CYP2C19, v men3i mife také
CYP3A4, pficemz vyznam izoenzymu
CYP3A4 nartista pravé u jedinct s gene-
ticky nefunkénim CYP2C19 [9].
CYP2C19 je pfitom zodpovédny nejen
za metabolizaci IPP, ale i fady dalsich
béiné uzivanych léctiv ze skupiny an-
tiepileptik, antidepresiv, antimyko-
tik a antiagregancii (napf. klopidogrel).
Interakéni potencial s klopidogrelem
je nejvyssi u omeprazolu, zatimco u ra-
beprazolu je nejnizsi ze viech IPP [10].
Vzhledem k tomu, Ze IPP zvy3uji intra-
gastrické pH, mohou ovlivnit mnoz-
stvi neionizované frakce, a tedy vstieba-
vani nékterych léciv. U slabych kyselin
je rozpustnost a vstfebavani zvysena,
naopak u slabych bazi snizena. Vétsina
dosud popsanych lékovych interakci
IPP se viak vysvétluje na drovni ovliv-
néni jejich metabolizmu, jedna se o inhi-
bici nebo o indukci izoenzymi CYP2C19
nebo CY3A4. Nékteré z IPP jsou navic
samy také inhibitory CYP2C19, napi.
omeprazol [11].
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Genove varianty CYP2C19

a jejich klinicky dopad

Zména aktivity enzymu CYP2C19 ne-
musi byt zplsobena pouze shora uve-
denymi lékovymi interakcemi, ale i ge-
netickou dispozici jedince [12,13].
V odborné literatufe je pozornost vé-
novana pfedeviim asociaci mezi geno-
typem CYP2C19 pacienta a mirou eradi-
kace Helicobacter pylori [14].

Do soucasnosti bylo v genu kédujicim
enzym CYP2C19 nalezeno > 49 variant-
nich alel, klinicky dopad je viak znam
pouze u 9 z nich. Jen u jedné varianty
(oznacované jako *17 rs12248560) byl
zjistén ultrarychly metabolizmus IPP
v disledku bodové mutace v regu-
laéni &asti genu a nasledné zvysené ge-
nové expresi a aktivité enzymu. Alela
CYP2C19*17 predikuje nositele k neefek-
tivnimu Géinku standardnich dévek IPP;
fenotypové se jedna o tzv. ultrarychlé
metabolizatory (UM). Viechny ostatni
variantni alely jsou charakterizovany sni-
Zenou aktivitou enzymu CYP2C19 nebo
uplnou ztratou jeho enzymatické funkce
(*2, *2B, *3, *4, *6, *7, *8). Mezi té-
mito je populacné nejcetnéjsi variantni
alela CYP2C19*2 (rs4244285). Tato bo-
dovéd mutace, charakteru zamény gua-
ninu za adenin v pozici 681 v exonu 5,
je zodpovédna za vznik nového abe-
rantniho mista sestfihu v aminokyseli-
nové sekvenci genu, coz vede k expresi
zkraceného a nefunkéniho proteinu
CYP2C19 [15]. Homozygotni nositelé
dvou standardnich alel jsou oznado-
vani jako extenzivni metabolizatofi (EM),
osoby s jednou variantni alelou jako in-
termedidrni metabolizatofi (IM), cozZ se
klinicky projevi zpomalenim metaboli-
zmu substratd tohoto enzymu. Pokud
jsou pfitomny dvé variantni alely *2*2,
vede to ke kompletnimu deficitu enzy-
matické aktivity CYP2C19 a tito nositelé
jsou oznacovani jako pomali metabo-
lizétofi (PM) [12], i kdyz pfizna¢néjsi by
pravdépodobné bylo oznaceni ,$patni”
metabolizatofi.

O vysledném fenotypu, resp. funkéni
aktivité enzymu CYP2C19, tak rozho-
duje vzdjemna kombinace pfitom-

Gastroent Hepatol 2018; 72(4): 320-328

nosti variantnich alel. Jelikoz je exprese

CYP2C19 vyznamné ovlivnéna geno-

vymi polymorfizmy, je u léciv jim meta-

bolizovanych uvedeno upozorné&ni na

tuto skute€nost nebo preskripéni ome-

zeni na strankach Ufadu pro kontrolu

potravin a léciv (FDA - Food and Drug

Administration) [16].
Cilem nasi studie bylo:

1.zmapovat uZivani léciv u pacientd
s riznymi stupni GERD,

2. analyzovat jejich individuaIni variabi-
litu v genu kédujicim CYP2C19,

3. navrhnout metodiku pro jednoduché
stanoveni genového profilu pacienta
s GERD pro zefektivnéni terapeutic-
kych postup.

Soubor pacient a metodika

Do retrospektivni studie s designem ,case-
-case” (porovnavani skupin pacientd NERD
vs. RE/BE + EAC i RE vs. BE + EAC) bylo zahr-
nuto 276 osob (z toho 94 pacienttl s NERD,
121 jedinci s RE a 61 pacientl s BE nebo
EAC), které v letech 2004-2011 podstou-
pily zékrok (laparoskopickou fundoplikaci
pro GERD a BE, resekéni zakrok pro EAC)
na Chirurgické klinice LF MU a FN Brno.
Pacienti byli k zakroku odesilani z Interni
gastroenterologické kliniky LF MU a FN
Brno; GERD jim byla diagnostikovana na
zakladé klinickych symptomd, jako je pa-
leni Zahy a/nebo regurgitace kyseliny s ob-
jektivizaci pomoci 24hodinové pH-metrie,
ezofagogastroduodenoskopie, manome-
trie jicnu a histologického vysetreni. Pa-
tologicky kysely reflux byl definovan dle
DeMeester score nad 14,7. Kritéria pro za-
fazeni do studie byla nasledujici: osoby
Ceské narodnosti starsi 18 let, diagnéza
GERD s naslednou chirurgickou terapif,
dostupné tdaje o farmakoterapii. Vylou-
ceni byli pacienti s achalazii nebo s diver-
tikly jicnu.

V souladu s Helsinskou deklaraci pa-
cienti pfed zafazenim do studie pode-
psali informovany souhlas schvdleny
Etickou komisi FN Brno (NPV 2B 06060).

Geneticka analyza
Pacientim bylo odebrano 9 ml periferni
krve do zkumavky s protisrazlivym cini-

dlem (EDTA). Genomova DNA byla izolo-
vanazleukocyt pomocifenol-chlorofor-
mové extrakce s pouZitim izopropanolu
a proteinazy K na Ustavu patologické fy-
Ziologie, LF MU Brno. Na principu kvan-
titativni fetézové reakce v redlném case
byly stanoveny dva jednonukleotidové
polymorfizmy (SNP - single nucleotide
polymorphisms)vCYP2C19(*17r512248560
a *2 rs4244285) pomoci fluorescenéné
znacenych sond 5’ nuclease TagMan®
assay (C_469857_10 a C_25986767_70,
Thermo Fisher Scientific, Waltham, Mas-
sachusetts, USA) dle protokolu od vy-
robce. Fluorescence byla méfena po-
moci pfistroje LightCycler 96 (Roche
Diagnostics, Basilej, Svycarsko) a fluo-
rescenéni zmény v realném case byly
analyzovany pomoci softwaru Light-
Cycler 96 Application Software a Light-
Cycler 96 Instrument.

Statisticka analyza

Vyznamnost rozdilld v alelickych frek-
vencich mezi jednotlivymi skupinami
byla hodnocena Fisherovym testem.
Signifikance odchylek od Hardy-Wein-
bergovy rovnovahy pro kazdy poly-
morfizmus a rozdily ve frekvencich
genotypt (i jejich kombinaci, tzv. ha-
plogenotypi) jsme testovali pomoci
x>-testu. Haplotypova analyza byla pro-
vedena pomoci programu SNP ana-
lyzer v. 2.0 (http://snp.istech21.com/
snpanalyzer/2.0/). Rozdily ve frekvencich
haplotypl byly pocitany permutacnim
testem a hodnota p < 0,05 byla povazZo-
vana za statisticky vyznamnou.

Vysledky

Demograficky popis studované po-
pulace v¢. farmakoterapeutickych
adaja je uveden v tab. 1. Vékovy pra-
mér 276 pacientl s GERD zafazenych
do studie v dobé hospitalizace byl
46,4 + 13,4 let, z toho bylo 166 muzi
(ve véku 44,9 + 13,3 let) a 110 Zen (ve
véku 48,6 + 12,6 let). Primérny body
mass index (BMI) byl u pacient( s GERD
26,3 + 3,3 kg/m?. BE nebo EAC byli castéji
postiZzeni muzi (72,1 %). Pfed operaci byl
u 89,9 % pacient( s GERD piitomen ky-
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Tab. 1. Demograficky popis studované populace a farmakoterapie GERD.
Tab. 1. Demographic description of the studied population and pharmacother-
apy of GERD.

NERD RE BE + EAC
Pocéet pacientii (n) 94 21 61
Pohlavi - muzi (%) 45 (47,9) 77 (63,6) 44(72,1)
Vék - priimér + SD (roky) 445+14,1 450+12,2 52,0+121
H. pylori (%) 6(6,4) 14(11,6) 3(4,9)
IPP (%) 85 (90,4) 115 (95,0) 51(83,6)
OME (%) 46 (48,9) 77 (63,6) 34(55,7)
LANSO (%) 17 (18,1) 19(15,7) 8(13,1)
PANTO (%) 1,7 8(6,6) 4(6,6)
Prokinetika (%) 36 (38,3) 49 (40,5) 18(29,5)
Polypragmazie (%) 17 (18,1) 15(12,4) 13(21,3)

GERD - gastroezofagealni refluxni choroba, NERD — neerozivni refluxni choroba jicnu,

RE - refluxni ezofagitida, BE + EAC — Barrett(v jicen + adenokarcinom jicnu, H. pylori — Heli-
cobacter pylori, IPP — inhibitor protonové pumpy, OME — omeprazol, LANSO - lansoprazol,
PANTO - pantoprazol, SD - smérodatnd odchylka, n — pocet

Tab. 2. Genotypové frekvence CYP2C19 u pacientid s GERD.
Tab. 2. CYP2(C19 genotype frequencies in patients with GERD.

NERD RE BE + EAC
CYP2C19*17 (rs12248560)
CC (EM) *1%1 50(53,2) 66 (54,5) 36 (59,0)
CT (UM) *1*17 39 (41,5) 47 (38,8) 20(32,7)
TT(UM*17#17 5(53) 81(6,6) 5(82)
MAF 49 (26,0) 63 (25,8) 30 (24.6)
CYP2C19*2 (rs4244285)
GG (EM) *1*1 69 (73,4) 91(75,2) 45(73,8)
GA (IM) *¥1%2 24 (25,5) 29 (24,0) 14(23,0)
AA (PM) *2%2 1(1,1) 1(0,8) 2(33)
MAF 26(13,8) 31(12,7) 18 (14,8)
CYP2C19*17/ CYP2C19%2
Haplogenotyp
TTGG (UM) *17*17/*1%1 5(53) 81(6,6) 5(8,2)
CTGG (UM) *1#17/%1*1 29(30,9) 39(32,2) 17 (27,9)
CTGA (AM) *1*17/%1*2 10(10,6) 8(6,6) 3(49)
CCGG (EM) *1*1/*1%1 35(37,2) 44 (36,4) 23(37.7)
CCGA (IM) *1*1/*1%2 14(14,9) 21(17,4) 11(18,0)
CCAA (PM) *1*1/%2*2 1(1,1) 1(0.8) 2(33)

GERD - gastroezofagealni refluxni choroba, NERD - neerozivni refluxni choroba jicnu,
RE - refluxni ezofagitida, BE + EAC — Barrettiv jicen + adenokarcinom jicnu, CYP2C19 —
cytochrom P450 2C19, PM - ,Spatny” metabolizitor, IM - intermedidrni metabolizitor,
EM — extenzivni (normalni) metabolizitor, AM — ambivalentni metabolizator, UM — ultra-
rychly metabolizator, MAF - frekvence minoritni alely

sely reflux, zatimco po operaci byl proka-
zan pouze u 15,2 % osob (p < 0,000001).
U 12 pacient( doslo k progresi onemoc-

néni do zavaznéjiiho stadia onemoc-
néni a naopak u 7 k objektivnimu zlep-
Seni v pribéhu sledovaného obdobi

(v rozmezi let 2004-2011). U 3 pacientd
se stav z plvodni diagnozy NERD rozvi-
nul do EAC, ani jeden z téchto pacientd
neuzival IPP.

Farmakoterapie

Z dostupnych lékafskych zaznami vy-
plynulo, Ze 45 pacientd s GERD (16,3 %)
z naseho souboru uZiva soucasné vice
nez pét lécivych pfipravka (tab. 2), coz
je definovano jako polypragmazie. Cel-
kem 90,9 % pacientd sledované ko-
horty uZivalo nékteré lé¢ivo ze skupiny
IPP, 103 pacientt (37,3 %) brale proki-
netika (itoprid, metoklopramid). Pouze
jeden pacient uzival écivo ze skupiny
H2RA (ranitidin). Mezi dal3imi byla nej-
castéji zastoupena léciva ovliviujici kar-
diovaskuldrni systém (antihyperten-
ziva, antiarytmika a organické nitraty),
kterd uzivalo 23,6 % pacient(, a psycho-
farmaka (antidepresiva, antiepileptika
a anxiolytika) uZivana 13,3 % pacientd
s GERD. V nami sledované kohorté uzi-
valo 19 pacientd (6,9 %) soucasné s IPP
jiné lécivo (citalopram, escitalopram,
sertralin, fluvastatin, fenofibrat, celeko-
xib a methotrexat), u néhoz je popsano
potencidlni riziko |ékové interakce na
trovni metabolizmu.

Ze skupiny IPP byl nejcastéji (62,5 %)
pacientdm s GERD podéavan omepra-
zol s medianem denni davky 20mg
(min.—max., 20-60 mg), dale pak v 17,5 %
lansoprazol s medidnem denni déavky
30mg (30-60mg) nebo v 9,2 % panto-
prazol s medidnem denni davky 40mg
(20-40 mg). U dalsich 13,1 % pacientd
byl pfedepsan jeden z téchto IPP, v zizna-
mech viak chybél idaj o konkrétnim typu
IPP a zvoleném davkovéni. U 7 pacientd
doslo v pribéhu uZivani ke zméné typu
IPP. Pozitivni nalez H. pylori byl zazname-
nan u 8,3 % pacientd a median davko-
vani omeprazolu u nich byl 20mg/den
(20-60mg), u 1 pacienta byl pfedepsdan
pantoprazol v ddvkovani 40mg/den.

Genovy profil CYP2C19

Nezaznamenali jsme rozdily ve frek-
vencich alel ani genotypi u obou stu-
dovanych SNP mezi jednotlivymi
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skupinami pacientd s GERD, oba hod-
nocené SNP byly v Hardy-Weinber-
gové rovnovaze (p > 0,05) (tab. 2). Ve
studované populaci bylo zastoupeno
44,9 % pacientd, ktefi nesou alespon
jednu alelu CYP2C19*17 (rs12248560),
a 25,7 % nositeld alespon jedné alely
CYP2C19*2 (rs4244285). Na zdkladé hap-
logenotypové analyzy byl zjistén signifi-
kantni rozdil ve frekvencich variant kodu-
jicich EM a IM + PM vs. UM a ambivalentni
metabolizétor (AM) (p = 0,001) (tab. 3);
v nadf praci jsme fenotyp u pacientd
s haplogenotypem *1*17/*1*2 origi-
nalné oznadili zkratkou AM. Zastoupeni
pacientd s GERD a soucasné s fenoty-
pem AM bylo 7,6 %. Analyza vazebné
nerovnovahy ukazala, ze byly varianty
CYP2C19*2 a CYP2C19*17 v kompletni
vazebné nerovnovaze (|D’| = 1,0).

UzZivani IPP ve vztahu

k fenotypu CYP2C19

Vice nez 10 % pacienti s fenotypem UM
(dle haplogenotypu), kterych bylo cel-
kem 103, neuzivalo Zadny IPP. Ti, ktefi
v ramci farmakoterapie méli IPP prede-
psan, uzivali ve 49,5 % omeprazol s me-
didnem denni davky 20 mg (20-60mg),
pfipadné lansoprazol/pantoprazol s me-
dianem 30mg/den (30-60mg), resp.
40 mg/den (20-40mg). Osm pacientd
s fenotypem UM a s pozitivhim nalezem
H. pylori mélo pfedepséno davkovani
omeprazolu s medidnem denni davky
40mg (20-40mg) nebo 40 mg panto-
prazolu za den. Viichni 4 pacienti s fe-
notypem PM (dle haplogenotypu) uzi-
vali IPP, a to omeprazol v denni davce
40mg. U 2 z téchto pacientd se rozvinul
BE, 1 pacient mél RE a u 1 osoby byl za-
znamenan NERD.

Diskuze

Az u 40 % pacientt s GERD pretrvavaji
priznaky refluxu, a to i pfes terapii IPP.
Vrecentni piehledové praci jsou shrnuty
dikazy pro indikace chirurgického, resp.
endoskopického pfistupu k terapii GERD
u pacient( nereagujicich na konzerva-
tivni Iécbu s podavanim IPP. Laparosko-
picka fundoplikace dle autori posky-
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Tab. 3. Haplogenotypové frekvence CYP2C19 u pacientd s GERD.
Tab. 3. CYP2C19 haplogenotype frequencies in patients with GERD.

CYP2C19*2 (rs4244285)
#1%1 #1%2 *2%2
CYP2C19*17 *1*1 102 (37,0) 46 (16,7) 4(14)
(rs12248560)  4y.q7 85 (30,8) 21(7,6) 0
77 18(6,5) 0 0

GERD - gastroezofagealni refluxni choroba, CYP2C19 - cytochrom P450 2C19

tuje prokazatelnou Ulevu od symptom
az na 10 let, i kdyz jeji u¢innost éasem
klesa [17]. Nase vysledky po méreni
pH-impedance u pacientd s GERD
pred operaci a po ni jsou rovnéZ dika-
zem o pfinosu tohoto terapeutického
pristupu.

Chirurgicky zakrok u pacient( s GERD
je indikovan predeviim u mladsich
pacientd, a proto je v nasi studii celkové
zastoupeni pacientli s polypragma-
zii relativné nizké. Nejvice osob s poly-
pragmazii jsme zaznamenali ve skupiné
pacientl s BE + EAC (u 21 % z nich), coz
muze souviset s jejich vy$sim pramér-
nym vékem (tab. 1), nebot se zvysujicim
se vékem stoupa polymorbidita. V po-
pulaci senior(l se uvadi incidence po-
lypragmazie v rozmezi 30-60 % [18].
Témeér 90 % pacientd, ktefi podstoupili
chirurgicky zakrok z indikace GERD, sou-
casné uzivalo néktery z IPP 1. generace,
tedy omeprazol, lansoprazol nebo pan-
toprazol. Medidn denni davky omepra-
zolu byl 20 mg, coz je dle guidelines pfi
udrZovaci lé¢bé davka standardni. Na
druhou stranu je viak u pacientd, ktefi
maji endoskopické zmény na sliznici
jicnu, doporuéovana vyrazné vy3si denni
davka, a to 60-80mg omeprazolu nebo
60 mg lansoprazolu nebo 80mg pan-
toprazolu [19]. U pacientd s BE + EAC
uzivajicich lansoprazol bylo toto do-
poruceni dodrZeno, zatimco v pfipadé
omeprazolu a pantoprazolu byl me-
dian preskripce denni davky pouze
40mg.

Ackoli miZeme konstatovat, Zze pfede-
psana davkovani IPP nasledovala dopo-
ruceni, u pacientd nebyla zohlednéna in-
dividudIni mira schopnosti ucinnou latku

metabolizovat. Vy3etfeni schopnosti me-
tabolizace IPP neni v CR standardné pro-
vadéno, i kdyz je znamo, Ze nejen volba
vhodného davkovani, ale také kon-
krétniho IécCiva ze skupiny IPP nabyva
u pacientd s variantnimi alelami v genu
pro CYP2C19 zdsadniho vyznamu.

Mezi jednotlivymi IPP existuji znacné
rozdily v biotransformaci vzhledem
k rozdilné mife, jakou se na metaboli-
zmu jednotlivych IPP podileji oba izo-
enzymy (CYP2C19 a CYP3A4), pfip. na-
kolik se uplatfiuji jiné, neenzymatické
cesty metabolizace [20,21]. JelikoZ je
rabeprazol primarné metabolizovan
neenzymaticky a enzyma CYP vyuZivad
pouze omezené [22], tak vyznam indi-
vidualni variability v genu CYP2C19 ma
u pacientd uzivajicich rabeprazol mensi
vyznam ve srovnani napf. s omeprazo-
lem. Domnivame se proto, Ze rabepra-
zol by byl nejvhodnéjsim kandidatem ze
viech IPP v sou¢asnosti registrovanych
a distribuovanych v CR pro lé¢bu GERD
u pacient( s variantnimi alelami v genu
CYP2C19, obzvlaté u pacientd s feno-
typy PM a UM. Rabeprazol je navic spo-
jovan i s nejvyssii efektivitou eradikace
Helicobacter pylori [14].

Nelze viak Fici, Ze rabeprazol je nej-
lep3i IPP. Z vysledki recentni studie po-
rovnavajici ucinnost a snasenlivost
jednotlivych IPP v davkach doporuco-
vanych dle FDA vyplynulo, Ze napf. pro
hojeni sliznicnich erozi a ulevu od pa-
leni Zahy je nejvhodnéjsi esomeprazol
v ddvce 40 mg/den. Déle autofi zjistili,
Ze dexlansoprazol, rabeprazol a omepra-
zol vykazovaly niz3i uc¢innost a snasenli-
vost neZ esomeprazol, pantoprazol nebo
lansoprazol [23].
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frekvence fenotypu dle
haplogenotypu CYP2C19
v Eeské populaci
(vysledky nasi studie)

fenotyp dle aktivity
enzymu CYP2C19

H. pylori nalez

negativni -
pozitivni +
doporucena terapie
davkovani

standardni —_—
100-200% —

standardniho

vlastnosti IPP

OME - omeprazol,

LANSO - lansoprazol,

ESOME - esomeprazol,

PANTO - pantoprazol,

RABE - rabeprazol,

DEX LANSO - dexlansoprazol,
IPP - inhibitor protonové pumpy,
PM - ,3patny” metabolizétor,

IM - intermedialni metabolizator,
EM - extenzivni metabolizator,
AM - ambivalentni metabolizator,
UM - ultrarychly metabolizéitor

14%

16,7 %

PM IM EM

pii selhani IPP terapie

autoinhibice u EM

vyuziti CYP2C19
pii metabolizaci IPP

interakéni potencial
s klopidogrelem

370%

76% 37.3%

AM UM

chirurgicky
zakrok

efektivita eradikace
H. pylori

Schéma 1. Doporuéend terapie u pacientd s GERD na zikladé stanoveného fenotypu CYP2C19.
Scheme 1. Recommended therapy in patients with GERD according to the CYP2C19 phenotype.

Je také znamo, Ze pfi opakovaném po-
déni omeprazolu se rozdil ve farmakoki-
netice mezi pacientem s fenotypem EM
a PM snizuje. Zatimco u EM dochazik in-
hibici CYP2C19 samotnym omeprazolem
(tzv. autoinhibice) a nasledné k ¢astecné
kumulaci lé€iva, u PM k autoinhibici ne-
dochazi v disledku nefunkénosti en-
zymu CYP2C19 a castecna kumulace
|éCiva je dana jeho zpomalenym odbou-

ravanim. Autoinhibice se neuplatiuje
u lansoprazolu a pantoprazolu [11].

Dle doporuceni FDA je u pacientd s fe-
notypem UM nebo pfi eradikaci Helico-
bacter pylori vhodné zvysit denni davku
IPP na 100-200 % a petlivé sledovat, zda
je odpovéd na terapii dostatetna. Pro
ostatni fenotypy zadna doporuceni k tera-
pii IPP ze strany FDA nejsou [16,24]. Vzhle-
dem ke skutecnosti, Ze zvolené davkovani

omeprazolu i pantoprazolu bylo v naiem
souboru standardni, se Ize domnivat, ze
u pacient( s GERD a fenotypem UM mohla
byt v disledku jejich genetické dispozice
zvolend lécba nedcdinnd/méné Gcinna.
Rovnéz u pacientd uZivajicich lé€iva s in-
terakénim potencialem s IPP nebyl prav-
dépodobné vysledek terapie optimalni.
IPP jsou nedilnou soucasti jakéhokoli
eradikacniho schématu Helicobacter py-
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fori, a to v davkach 2x vyiiich, ne jsou
standardni udrZzovaci davky. Metaana-
lyza studil zaméfenych na dcinnost era-
dikace v souvislosti s genetickymi va-
riantami CYP2C19 zjistila vyznamné
rozdily u jednotlivych skupin metaboli-
zatori uZivajicich omeprazol a lansopra-
zol, naopak u esomeprazolu a rabepra-
zolu (IPP 2. generace) nebyla Gcinnost
eradikace ovlivnéna. Vysledky klinického
hodnoceni eradikaénich rezimi doku-
mentuji vy5si rychlost a vy3si Uspésnost
eradikace u pacient( s fenotypem PM ve
srovnanis EM [25,26].

V nasi kohorté mélo pouze 23 pacientl
pozitivni ndlez Helicobacter pylori a vét-
sina méla pfedepséno davkovani IPP po-
loviéni, nez je doporucovano [19]. Jelikoz
8 z nich patfi navic mezi UM, je zfejmé,
Ze nastavend denni doporuéena davka
IPP pro né nebyla dostateénd. Pravé ge-
notypizace CYP2C19 se tak mdze stat
uZite¢nym nastrojem pro rozhodovani
o optiméalnim eradikanim reZimu Heli-
cobacter pylori zalozeném na terapii IPP
v kombinaci s antibiotickymi preparaty.

U UM pacientd |ze pfedpoklidat, ze
mohou byt nonrespondery IPP terapie,
proto by stanoveni fenotypu mohlo byt
vyuZito jako jeden z predpokladi k indi-
kaci chirurgické |é¢by - zejména v pfi-
padé, 7e jsou pacienti s GERD i Helico-
bacter pylori pozitivni. Nade vysledky,
které jsou podloZeny i zavéry zahra-
ni¢nich studii zabyvajicich se IPP tera-
pii u pacient( s GERD a moiZnym efek-
tem jejich individualni variability v genu
CYP2C19, jsme shrnuli v doporucenich
uvedenych na schématu 1.

Legenda ke schématu 1

Po analyze genu CYP2C19 jsme zjistil,
Ze v ceské populaci je 1,4 % pacientd, je-
JichZ schopnost metabolizovat nékteré
Z IPP (omeprazol, esomeprazol, panto-
prazol, dexlansoprazol, lansoprazol),
Jje Spatnd z ddvodu nizké aktivity jejich
enzymu CYP2C19. Jednd se o PM, u kte-
rych se farmakoterapie zahrnujici ra-
beprazol jevi dle aktudlnich poznatkd
Jjako nejlepsi volba. Jeliko? je toto IPP
metabolizovdno s minoritnim vyuZitim

cent Hepatol 20

v = metodika st

ealni refluxni chor

enzymu CYP2C18, je moZné mit ddvko-
vdni IPP vice pod kontrolou, tim padem
i sniZit nebezpedi neZddoucich déinkd
z divodu preddvkovdni, a rovnéz léko-
vych interakci na drovni cytochromu
P450. Navic u PM s GERD a pozitivnim
ndlezem H. pylori je rabeprazol vhodny
také s ohledem na jeho vysokou efekti-
vitu pfi eradikaci H. pylori.

Vice nez 1/3 sledovanych pacienti
s GERD mad fenotyp EM, a tedy stan-
dardnf aktivitu enzymu CYP2C19. Pro
farmakoterapii téchto osob Ize pfi ne-
gativnim ndlezu H. pylori predepsat ja-
kékoli lé€ivo ze skupiny IPP. U EM (na
rozdfl od PM) dochdzi k autoinhibici en-
zymu CYP2C19 pii uzivani omeprazolu,
a proto je omeprazol pro EM vhod-
nym lécivem s piihlédnutim na mini-
malizaci neZddoucich Géinkd. Pokud
maji EM s GERD pozitivni ndlez H. py-
lori, pak je doporuéovdno zvyiit ddvko-
vdnivybranych IPP (omeprazol, esome-
prazol, pantoprazol, dexlansoprazol,
lansoprazol) az na 200 % standard-
niho ddvkovdni dle SPC nebo opét zvo-
lit rabeprazol ve standardnim rezimu
ddvkovdni.

AZ 37,3 % pacientd s GERD, ktefi fe-
notypové odpovidaji UM, je v pfipadé
negativniho ndlezu H. pylori moino za-
lécitviemitypy IPF. mélo by seviak zvo-
lit 100-200 % standardniho ddvkovdni
dle SPC (s vyjimkou rabeprazolu, kde
ddvkovdni miZe zistat obvykié). Ac-
koli je u UM s pozitivnim ndlezem Heli-
cobacter pylori moZné pfedepsat rabe-
prazol, tak je vysokd pravdépodobnost
neuspéchu farmakoterapie IPF, a proto
navrhujeme indikaci chirurgického zd-
kroku u této skupiny pacienttl (pFi se-
Ihdnf terapie IPP a ptetrvdvajicich obti-
Zich lékari pristupuji u pacientd s GERD
mimo jiné i k chirurgickému zakroku.)

U pacientd s IM, a pfedeviim s AM
fenotypem neni aktivita enzymu
CYP2C19 jednoznacné definovand,
a tudiZ ani neexistuji 2ddnd klinickd
doporudeni. Piikldnime se k tomu, Ze
by u nich zpdsob terapie mohil kopiro-
vat doporuéenl pro extrémni fenotypy,
tedy PM, resp. M.

Neocekavali jsme, Ze by mezi jed-
notlivymi skupinami pacientd s GERD
bylo vyznamné vy33i/ni23i zastoupen(
alel CYP2C19*17 nebo *2, nebof sledo-
vané genové polymorfizmy nezasahuji
do patogeneze onemocnénl. V evrop-
ské populaci je frekvence vyskytu mino-
ritni alely (MAF) CYP2C19*2 (rs4244285)
14,5 % [27], v Ceské populaci je to
13,0 % [28]. Data tykajici se MAF CYP2
C19*17 v ¢eské populaci nejsou dosud
k dispozici, pro evropskou populaci se
uvadi hodnota 22,4 % [29]. Nade wy-
sledky, kdy MAF pro alelu *2 byla 13,6 %
a pro alelu *17 byla 25,7 %, odpovidaj
frekvencim v evropské populaci. Uka-
zalo se, Ze u pacient( po chirurgickém
zakroku pre GERD je frekvence osob
s abnormalni metabolizaci IPP shodna
s frekvenci téchto fenotypi v celé popu-
laci. Aékoli by se nabizelo, Ze fenotyp ab-
normdinfho IPP metabolizétora bude ve
skupiné pacientd s GERD po laparosko-
pickeé fundoplikaci zastoupen castéji nez
u pacientd s GERD lé¢enych jen konzer-
vativné, tak nase vysledky nic takového
nepotvrdily. Vysvétleni spociva v tom,
Ze k selhani IPP terapie dochdzi z vicero
dlvodd a Ze ne u viech osob, u kterych
konzervativni Iécba selhava, je vhodné
indikovat chirurgicky zakrok.

Podle priace Lewis et al [30] se va-
riantni alela CYP2C19*17 nevysky-
tuje v haplotypu spolecné s variantni
alelou CYP2C19*2, obé alelové va-
rianty jsou v tzv. vazebné nerovnovaze.
Vysledky nasi haplotypové/haploge-
notypové analyzy tyto vysledky potvr-
zuji. Recentni studie zaméfend na déti
s GERD prokazala klinicky vyznam va-
rianty CYP2C19*17 a jeji autofi ve shodé
s nami doporuduji pfed zahdjenim lééby
IPP geneticke testovani [31], nebot zvy-
£ena aktivita CYP2C19 (nositelé variantni
alely *17), a tudiZ zrychlené odbouravani
Géinné latky, mize byt pficinou selhani
terapie. Pro jednoznatné definovani fe-
notypu dle nadeho ndzoru neni dostacu-
jici stanoveni pouze této jedné z variant-
nich alel. Ackoli maji léCiva ze skupiny
IPP obecné dobrou toleranci [32] a ge-
neticky podminéné zvyieni koncent-
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race u pacientd s fenotypem PM [33]
se nemusi projevit toxicky, nelze zane-
dbat riziko nezidoucich Gcinka dlou-
hodobé terapie, které by mohlo byt lo-
gicky u pacientd s timto fenotypem
vys3i. Z téchto divodi doporu¢ujeme
stanoveni polymorfizma CYP2C19*17
i CYP2C19*2, nebot zvy3eni ekonomic-
kych nakladd je jiz minimalni v poméru
k benefity, ktery tim pacient ziska.

Daldim zajimavym aspektem stano-
veni genového profilu CYP2C19 je, Ze
pfi spole¢né ptitomnosti obou variant-
nich alel s protichGidnym vlivem na en-
zymatickou aktivitu CYP2C19 (haploge-
notyp *1*17/*1*2) nemusi byt fenotyp
jednoznacny, oznadili jsme ho proto
jako AM. JelikoZ dosud nebyla u téchto
AM jedincl definovana aktivita enzymu
CYP2C19, a tedy i jejich schopnost me-
tabolizace IPP, je nutno efekt lé¢by
IPP u téchto pacientt déle podrobnéji
analyzovat.

Zavér
Ackoli jsou IPP velmi G¢inné a bezpeéné
Iéky s minimdlnim interakénim poten-
cidlem, je nutno mit na paméti existenci
genovych polymorfizmi izoenzymu
CYP2C19, které mohou byt pfi¢inou in-
dividualini variability farmakokinetic-
kych parametra a vést k oividnym roz-
dilim mezi pacienty z hlediska potlaceni
acidity, potencialu pro vznik Iékovych in-
terakcf a klinické G¢innosti léciva. Pocho-
peni farmakokinetickych rozdili a pie-
zkoumdni moznych alternativnich cest
metabolizmu méze pomoci lékafim
lépe individualizovat a optimalizovat
1&€bu IPP u nonrespondért s GERD nebo
u pacientd s viedovou chorobou po se-
Ihani eradikacni terapie.
Jednéseoprvnistudiizabyvajicisespe-
cifickou kombinaci variant CYP2C19*17
(rs12248560) a CYP2C19*2 (rs4244285)
v souvislosti s GERD a terapii IPP. Navr-
hujeme, aby tato jednoducha a efektivni
metodika stanoveni genového profilu,
ktera je zaloZend na detekci dvou nejvice
frekventnich funkénich variant genu ké-
dujiciho enzym CYP2C19, byla zvazo-
vana pfi lécbé IPP u pacientd s GERD.
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Léciva a 1ékové formy jako rizikové faktory pro zubni kaz

Drugs and dosage forms as risk factors for dental caries

Petra BoFilovad Linhartovi+ Lydie Izakovicova Holla

Doslo: 20. dubna 2017 / Pfijato: 8. kvétna 2017

Souhrn

Zubni kaz je multifaktoridlni onemocnéni, které i pfes
fadu preventivnich opatieni zGstdvd nejroziifengjsi in-
fekéni chorobou na svété. Nachylnost nebo odolnost
jedince k/proti zubnimu kazu je disledkem interakee
rizikovych nebo ochrannych faktor(, genetické predis-
pozice, nevhodného Zivotniho stylu spojeného s tGrovni
vzd&lani, behavioralnimi a socioekonomickymi faktory.

Cilem piehledového ¢lanku je upozornit na rizika spo-
jena s uzivanim nékterych IéCiv a lékovych forem ve
vziahu ke vzniku a rozvoji zubniho kazu. Dle mechanis-
mu plsobeni v tomto procesu je lze rozdélit na ty, které
1. ovliviiuji vyvoj zubu a hlavné skloviny, 2. potkozuji
pfimo nebo nepiimo strukturu zubu a‘mebo 3. naruguji
protektivni schopnosti sliny a zptisobuji dysbiozu oralni
mikroflory. V piehledu jsou pak zhodnoceny i sougasné
moznosti terapie a prevence zubniho kazu pomoci 1é¢iv,
potravinovych dopliikd a podpirnych prostiedki.

Zaver Elanku se v&nuje doporucenim pro pfedchazeni
nezadoucim ucinkiim farmakoterapie v duting ustni, a to
pomoci preventivnich opatieni a/nebo zvazeni délky léc-
by pro dosazeni optimalniho pomé&ru mezi benefity a rizi-
ky. JelikoZ je téma publikace mezioborového charakteru,
informace o prevenci v ramci zlep3en{ ordlniho zdravi
v populaci mohou vyuzit nejen farmaceuti, ktefi by pri-
marné meli na rizika spojena s farmakoterapii pacienty
upozornit, ale také zubni Iékati, pediatii/prakticti Iékati
a Siroka vefejnost.

Kli¢ova slova: zubni kaz = prevence = lé¢ivo « Iékova
forma » neZzadouci uc¢inek

Summary

Dental caries is a multifactorial disease which, despite
a series of preventive measures, remains the most
common infectious disease worldwide. Susceptibility
or resistance to caries may be a result of the presence
of risk or protective factors, genetic predisposition,
inappropriate lifestyle associated with education,
behavioural and socioeconomic factors. The aim of this

Mgr. Petra Bofilova Linhartova, Ph.D. (E) » L. Izakovicova Holla
Ustav patologické fyziologie LF MU

Kamenice 3, 625 00 Brno

c-mail: plinharteémed.muni.cz

Stomatologicka klinika LF MU a FN u sv. Anny v Bmé

review is to highlight the risks associated with the use of
some drugs and dosage forms in relation to the formation
and development of dental caries. Drugs are classified
by the mechanism of their action in this process, into
those that 1. influence the tooth development, especially
enamel, 2. directly or indirectly damage the tooth
structure and/or 3. disrupt the protective function of
saliva, causing oral microflora dysbiosis. The review
article assesses the current possibilities in the treatment
and prevention of dental caries using drugs, dictary
supplements and supporting measures. The conclusion
of the study deals with recommendations for prevention
of adverse effects of drug therapy in the oral cavity,
through preventive measures and/or by considering the
duration of the treatment to achieve an optimal balance
between benefits and risks. Since the topic of the study
is of an interdisciplinary character, information on
prevention within the oral health improvement in the
population can be used not only by pharmacists, who
should primarily warn patients about the risks associated
with pharmacotherapy, but also dentists, paediatricians/
general practitioners and the public.

Key words: dental caries * prevention * drug * dosage
form = adverse effect

Etiologie zubniho kazu v dodasné a stalé dentici

Zubni kaz ran¢ho détstvi (ECC — early childhood caries)
i zubni kaz ve stil¢ dentici patfi k onemocnénim, kte-
rd postihuji tvrdé tkdné zubu, mohou vést k jeho ztraté
a v krajnich pFipadech az k rozsahlému systémovému za-
nétu (sepsi). Prevalence zubniho kazu je v populaci vy-
sokd i presto, 7e etiopatogeneze je do znadné miry znama
a existuje fada preventivnich doporudeni.

Za hlavni pfi¢inné agens jsou povaZovany patogenni
bakterie zubniho plaku (Streprococcus mutans, Acti-
nobacillus sp., Lactobacillus sp.), jejichz koncentrace
byvd zvySena po naruSeni rovnovahy slozeni ordlniho
mikrobiomu. V procesu demineralizace tvrdych tkani
zubu: skloviny, dentinu a cementu, hraje roli piftomnost
H" iontll, a tedy kyselé prostiedi, které plisobi na tyto
struktury. V poéateénim stadiu tvorby zubntho kazu je
kyselinam vystavena sklovina pokryvajici korunku zubu,
ktera je z asi 93-98 % tvofena krystaly hydroxyapatitu
[Ca, (PO,)(OH),] a je tak nejtvrdiim materidlem v lid-
ském tele.
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Ke snizeni pH v plaku pod fyziologické rozmezi 6,4-7,0
dochazi pri piijmu potravy obsahujici kyseliny (napf. ky-
selina citronova v ovocnych §tavach, H PO, v kolovych
napojich aj.) nebo sacharidy s kariogennim potencialem,
Fermentovatelné sacharidy (sacharéza, glukdza, malto-
za, fruktoza, laktoza aj.) mohou slouZit jako substrat pro
bakterie, které je metabolizuji na organické kyseliny (k.
pyrohroznova, k. mlééna, k. octové aj.). Také pfi reflu-
xu zalude¢niho obsahu (HCI) do dutiny ustni se zde pH
snizuje, dale pak v pfitomnosti zanétu (napf. zanétu das-
ni), pfi pfijmu nebo po metabolizaci uréitych xenobiotik
mitize dochdzet ke zvyseni koncentrace H' iontl zejména
v plaku, ale také ve sliné.

DiileZitou roli v ochrané proti zubnimu kazu hraje pra-
vé slina, a to nejenom svymi fyzikalné-chemickymi
vlastnostmi (mnozstvi, viskozita, pufrovaci kapacita)
ale i piitomnosti proteint (imunoglobulin A, lysozym,
laktoferin, defenzin, osteopontin aj.), které se podileji
na imunitnich reakcich a pomahaji udrzovat fyziolo-
gické slozeni ordlniho mikrobiomu. PFi optimalni pro-
dukci sliny, vzhledem k jejim pufrovacim schopnostem
a obsahu minerald (Ca®, PO,"), se redukuje mikrofléra,
odstraiiuji se zbytky jidla ulpivajici na povrchu tvrdych
tkéni zubu, neutralizuji se kyseliny v tstech a je zajis-
tén remineraliza¢ni proces. Pokud v3ak pH plaku kles-
ne pod hodnotu 5,5, dochazi k demineralizaci povrcho-
vych vrstev skloviny.

Rizikov¢ faktory pro vznik/rozvoj zubniho kazu

Za rizikové faktory pii vzniku a rozvoji zubniho kazu

jsou nejcastéji povazovany: nedostateéna ordln{ hygiena,

vysoka frekvence pifjmu kariogennich sacharidii v pot-

rave, dysbiéza v duting ustni, autoimunitni onemocnéni

(napf. Sjogreniv syndrom) a také vrozena nachylnost

k zubnimu kazu.

[ uzivani mnohych 1éki a dopliki stravy mize byt spojo-

véno se zvySenym rizikem rozvoje zubniho kazu". Jedna

se o léciva a lékové formy, které dle mechanismi paso-

beni miZeme rozdélit do nékolika skupin:

1. ovliviuji vyvoj zubi, a hlavné skloviny

2. poskozuji piimo nebo nepfimo struktury zubu

3. a/nebo narusuji protektivni schopnosti sliny a vedou
k dysbidze v dutiné stni

Léciva oviiviiujict vyvoj zubu

Bézné chemikalie (Pb, Hg, anorganické fluoridy, ta-
bék, polycyklické aromatické uhlovodiky) a fyzikalni
agens (trauma) mohou negativng ovlivnit zuby, a to jak
v priibéhu embryogeneze, tak i po jejich erupci v duting
ustni”. Také uzivani nékterych Ié¢iv miize byt spojeno
s patologickym vyvojem zubi, zmé&nou jejich morfologie
a struktury, nebo s naruienim spravného vyvoje imunit-
niho systému ditéte. Je viak nutné podotknout, Ze uzivan{
1é¢iv u gravidnich a kojicich zen a déti je v soucasnosti
prisné regulovano.

Asi nejznaméjiim piikladem negativniho vlivu lé¢iva
v tomto kontextu je uzivani tetracyklinfi, jejichz neza-
doucim u¢inkem je mimo jiné poSkozeni zubni skloviny

Obr. 1. Poskozeni skloviny stalych rezaki po podavani tetra-
cyklinovych antibiotik v raném détswi (fotografie z archivu
Détského oddéleni Stomatologické kliniky, Fakultni nemocnice
u sv. Anny v Brné)

tvarové i zlutohnédym zabarvenim a vznikem tzv. ,tetra-
cyklinovych zubi“ (obr. 1). Na miru zavaznosti posko-
zeni zub(i pak ma velky vliv nejenom obdobi, po které
se lé¢ivo uzivalo (perinatilng, nebo postnatalné — piisobi
vak jen v obdobi amelogeneze, tj. cca do 8—10 let véku),
ale i jeho davka a délka léchy.

V souvislosti s podavanim 1é¢iv ze skupiny antikonvul-
ziv se neddvno prokdzalo, e déti jim prenatdlné vystave-
né maji zvyiené riziko vzniku bilych skvrn na zubech do-
casné i stalé dentice a hypoplazie skloviny u docasnych
zubt?. U déti, které uZivaly b&hem prvnich 4 let svého
zivota antiastmatika, byly také nalezeny vyvojové vady
skloviny, a to u prvnich stalych stoli¢ek”. Pochopitelné
i uzivani chemoterapeutik s cytotoxickymi vlastnostmi
pii protinddorové terapii u déti je spejovano s poruchami
vyvoje zubu, at’ uz se jedna o zmény v jejich tvaru, poctu,
nebo o anomalie skloviny?.

Uvazuje se také o negativnim vlivu kyseliny acetylsa-
licylové na spravny vyvoj skloviny ditéte. Ve studii od
Nazir et al. byly sledovany zuby novorozenych krélik,
jejichz matkdm byl béhem t&hotenstvi dlouhodobg poda-
van aspirin. U novorozenych mladat doslo k hypomine-
ralizaci (Ca®", Mg?") fezaki a stolicek®. 1 kdyz se u ¢love-
ka obdobny proces dosud nezpozoroval, opatrnost je na
misté a ani uzivéni volné prodejnych l1é¢iv u t¢hotnych
nebo kojicich matek a déti by nemélo probihat bez pora-
dy s Iékafem a/nebo lékarnikem.

Léciva a Iékové formy poSkozujici pFimo nebo nep¥imo
struktury zubu

K Ié¢iviim a lékovym formém p#ime poskozujicim zubni
sklovinu (ve formé erozi) se mohou fadit ta, ktera:

« sniZuji pH v dutiné istni

PFi uzivani praskovych inhalator(i pacienty s astmatem je
prasek s ucinnou latkou Easteéné zachycen jiz v dutingé
Gistni, a protoZe nékterd antiastmatika (kortikosteroidy,
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beta,-agonisté) jsou kyselé povahy, snizuji v ni pIT”
a mohou tak podporovat demineraliza¢ni proces skloviny
zubl pfedev$im pii dlouhodobé terapii.

Také mnoho antibiotickych piipravki je kyselé povahy
a ovliviyji tak pH v duting Ustni, pokud jsou poddvany
perordlng, napi. ve formé sirupi détem. Kritickych hod-
not pH optimalnich pro rozpouiténi hydroxyapatitu ve
skloving dosahuji napt. antibiotické piipravky s kyseli-
nou klavulonovou®.

K 1é¢ivim a [ékovym formam mepFimo poSkozujicim
zubni sklovinu se mohou Fadit ta, ktera:

+ obsahuji kariogenni sacharidy

Riznd léciva (antibiotika, antitusika, analgetika, antihis-
taminika aj.), ale i dopliiky stravy (vitaminové preparaty)
jsou détem batoleciho véku podivana v podobé sirupii
obsahujicich sacharidy s kariogennim potencialem, aby
jejich uzivani bylo pro dit& pFijatelné. Casty pFijem tako-
vé 1ékové formy mize byt dfivodem ke zvy3ené prevalen-
ci ECC. Proto by pri jejim opakovaném ¢i dlouhodobém
uzivani méla byt hygiena dutiny ustni zvladt¢ pecliva
a méla by byt dodrZovana i dal3i preventivni opatieni. Jiz
pred priblizné 40 lety byla publikovana studie zabyvajici
se rozvojem zubniho kazu u déti predskolniho veku, kte-
¢ pravidelné po dobu alespoil 6 mésict uZivaly 1é¢iva ve
formé sirupti. U d&ti, které pfijimaly sirupy s obsahem
sacharozy, byla zaznamenana podstatné vy33i kazivost
7ubl, a dokonce i Cast&jsi vyskyt zangtu dasni oproti
kontrolni skupiné. Proto se tehdy navrhovalo, aby 1éky
podavané détem v této formé neobsahovaly sacharidy,
nebo pouze sacharidy nekariogenni®.

U dospéelych mohou byt piikladem Iékovych forem s ob-
sahemn cukru, a tudiz potencialng zvysujicich riziko zub-
niho kazu, zZvykaci tablety (napf. antacida), pastilky nebo
granule. Pomocnymi latkami v pfipadé homeopatickych
granuli jsou glukoza a laktdza, coZ jsou sacharidy s nej-
vy$§im kariogennim potencidlem'™'.”

* jsou pif¢inou nauzey

Létiva (antidepresiva, anticholinergika, antiastmatika,
sedativa, estrogeny 4j.), jejichZ nezadoucim u¢inkem
je kysely reflux ze Zaludku do horni ¢asti traviciho
traktu v diisledku relaxace svali dolniho jicnového
svérate nebo nesndSenlivosti 1é¢by, miZzeme oznalit
7a rizikovy faktor pro vznik erozi a rozvoj zubniho
kazu.

Lé&iva narusujici protektivni schopnosti sliny a spojend
s dyshiozoa v dutiné vstni

Slinné Zlazy jsou inervovany sympatickym (adrenerg-
nim) a parasympatickym (cholinergnim) nervovym sys-
témem, kiery ovliviuje produkci slin. Jelikoz slina hraje
dileZitou roli v ochrané pfed zubnim kazem, dlouhodobé
uzivani 1é¢iv, u kterych je neZzadoucim efektem posko-

zeni slinnych Zlaz, zpomaleni toku sliny a/nebo zména
jejich vlastnosti, muze byt rizikovym faktorem pro toto
onemocnéni. Slina nemiize plnit svou funkei v procesu
remineralizace zubni tkdn& a udrzovini rovnovahy ve
slozeni oralni mikrofléry.

Suchost st (xerostomie) je neZddoucim uginkem celé
fady 1€¢iv. Za takové jsou povaZovana néktera lé¢iva ze
skupiny anticholinergik, antimuskarinik, antidepresiv,
antihypertenziv, sympatolytik, beta,-agonistii, anxioly-
tik, sedativ, opioidd a kanabinoidd, antihistaminik, nes-
teroidnich analgetik a protizan&tlivych 1é¢iv, antiparkin-
sonik, inhibitori protonové pumpy, cytotoxik, retinoidd,
inhibitorti protedz, diuretik, myorelaxancii, antiepileptik
a dalgich'™,

S uZivanim antiepileptika fenytoinu, antihypertenziva ni-
fedipinu a imunosupresiva cyklosporinu a dalsich 1é¢iv je
spojovéan vyskyt hyperplazie gingivy, kterd ma negativni
vliv na oralni hygicnu a zvy3uje riziko oralnich infekei'>.
V poslednich letech se uvazuje také o vyznamu kandidé-
zy pfi vzniku a rozvoji zubniho kazu; vysledky recentni
studie u piedskolnich deti dokladaji, Ze vysokd koncen-
trace kandid ve slinach a pritomnost specifickych druhi
(Candida albicans a C. dubliniensis) souvisi se zavaz-
nosti ECC'™. Dlouhodobé uzivani antibiotik mize mit
vliv na rozvej kvasinkové infekce na sliznicich dutiny
ustni. Dal§imi 1é¢ivy, jejich? uzivani je povazovano za
rizikovy faktor pro rozvoj ordlni kandidézy, jsou imuno-
supresiva a systémové nebo inhala¢ni (lokalnf) kortikos-
teroidy!® 19,

Lédiva a doplitky stravy ve vztahu k terapii
a prevenci zubniho kazu

Z vysledkl metaanalyz vyplyva, ze antimikrobialni lé¢-
ba pouze docasné redukuje mnozstvi S. mutans v duting
ustni. Neexistuji dilkazy o tom, Ze by pGsobeni antibiotik
mélo protektivni vliv na vznik a rozvoj ECC'. Ordlni
bakterie ziskavaji rezistenci na léciva v soucasné dobé
pouzivand a je zde tedy neustdld potfeba vyvoje no-
vych preparati’.

Ackoliv se pii terapii a prevenci ECC pouzivaji rizna
lé¢iva, dopliky stravy a podpliné prostiedky, jejich uci-
nek byl shledan v tomto kontextu maly nebo nedostatec-
ny. Efektivit¢ 1é¢by ECC se vénuje prace od Twetman
a Dhar, ve které jsou shmuty poznatky o vlivu poddvani
preparatti s fluoridem (past, geld, tablet, kapek), xylitolu,
chlorhexidinu, jodovaného povidonu, probiotickych bak-
terif, remineralizaénich ¢inidel (CPP — kasein-fosfo-pep-
tidu), tmelii, dotasnych ndhrad a vyznamu konzervaéni
(zdchovné) stomatologické péce pfi redukei prevalence
ECC'”. Vysledky poukazuji na potfebu vysoce kvalit-
niho experimentalnfho i klinického vyzkumu, na jejichz
zakladech by se dala navrhnout uginngjsi preventivni
opatieni’®.

*Kariogenni potencial téchto sacharidd miize byt v riiznych potravinach (napf. mléce, mléénych vyrobeich a dalSich) vyvizen piitomnosti proteint
a mineralnich latek s protektivnimi vlastnostmi ve vztahu k zubnimu kazu, coz ve vysledku znamend nizkeé riziko nebo dokonce ochranu pied vzni-

kem a rozvojem zubniho kazu pfi jejich konzumaci.
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Zavér

Pacienti, ktef jsou wvystaveni farmakoterapii spojené
s potencialnim rizikem vzniku a rozvoje zubniho kazu,
by mé&li byt o tomto faktu informovani, pfedeviim pak pri
Castém nebo dlouhodobém podavani prislugnych légiv,
Nejohrozengjdi skupinou jsou lidé s poikozenou sklovi-
nou zubu, at uz v disledku vyvojové vady zubu nebo
napiiklad po béleni zub(, a déti pfedikolniho i $kolniho
veku.

Ackoliv existuje klesajici trend vyskytu zubniho kazu
u deti, Ceské republika mé nepochybn& potencial pro
dalsi zlepseni ordlniho zdravi v populaci pfi realizaci
adekvatnich preventivnich opatieni. Dle Svétové zdra-
votnické organizace (WIQ) je zubni kaz z hlediska
1é¢by Etvrtym nejdrazsim onemocnénim na sveté. Sou-
¢astf strategického dokumentu WHO Zdravi 21 je Dlou-
hodoby program zlep3ovani zdravotniho stavu obyva-
telstva CR, kdy jednim z cilil je, aby alespon 80 % d&ti
do v&ku 6 let bylo bez zubniho kazu v dofasné dentici.
Ve veéku 12 let by déti mély mit v primé&ru maximalng
1,5 KPE (zub kariézni, s vypIni nebo extrahovan) ve
stalé dentici®".

V ramci prevence se doporutuje:

Po uZiti preparatii obsahujicich kyseliny nebo po zvra-
ceni si bezprostfedng nedistit zuby (&¢i§téni zubi je
vhodné az za cca 40-60 minut), pouze dutinu ustni
vyplachnout vodou. Pacienti by méli pouzivat mekké
zubni karta¢ky a zubni pasty s nizkou abrazivitou®?.
Po podavéni ordlnich preparatii s obsahem kariogen-
nich sacharidii vyplachnout usta/vypit sklenici vody
a provést ordlni hygienu (piipadné uzit Zvykacku bez
cukru nebo s xylitolem), nebot’ tim jsou odstranény sa-
charidy z plaku, hydratuji se sliznice a podpofi se tvor-
ba slin. Pokud je to mozné, je vhodné neuZivat vyie
zmingné 1éky a lékové formy pied spanim.

Pro zmiméni pifznak( xerostomie vyplachovat Gsta
neslazenou mineralni vodou, a/nebo pouzit umelé sli-
ny ve form& spreje, kloktadel, geli nebo tablet (jsou
bez sacharidii a obsahuji kalciovy pufr). Doporucuje
se omezit kofein, je mozné uzit [é¢iva stimulujici tvor-
bu slin v ptipadé alespon ¢aste¢né funk&nosti slinnych
zlaz (napt. parasympatomimetikum pilokarpin).
Dilezitym doporucenim je ast&jsi frekvence preven-
tivnich navs$tév zubniho lékafe a dentalni hygienistky
u pacienti, ktefi prochizeji opakovanou a dlouhotrva-
jici terapii spojenou s uzivanim lé¢iv a lékovych forem
podporujicich vznik a rozvoj zubniho kazu.

V neposledni fadé¢ je vhodné upravit dietni ndvyky,
hydratovat organismus, omezit pfijem sladkosti, ovoc-
nych $tav apod. a diisledné se vénovat pravidelné ordl-
ni hygieng.

+

.

Clanek vznikl s podporou grantu AZV 17-30439A a z prostiedkii po-
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Attachment 5 Article "Relationship between breastfeeding and severe early childhood caries”

Retrospektivni klinicka studie

Retrospective Clinical Study

Vztah mezi kojenim a vyskytem zavazného ‘oo

kazu raného détstvi

(Puvodni prdce - retrospektivni klinickd studie)

Relationship between Breastfeeding and Severe Early
Childhood Caries

(Original Article - Retrospective Clinical Study)

Bo¥ilova Linhartova P."2, Kukletova M.!, 1zakovi€ova Holla L."2

‘Stomatologické klinika LF MU a FN u sv. Anny, Brno
2Ustav patologické fyziologie LF MU, Brno

SOUHRN

Uvod a cil: Vysledky vyzkum( a nazory na kojeni ve vztahu k rozvoji kazu raného détstvi (ECC) jsou
Casto kontroverzni. Cilem nasi prace bylo analyzovat stav chrupu ¢eskych déti s do¢asnou dentici
v zavislosti na dobé, po kterou byly kojeny, na stravovacich ndvycich a na Urovni jejich ordIni hygieny.
Metody: Do této retrospektivni studie jsme zafadili 424 déti ¢eské ndrodnosti z Olomouckého a
Jihomoravského kraje, jejichz rodi¢e podepsali informovany souhlas a zucastnili se dotaznikového
Setfeni. Dotaznik obsahoval €tyfi sady otazek zaméfenych na anamnesticka data, délku kojeni, pfijem
slazenych napojt a oralni hygienu ditéte. Podminkou pro zafazeni do studie bylo profezani minimalné
16 docasnych a nepfitomnost stdlého zubu u ditéte celkové zdravého (véetné absence nadvahy nebo
obezity). U déti jsme zaznamenali kpe index (kaz/vypln/extrahovany zub) a stav gingivy. Hodnoceni
dat bylo provedeno s vyuzitim statistického softwaru Statistica v. 13.2.

Vysledky: Mezi 230 chlapci a 194 divkami prdmérného véku 4,0 + 1,1 let (+ smérodatna odchylka) bylo
149 déti s intaktni docasnou dentici (kpe = 0) a 275 déti se zavaznym ECC (SECC, kpe = 6). U déti se
sECC rodi¢e v dotazniku ¢astéji uvedli, ze ditéti podavaji slazené népoje a zacinaji mu Cistit zuby az
od prvniho roku véku, nez rodice déti s intaktni dentici (89,9 % vs. 65,0 %, p < 0,0001, a 80,5 % vs.
40,7 %, p < 0,0001). Kojeno bylo celkem 90,7 % déti, z toho 52,2 % déle nez 3est mésici, a 5,6 % (23
déti) dokonce déle nez 24 mésicl. Po stratifikaci déti do tFi skupin podle doby, po kterou byly kojeny
(I. skupina: = 6, Il. skupina: 6 a vice az = 24, lII. skupina: > 24 mésic(l), jsme nezaznamenali statisticky
vyznamny rozdil v (rovni oraIni hygieny mezi détmi v jednotlivych skupinach, ale v parametru podavani
slazenych napoju ano (p < 0,05). Rodice 77,3 % déti ve |ll. skupiné uvedli, Ze s ¢isténim zubd zacali
nejdfive po dovrdeni prvniho roku zivota ditéte; 86,4 % z nich pfitom podavalo svym détem slazené
napoje, coz sumarné odpovida nejrizikovéjsimu chovani. Déle jsme zjistili, Ze déti ve Il. skupiné maji
statisticky vyznamné nizsi riziko rozvoje sECC oproti détem v I. skuping (p < 0,001) nebo détem ve lll.
skupiné (p < 0,01). Pomoci korelaéni matice jsme analyzovali chovani rodi¢(i a nalezli jsme behavioralni
vzorec souvisejici s oralnim zdravim jejich déti.

Zaveér: V etiopatogenezi ECC hraje roli mnoho faktor(; z nasich vysledkd se kojeni déti v rozmezi Sest
az 24 maésich jevi jako protektivni faktor tohoto infekéniho onemaocnéni. Podavani slazenych napojl a
pozdni ndstup ordIni hygieny jsme naopak asociovali se SECC. S kojenim del$im neZ dva roky je nejvice
spjato rizikové chovani matek/osob pecujicich o dité, které mize vést k rozvoji SECC.

Kli¢ova slova: kaz raného détstvi - gingivitida - kpe index - kojeni - materské miéko - oralni hygiena -
vyZiva - do¢asnd dentice
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SUMMARY

Introduction and aim: Results of research and opinions on breastfeeding in relation to the development
of early childhood caries (ECC) are often controversial. The aim of this study was to analyze the state
of teeth of Czech children with primary dentition depending on the time for which they were breastfed,
eating habits and the level of their oral hygiene.

Methods: This retrospective study comprised 424 children of Czech nationality from the Olomouc and
South Meravian regions, whose parents signed informed consent and participated in the questionnaire
survey. The guestionnaire contained four sets of questions focused on anamnestic data, duration of
breastfeeding, intake of sweetened soft drinks and child’s oral hygiene. A prerequisite for inclusion in the
study was eruption of at least 16 primary and the absence of a permanent tooth in the generally healthy
child (also without overweight or obesity). In children, we recorded dmft index (decay/missed/filled
teeth) and gingival condition. Data evaluation was performed using statistical software Statistica v. 13.2.
Results: Of the total set of 424 children (230 boys and 194 girls; mean age * standard deviation: 4.0 +
1.1 years), 149 were children with intact primary dentition (dmft = 0) and 275 children with severe ECC
(sECC, dmft = &). In children with SECC, the parents reported in the questionnaire that they served the
children more often sweetened beverages and started cleaning their teeth at the age of one year versus
the parents of children with the intact dentition (89.9% vs. 65.0%, p < 0.0001, and 80.5% vs. 40.7%, p <
0.0001). 90.7% of children were breastfed, 52.2% of them longer than six months and 5.6% (23 children)
even longer than 24 months. After stratification of children to three groups according to the duraticn
of breastfeeding (Group I: = 6, Group Il: 6 < and = 24, Group IlI: > 24 months, no statistically significant
difference in the level of oral hygiene in the children in the individual groups was recorded in contrast
to the parameter of serving sweetened beverages (p < 0.05). Parents of 77.3% children in Group IlI
reported they started cleaning their children’s teeth only after one year of age; 86.4% of them served
sweetened liquids to their children, this summarily corresponds to the most risk behavior. Further, we
found that the children in Group Il had statistically significantly lower risk of the sECC development than
the children in Group | {p < 0.001) cr children in Group Il {p < 0.01). Behavior of parents was analyzed
using a correlation matrix and a behavioral pattern related to oral health of their children was found.
Conclusion: Many factors play a rele in the etiopathogenesis of ECC; our results suggest that breastfee-
ding of children in the duration of 6 to 24 months appears to be a protective factor for this infectious
disease. On the contrary, serving sweetened drinks and late start of oral hygiene was associated with
sECC. Breastfeeding longer than two years is connected with risk behavior of mothers/caregivers which
can result in the development of sECC.

Keywords: early chilidhood caries - gingivitis - dmft index - breastfeeding - human milk - oral hygiene
- diet - primary dentition

uvop

Zubn{ kaz je multifakroridlné podminéné one-
mocnéni indukované kariogennimi bakteriemi den-
tilniho plaku (biofilmu), respektive kyselinami,
které produkuji pfi metabolizaci fermentovatelnych
sacharidii. Pfijeho vzniku dochdzi k demineralizaci
skloviny a pozdéji i dentinu; u nelééenych pfipadi
az k zdnétu pulpy a dalsim komplikacim. Protektivni
roli v patogenezi zubniho kazu sehriva slina, a to
nejenom proto, Ze redukuje mnoZstvi plaku a zbytki
potravy v dutiné astni{ (objem sliny, rychlost toku
aviskozita), ale také diky jejim kvalitativnim vlast-
nostem (pufraéni kapacita, koncentrace mineralil
a imunoprotektivnich proteini),

Zubni kaz raného détstvi (early childhood ca-
ties, ECC) je definovan pfitomnosti jednoho nebo

Ces. Stomat., ro&. 118, 2018, & 3, 5. 59-67

vice kazli (nekavitovanych nebo kavitovanych 1ézi),
zubl s vyplni nebo chybé&jicich kvili zubnimu kazu
vjakémkoli dodasném zubu u ditéte ve véku Sesti let
nebo mladsiho. U déti mladsich nez tii roky je kaz
na hladkém povrchu zubu povaZovan za zavainy
ECC (severe ECC, sECC). Ve véku od tff do pé&ti let je
za stav SECC povazZovan vyskyt jednoho nebo vice ka-
vitovanych, zubil s vyplni na hladkém povrchu nebo
chybéjicich kvili zubnimu kazu v oblasti docasnych
frontdlnich zubtl horni Celisti, nebo je-li u ditéte
uréen index kaz/vyplii/extrakce (kpe index) = 4 (vék
tfiroky), = 5 (vék Ctyfiroky), nebo > 6 (vék pat let) [1].

Nézory na kojeni ve vztahu k rozvoji ECC jsou
Casto kontroverzni, coz dokazuji i zdvéry rznych
metaanalyz [4, 14, 17], Pfedeviim noéni kojeni podle
libosti ditéte star§iho jednoho rolu a kojeni ditéte do
jeho vy3siho véku jsou povazovany za rizikové fak-
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tory vzniku ECC [9]. Americkd asociace pro détskou
stomatologii (AAPD) dokonce doporucuje v ramci
prevence ECC, aby déti s profezanymi dofasnymi zu-
by a v dobé, kdy jiZ pfijimaji jinou stravu obsahujici
sacharidy, nebyly kojeny podle libosti [2]. Na druhou
stranu je posilovana pfedstava pozitivniho vyznamu
kojeni v roviné psycho-emociondlniho a kognitiv-
niho vyvoje ditéte [6] a i samotného matefského
mléka, diky jeho vyZivovym a imunoregula¢nim
vlastnostem [11, 16]. Podle doporuceni Svétové zdra-
votnické organizace (WHO) je idedlni, aby kojenci do
véku Sesti mésich pfijimali pouze matefské mléko
(a vitamin D), poté aby byla zavadéna tuha strava
av kojeni ditéte matka pokracovala do jeho dvou let
véku nebo déle [19],

Vzhledem k nejasné pfedstaveé o benefitech a ri-
zicich, které pfedstavuje kojeni pro ordlni zdravi/
nemoc u pfedskolnich déti, bylo cilem nasi pra-
ce analyzovat stav chrupu ¢eskych déti s doéasnou
dentici v zavislosti na dobé, po kterou byly kojeny,
na stravovacich navycich a na tarovni jejich ordlni
hygieny.

METODIKA

V ramci retrospektivni studie jsme od kvétna 2017
do tnora 2018 vySetfili 490 déti pfed§kolniho véku
z Olomouckého a Jihomoravského kraje a zazname-
nali jsme stav jejich chrupu, konkrétné index kpe
(hodnotili jsme pouze kavitované léze, tj. kpe D, )
a gingivy (zanét nepfitomen/pfitomen). Podminkou
pro zafazeni do studie bylo, aby dité bylo ceské narod-
nosti, mélo profezanych minimalné 16 docasnych
zubll (a Zadny staly zub), mélo normalni porodni
i aktudlni viahu, nemélo Zadné celkové onemocnéni
(vrozenou vadu, diabetes mellitus, astma apod.).

] o-2%
[ 21-40%
B #e0%
Bl o -0
s

Obr. 1 Grafické znazornéni vyskytu zubniho kazu v docasné
dentici u déti se sECC (Skala definuje procento déti, které maji
postiZzen zubnim kazem dany zub)

Oslovili jsme rodiée bez ohledu na jejich socioeko-
nomicky status a aroven vzdélani. Pfed zafazenim
do studie rodice vSech déti podepsali informovany
souhlas, ktery byl schvalen Etickou komisi FN u sv.
Anny v Brné, a vyplnili dotaznik obsahujici ¢tyfi sady
otazek zaméfenych na anamnesticka data, délku ko-
jeni, piijem slazenych napojl a oralni hygienu ditéte.

Do studie jsme vybrali pouze 424 déti, které mély
intaktni dentici (kpe = 0) nebo sECC (kpe = 6), a to
z diivodu porovnani extrémnich fenotypui. Sledovali
jsme zavislost stavu chrupu a dal$ich parametrii na
dobé, po kterou bylo dité kojeno. Pro statistickou
analyzu jsme déti rozdélili do tii skupin: na ty,

Obr. 2a, b Ilustrativni snimky ditéte s do¢asnou dentici postiZzenou sECC (fotografie z archivu détského oddéleni Stomatologické kliniky

FN u sv. Anny, Brno)
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vék v dobé <3 roky
vySetieni (77 deti)
p=10,265

100%

0%

80%

70%
60%
50%
40% 76,1%
30%
20% 41,2%
29,5%
10%
0%
slazené ne ano ne
néipoje

3-5]et =5 let
(246 deti) (75 deti)
p<0001* p=0,002%

60,0%

30,7%
18,3%

ano ne ano

Odéti s intaktni dentici B déti se sECC

Graf 1 Vyznam slazenych napoji na vznik sECC ve skupindch déti podle véku v dobé vysetfeni (hodnoceno Fisherovym exaktnim testem)

které nebyly kojeny nebo byly kojeny < 6 mésich
(I. skupina), a na ty, které byly kojeny > 6 mésici
a soufasné = 24 mésich (II. skupina). Navic jsme

Tab. 1a Frekvence vyskytu sECC u déti podle délky doby, po kte-
rou byly kojeny (hodnoceno Fisherovym exaktnim testem)

Déti s intaktni dentici | Détise sECC
Jak dlouho bylo dité | 12 [6-18] 8 [3-18]
kojeno (mésice)
medidn [25% a 75%

kvartil]

I. skupina 50 (25,6 %) 145 (74,4 %)
II. skupina 89 (46,8 %) 101(53,2 %)* ™"
11l skupina 5(21.7 %) 18 (78,3 %)

Pozn. Informace o tom, jak dlouho bylo dité kojeno, byla uvedena
u 408 déti.

#v porovnani s . skupinou (p < 0,001)

##v porovnani se lIl. skupinou (p < 0,01)

I. skupina: = 8, |l. skupina: 6 < a = 24, lIl. skupina: > 24 mésicu, kdy
byly déti kojeny

Tab. 1b Frekvence vyskytu sECC u déti podle délky doby, po kte-
rou byly kojeny (hodnoceno Fisherovym exaktnim testem)

Dé&ti s intaktni dentici Déti se SECC
SkupinaA | 89 (308 %) 200 (69,2 %)
Skupina B 55 (46,2 %) 64 (53,8 %)*

Pozn. Informace o tom, jak dlouho bylo dité kojeno, byla uvedena
u 408 déti.

#v porovnani se skupinou A (p < 0,01)

skupina A: < 12, skupina B: > 12 mésic(i, kdy byly déti kojeny

vyclenili i déti, které byly kojeny déle nez 24 mésicli
(I1I. skupina). Z diivodu komparace nasich vysledkit
s jinymi studiemi jsme vytvofili jesté druhy model,
kdy déti kojené maximalné 12 mésichh jsme zafadili
do skupiny A a déti kojené déle do skupiny B.

Hodnoceni dat jsme provedli s vyuZzitim statistic-
kého softwaru Statistica v. 13.2.

VYSLEDKY

Ve sledované kohorté byly déti primérného véku
4,0 +1,1 let (+ smérodatna odchylka), 149 déti mélo
intaktni dentici (kpe = 0) a 275 déti trpélo sECC (kpe =
6). Zastoupeni obou pohlavi (54,0 % chlapctia 46,0 %
divek) bylo rovnomérné i s ohledem na stav jejich
chrupu (49,7 % chlapcii a 50,3 % divek s intaktni
dentici vs. 56,4 % chlapcii a 43,6 % divek se sECC,
p>0,05). Stejné tak jsme nezaznamenali rozdil v me-
didnech [25% a 75% kvartil] porodni vahy mezi détmi
sintakni dentici a détmi se sECC (3400 g [3000-3700 g]
vs. 3350 g [3000-3620 gl, p > 0,05). Refluxem, cas-
tym ublinkdvanim nebo zvracenim trpélo 10,6 %
déti, vyznamné castéji se to tykalo déti s intaktni
dentici (19,4 % u détiskpe=0vs. 5,9 % détis kpe =6,
p <0,0001).

Nalezli jsme pozitivni asociaci mezi indexem
kpe a gingivitidou, kdy déti s gingivitidou mély
medidn kpe indexu 11 [9-14] a déti se zdravou dasni
mély median kpe = 0 [0-0] (p < 0,001, (hodnoceno
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Tab. 2 Sumarni piehled (procento zastoupeni déti s intaktni dentici i se SECC) podle tfi sledovanych parametri (hodnoceno Fisherovym
exaktnim testem)
Dé&ti s intaktni dentici Déti se SECC Viechny déti
pocet déti | vék zacatku | podavani pocet déti wek zacatku podavani poCetdéti | vék zacatku podavant
CiEténi slazenych Cigténi zubil slazenych Eisténi zubll | slazenych
Zubl naooji pozdgji “apo)d ditet pozdéji napajt
pozdéji dltéti nez ve nez ve ditéti
nez ve 12 12 mésicich 12 mésicich
mésicich
l.skupina | 48 (34.3%) | 1(222%) | 32(66.7 %) | 139 (54,1%) M3 (81,3%) 128 (92,1 %) | 187 (47,1 %) | 124 (66,3 %) | 160 (856 %)
I.skupina | 88(629%) | 43(482%)" | 57(642%) | 100(389%) | 80(BO.0%) | 86 (B6.0%) | 188(474%) | 123(65.4 %) | M2 (FEI %)
lil. skupinma | 4 (28 %) 3(75,0%)° | 2(50.0 %) 1B (7.0 %) 14 (77.8 %) 17 (944 %) 22(55%) 17(77.3%) | 19(86.4 %)
Calkern 140 (100 %) | 57 (40,7 %) | 91(65.0 %) | 257 (100 %) | 207 (BO.S %)™ | 231(82.2 %)™ | 397 (100 %) | 264 (66,5 %) | 322 (B11%)

Pozn. Informace o viech parametrech zahrnutych v této tabulce byla uvedena u 397 déti.
“v porovnani s détmi s intaktni dentici (p < 0,01)

" porovndni s | skupinou (p < 0,001
¥ porovnani s I. skupinou (p = 0,05)

I. skupina: = 6, Il skupina: 6 < a = 24, Ill. skupina: > 24 mésicl, kdy byly déti kojeny

Kruskalovym-Wallisovym testem). Ve skuping déti
se sECC byly zubnim kazem nejcastéji postiZeny
horni stfedni fezaky a prvid molary v horni i dolni

Korelaéni matice

celisti, Na druhou stranu méné nez 20 % déti se
SECC mélo kariézni fezdky nebo $piciky v dolni celisti
(obr. 1, obr. 2a,b),

vék ukonéeni

'!

kojeni ditéte o .
(mésice) 5 o
1,000 ; 0,004 i
Be____ : |
o vék zadatku e
¢isténi zuba ditéti :

(mésice) o o

1,000 o 0,187 °

| EEEETEC 000 O O o amDamoo 0 o podévéni slazen)'fch
\\___________‘E népoji ditéti
-0,094 0,187 1,000
(IO OO0 a o o 0 O H _______
Graf 2 Vzorec chovanl radiél pfi pééi o dité a jeho oralni zdravl - korelace mezi tfemi sledovanymi v (hodnaceno v testem)
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U 35,0 % déti s kpe = 0 rodice uvedli, Ze jim do-
sud nepodavali slazené napoje, coZ pii porovnani
s frekvenci pouze 10,1 % u déti se sECC pfedstavuje
statisticky vyznamny rozdil (p < 0,0001). Celkové
véak vice nez 80 % vSech rodicli podava svym détem
slazené napoje. Mezi skupinami déti rozdélenych
podle toho, zda jim rodice podavaji slazené napoje,
nebo nikoliv, jsme nalezli statisticky vyznamny
rozdil v procentudlnim zastoupeni déti se sECC,
a to u détive véku tfi aZ péti let i u déti starSich nez
pétlet v dobé vySetfeni (p< 0,001, p=0,002; grafl).
Nejéastdji poddvanymi slazenymi ndpoji jsou &éaj
(68,2 %), §tdva/voda se sirupem (23,4 %), dZus (15,6 %)
amléko (12,3 %), zatimco nejméné Casto je podavana
slazend minerdlni voda (1,3 %).

Rodiée v priiméru zaéali détem &istit zuby ve véku
16,3 + 7,1 mésicli, zuby détem &isti v 76,1 % piipadf
dvakrat denné. U déti se sECC rodife Castéji nez
rodice déti s intaktni dentici uvedli, Ze zacali svym
dérem ¢istit zuby aZ od prvniho roku véku (80,5 %
vs, 40,7 %, p < 0,0001).

Kojeno bylo 90,7 % déti (99 % i vnoci), z toho 52,2 %
déle neZ Sest mésicll, a 5,6 % (23 déti) dokonce dé-
le neZ 24 mésicli. Frekvence déti nekojenych byla
podobnd mezi détmi s kpe =0 a s kpe 2 6 (p > 0,05)
a nezjistili jsme také vztah mezi kojenim v noci
a sECC (62,8 % déti s kpe = 0 a 54,5 % déti s kpe = 6,
p> 0,05). Ukdzalo se viak, Ze déti ze I1. skupiny maji
statisticky vyznamné niz3i riziko rozvoje sECC nez
détizI. skupiny (p < 0,001) a i nez déti ze III, skupiny
(p < 0,01, tab. 1a). Vysledky analyzy provedené dle
druhého modelu potvrdily tento trend, nebot u déti
déle kojenych (skupina B) jsme zaznamenali niZsi
prevalenci sECC nez u déti nekojenych, nebo koje-
nych kratéi dobu (skupina A, tab. 1b).

Nezaznamenali jsme rozdil v tom, kolik ro-
di¢h zacalo s ordlni hygienou po prvnim ro-
ce Zivota svého ditéte mezi détmi v I, a II, sku-
piné a ani v tom, kolika procentiim déti jsou
podavany slazené napoje mezi détmi v 1. a Ill. sku-
piné (p > 0,05). Détem z II. skupiny rodice signi-
fikantné méné Casto podavaji slazené napoje nez
détem zI. skupiny (p < 0,05). Nicméné rodi¢e 77,3 %
dét{ kojenych déle nez dva roky uvedli, Ze s oralni
hygienou zaéali aZ po dovrieni prvniho roku Zivota
ditéte a 86,4 % z nich podava svym détem slazené
napoje, coz sumarné odpovidd nejrizikovéjsimu
chovani mezi skupinami. Dokonce vice neZ polovi-
na rodicii détd s intaktni dentici uvedla, Ze zacala
s ¢isténim zubh v dobé mezi profezanim prvniho
zubu a dovrienim prvniho roku ditéte, ale u téch
déti, které byly kojeny déle nez do dvou let véku,
toto neplatilo (tab, 2),

Negativni vztah jsme zaznamenali mezi vékem
ditéte, ve kterém bylo ukonéeno kojeni, a kdy bylo
zapocato s ¢isténim zubl (p = 0,003). Statisticky
vyznamna byla korelace mezi podavanim slazenych
napoja ditéti a vékem, kdy mu rodice poprvé vydistili
zuby; v tomto piipadeé se jednalo o linedrni zavislost
(p < 0,001, graf2).

DISKUSE

ECCjejedno z nejcastéjsich chronickych onemoc-
néni v détstvi a je spojen s vyznamnym zhorSenim
kvality Zivota ditéte. Kromé socidlnich aspekti ma
toto onemocnéni vliv i na schopnost prijimani po-
travy, na celkovy zdravotni stav i na staly chrup.
U mnoha déti je nutné provést stomatologické oset-
feni (obvykle mnohofetné extrakce) v celkové aneste-
zii, coz je mimo jiné finan¢né nakladné [10]. V mno-
ha vyspélych zemich je diagnéza ECC povaZovana
za zanedbdni péfe o dité [3]; i pfesto stile existuje
pfedstava, Ze zdravi dofasnych zubii neni podstatné,
coZ vede k nedostatetné péci o dutinu ustni déti [7].

Lokalizace zubnich kazii u studované skupiny
déti se SECC logicky odpovida jiZ znamym zjiSténim.
Dominantni postiZeni hornich fezdkil zubnim ka-
zem bylo v minulosti popsano terminem ,,medové
zuby*. Na druhou stranu zuby ve frontalnim tseku
dolni éelisti, které jsou nejvice v kontaktu se slinou
a jsou chranény pfed zubnim kazem, byly ve sledo-
vaném vzorku zubnim kazem zasaZeny u méné nez
20 % déti se SECC. Rovnéz spolecny vyskyt gingivitidy
a sECCje ofekdvatelny, u téchto déti je evidentné za-
nedbana ordln{ hygiena a nahromadény zubni plak
obsahuje nejen kariogenni bakterie, ale také mik-
roorganismy s negativnim vlivem na parodontalni
tkané, které jsou pii¢innym faktorem zanétu dasni.

Podivani slazenych ndpojl détem a nedostatecna
ordlni hygiena jsou zndmymi rizikovymi faktory
vzniku ECC; naSe vysledky toto zjisténi potvrzuji.
Navzdory varovanim a v8eobecné proklamovanym
vyzivovym doporufenim slazené napoje détem nepo-
dava méneé nez 20 % rodicii. Navic, podle nasi osobni
zkuSenosti, i kdyZ rodic¢e uvedli, Ze détem slazené
napoje nepoddvaji, tak i témto détem jsou v pied-
$kolnich vzdélavacich zafizenich slazené napoje
nabizeny, Zjistili jsme, Ze u déti ve véku vySsim
nez tfi roky v dobé vysetfeni, kterym jsou podavany
slazené ndpoje, se vyznamné éastéji vyskyrtuje sECC
oproti détem, jejichz rodice jim slazené napoje ne-
podavaji. Na druhou stranu u mlad$ich déti nejsou
rozdily ve frekvenci sECC mezi skupinami podle
piijmu slazenych napojil. Z toho vyplyva, Ze poda-
vani slazenych nipojl je rizikovym faktorem pro
zubni kaz pfedev§im v dlouhodobém horizontu a Ze
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na vznik zubniho kazu v dofasné dentici maji vliv
také jiné faktory, napfiklad ordlni hygiena i gene-
tické predispozice. Pro detailnéjsi analyzu by bylo
potieba provést prospektivni studii, kdy by rodice
uvedli, od kolika let ditéti zacali slazené niapoje
podavat a v jaké frekvenci takto ¢ini. Alarmujici je
i priimérny vék, kdy rodiée zaéinaji éistit zuby svym
détem. Prvni zub/y se za¢inaji profezavat obvykle
mezi étvrtym aZ Sestym mésicem véku a kompletni
dotasnou dentici dité ma vériina déti do 30 mésici
véku, tudiz zacit s oralni hygienou v 16 mésicich
véku nebo pozdéji je jednoznacné nedostatecné.
Ziejmeé to souvisii s tirovni oralni hygieny rodiéa,
coZ je potencidlné dalsi rizikovy faktor (ktery jsme
nesledovali), protoze mohou infikovat dité svymi
patogennimi ordlnimi bakteriemi. Idedlni je, po-
kud rodice zuby ditéte zacinaji ¢istit od prvniho
profezaného zubu, dité vedou ke spravinym navy-
kiim, jsou mu vzorem a postupné ditéti pfedavaji
zodpovédnost za jeho oralni zdravi.

Zajimavym vysledkem je zvy§end prevalence re-
fluxu/zvraceni/éastého ublinkavani u déti s intaktni
dofasnou dentici. A¢koliv pii téchto stavech mtzZe
dochédzet k regurgitaci zaludecniho obsahu do dutiny
Gstni, a tim ke sniZeni pH, 1ze ofekdvat, ze by takto
vznikaly spiSe eroze skloviny nez zubni kaz. Je moz-
né, Ze rodife déti s intaktni dentici jsou Gzkostlivéjsi
a1vyjimeéné ublinkavan{ uvedli jako Casté,

Pozitivni zjisténi je podle naseho ndzoru to, Ze
pfevaZna vétsina matek své dité kojila. Pro statis-
tické zpracovani se ukizalo vyhodou, Ze zastoupeni
détiv1. aIl. skupiné bylo podobné.

Zjistili jsme, Ze kojeni dét{ déle neZ Sest mésich
améné neZ 24 mésicl je asociovano s niZsim rizikem
rozvoje sECC v ¢eské populaci. Ve druhém modelu,
kdy jsme zvolili hranici mezi détmi podle toho, zda
Dbyly kojeny pouze 12 mésicti nebo delsi dobu, se tento
trend potvrdil.

Nase vysledky jsou v kontrastu s recentni meta-
analyzou [4], kdy bylo kojen{ ditére déle neZ 12 mésicli
asociovano s rizikem ECC. V brazilské kohortové stu-
dii zahrnujici 1303 déti bylo za rizikovy faktor sECC
oznateno prolongované kojen{ (déle neZ 24 mésicii).
AvSak autofi doporuéili, aby mechanismy vedouci
k rozvoji u déle kojenych déti byly nadile zkou-
many [9]. Podobné se k tomu stavi 1 autofi dalsich
metaanalyz [14, 17], kde bylo poddvini matefského
mléka kojencfim v porovnani s nahradni kojenec-
kou vyzivou spojeno s protekci pfed zubnim kazem,
Statisticky v§znamnou asociaci mezi kojenim delsim
nez 12 mésicll a zubnim kazem pak navrhuji pfisou-
ditjinym kofaktorim, jako je noéni krmenti, p¥jem
kariogennich potravin/napojit nebo nedostateéna
ordlni hygiena [14, 17].

JelikoZ nejméné byly podavany slazené napoje
détem z II, skupiny ve srovnani s ostatnimi, lze
ochranu pfed vznikem/rozvojem zubniho kazu pii-
soudit vysledku synergického efektu vySe zminénych
proménnych. Z naseho vyzkumu vyplyvd, Ze éim déle
bylo dité kojeno, tim dffve rodice zacali s ¢isténim
zubil, a naopak. Navic détem, u kterych bylo zapo-
Cato s ordlni hygienou jiz v dobé profezani prvnich
zubii, rodife spife nepodivaji slazené nipoje, nez
tém, kterym zacinaji ¢istit zuby pozdéji.

Nejhorsi vzorec chovani a piistupu k dstni hy-
giené ditéte jsme zaznamenali u rodita déti, které
byly kojeny déle neZ dva roky. Rodice témto détem
podavali slazené napoje €astéji pfi srovnani s rodici
déti nekojenych nebo kojenych do 3estého meésice
véku, piipadné s rodici déti kejenych vice nez pal
roku a méné nez dva roky. 1z tohoto usuzujeme, ze
povazovat kojeni déti del$i nez dva roky za rizikovy
faktor zubniho kazu bez posouzeni vlivu dalsich
faktort (napf. stravy a ¢isténi zubll) neni objektiv-
ni. Nicméné pocet matek, které kojily dité vice nez
dva roky, je v naéi sledované populaci nizky, proto
by vysledky vztahujici se k prolongovanému kojeni
mély byt posuzovany s opatrnosti.

Kojeni byvad nepiiznivé spojovano pouze se vzni-
kem a rozvojem zubniho kazu, ne viak se vznikem
ortodontickych anomalif; u kojenych déti je nap¥i-
klad niZéi riziko malokluze nez u déti krmenych
z ldhve [18]. Podle piehledového ¢lanku od Perese
akol. [8] je nezbytné pro raciondlni zhodnoceni vzta-
hu kojeni a zubniho kazu zvy3it naroky na metodolo-
gické pfistupy studii. To se tfkd nejenom sjednoceni
terminologie a vylouceni zkreslujicich proménnych
(napf. nezahrnovat do studii nedono$ené déti), ale
také pouZiti vhodnych analytickych nastrojii. V nasi
studii jsme se Fidili timto schématem, kriticke pro-
ménné, které by mohly zkreslit celkové vysledky,
jsme proto stanovili jako vylufovaci kritéria pro
zafazeni ditéte do studie.

Alkoliv psychosocidlni a behavioralni faktory ve
vztahu k ECC byly analyzovany dosud jen v nékolika
studiich [5, 7, 13], je na zdkladé dosaZenych vysledkl
moZné navrhnout obecné behaviordlni teorie, které
mohou napomoci perozumét dopadu a ti¢innosti
intervenci. Nicméné tyto behaviordlné-intervenéni
nastroje by mély byt specifické pro jednotlivé popu-
lace, jelikoZ existuji rozdily nejen mezi rozvojovymi
avyspélymi staty, ale také mezi jednotlivymi kultur-
né-etnickymi komunitami,

Domnivame se, Ze vyssi prevalence sECC u déti
kojenych ive vy$8im véku nalezena v jinych studiich
nemusi souviset pouze s pfijmem matefského mlé-
ka, ale spfie se vzorcem chovani roditi, Matky, které
dité koji do jeho vy$iiho véku, nebo osoby pecujici
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o tyto déti mohou byt v priiméru nejvice benevolent-
nik dedrZovani vyzivovych a hygienickych pravidel.

Matefské mléko sice obsahuje laktézu, tedy jeden
z fermentovatelnych sacharidd, ale jeho souéasti
jsou také mineraly a imunoprotektivni proteiny.
Tyto proteiny, napf. laktoferin, maji ¢asto pfimou
antimikrobidlni aktivitu a jejich koncentrace je fado-
vé vy8&i, neZ je tomu ve sliné [12, 15]. Proto je kario-
genita matefského mléka diskutabilni, jednoznaéné
je v8ak méné rizikovym typem vyZivy nez nahradni
mlécna kojenecka vyZiva, ktera pravé tyto proteiny
necbsahuje. Nedoporucujeme zubnim lékafim ani
pediatrim, aby matky od kojeni z divodu poten-
cialniho rizika zubniho kazu odrazovali, nebot nase
vysledky ukazuji spie na benefity kojeni ve vztahu
k ordlnimu zdravi. Také Peres a kol. [8] navrhuji,
aby zubni lékafi a dalsdi pracovnici, napfiklad den-
talni hygienistky, vzhledem k nespornym celkovym
pfinostim kojeni pro dité podporovali doporuceni
WHO. Pro stomatologickou praxi by potencialni
riziko zubniho kazu spojené s dlouhodobym koje-
nim mélo byt soucdsti individudlniho poradenstvi
pacienta, pfi kterém jsou zohlednény viechny dalsi
relevantni faktory, které se na vzniku zubniho ka-
zu mohou podilet a kterym by matky mély vénovat
adekvatni pozornost.

Pro sledovani vztahu no¢niho kojeni a sECC by
byle vhodnégjsi zvolit prospektivni design studie,
jelikoZ matky si asto nepamatovaly, do jakého véku
dité v noci kojily. Na otazku v dotazniku, zda dité
kojily v noci, pak matky kojenych dét{ v 99 % pEipada
odpovédély, Ze ano, ale bez udani ¢asové informace,
ktera je pro posouzeni rizika moZnosti vzniku zub-
niho kazu zasadni. Dalsi limitaci nasi studie je, Ze
ikdyZ jsme oslovili rodi¢e napii¢ populaci, vyzkumu
se G€astnila jen ur€itd éast znich.

ZAVER

V etiopatogenezi ECC hraje roli mnoho faktorfi;
kojeni déti v intervalu Sest aZ 24 mésich se jevi jako
protektivni faktor tohoto infekéniho onemocnéni,
zatimco podavani slazenych ndpoji a pozdni nastup
oralni hygieny je mozné oznacit za rizikové chovani,
které mtiZze byt pficinou rozvoje sECC. Pro stanoveni
rizika vzniku tohoto multifaktorialné podminéné-
ho onemocnéni dutiny ustni je tieba brat v ivahu
viechny faktory a dlisledné se vénovat preventivnim
opatfenim. Behaviordlni intervence musi v prvni
fadé cilit na matky a osoby pefujici o dité, ale i sa-
motné dité by mélo byt vedeno k zodpovédnosti za
své (nejenom) oralni zdravi. Pfi optimalni intervenci
cilené na danou skupinu obyvatel by se mohly zlepéit
znalosti a chovani rodi¢il i déti, a tudiZ i stav jejich

dutiny astni. Vysledky dosazené v nasi studii by
mély byt ovéieny v dalSich evropskych zemich ané-
sledné by mély vést k zavedeni vhodného behavio-
ralné-intervenéniho programu,
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Abstract

Background: Oral diseases, such as early childhood caries (ECC), have a complex etiology with common,
behaviour-related risk factors. Appropriately targeted behavioural intervention using effective tocls can help to
eliminate risk behaviour leading to ECC. The aim of this study was to ascertain which visual stimuli with a
supporting text evoke the strongest emotional response in infants’ mothers and, therefore, are suitable candidates
for inclusion in behavioural interventions within the prevention of ECC.

Methods: Thirty-nine mothers of one-year-old children who filled out an originally designed electronic
questionnaire, containing 20 visual stimuli with accompanying texts related to dental caries (10/10 with positive/
negative intended emotional response), were included in this cross-sectional study. The emotional impact of each
stimulus in the mothers was evaluated using the Self-Assessment Manikin (SAM) technique, which represents three
emotional dimensions: valence, arousal, and dominance.

Results: Each of the stimuli was assessed by the mothers of infants based on its emotional impact. The real
emotional response (evaluated according to the median of valence) was in line with the primarily intended
respanse in 90% of cases (p < 0.05). The text with a warning evoked a greater emotional response (evaluated
according to the median of arousal) in mothers than only the informative instruction (p < 0.05). The relationship
between arousal and valence (r= —0.99; p < 0.05) indicates that the more aversive stimuli raise higher arousal. The
significant correlation between valence and dominance shows that the more positive the stimuli, the higher feeling
of control over the evoked emotion the mothers have (r=0.83; p < 0.05), and, on the contrary, the lowest control
over emotion is correlated with higher arousal (r =— 0.85; p < 0.05). Generally, mothers rated themselves as in high
control of their emations over the individual stimuli.

Conclusions: This pilot study proved that negative pictorial and text warnings about the risks of developing caries
had the potential to evoke strong emaotional responses in the mothers of infants. We identified three visual stimuli
that could be included in future extensive motivation material in an attempt to affect the preventive behaviour of
mothers, and thus the oral health of their infants.

Keywords: Behavioural intervention, Dental caries, Early childhood caries, Prevention, Primary dentition
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Background

Dental caries is a multifactorial disease caused mainly by the
presence of microbial plaque on the teeth surface related to
poor oral hygiene, inappropriate dietary habits, and low
tooth surface exposure to fluoride [1]. Despite a number of
preventive measures, dental caries remains one of the most
widespread infectious diseases in the world. Early childhood
caries (ECC) is defined as the presence of one or more
decayed (non-cavitated or cavitated lesions [d;-d4]), missing
(due to caries), or filled tooth surfaces in any primary tooth
in a child under the age of six [2]. Severe ECC (s-ECC) is
any sign of smooth-surface caries in a child younger than 3
vears of age [2]. Based on the etiopathogenesis of ECC, it is
possible to define non-modifiable (genetic and socioeco-
nomic) and modifiable (dietary habits and oral hygiene) fac-
tors related to this oral disease. It has been suggested that
one of the key factors in the etiology and subsequently the
prevention of dental caries, is the behaviour of mothers or
other caregivers [3, 4]. Despite satisfactory knowledge of the
risk factors for dental caries, information alone is not suffi-
cient to change behaviour and a special behavioural interven-
tion is necessary [5].

Emotions are closely linked to the approach and avoidance
motivation strategies which represent the fundamental mo-
tivational forces governing human behaviour. They can be
viewed as “push” forces that predispose to act in a certain
way [6]. Each motivated behaviour can be divided into two
tendencies by activating two different brain systems: the ten-
dency to approach a pleasant stimulus (reward system) and
the tendency to repulse from an aversive stimulus (defence
system) [7]. The general aim of behaviour could be defined
as an effort of people to move closer to the desired emo-
tional state. In other words, actions in reaction to emotions
should lead to the achievement of a more ‘good for me’ or
less ‘bad for me’ state [8]. In order to evoke the person’s mo-
tivation to behave in a certain way, the stimulus that is to
provoke must be connected with the emotional reaction, in
the sense of the basic assessment as to whether it is a good
or bad state for the person.

Currently, most information on dental caries prevention
is presented as a professional recommendation in a rather
emotionally neutral textual form. The “evidence-based” rec-
ommendation produces positive emotions in health care
providers, for others it is rather neutral and incomprehen-
sible. Although verhal expressions of emotions and feelings
in humans are very variable, factor-analytic studies of emo-
tional language have concluded that each stimulus can be
placed into a three-dimensional affective space which is de-
fined by: emotional valence, emotional arousal and domin-
ance [9]. These dimensions are closely connected with the
motivation of behaviour. The coordinates of the stimulus
(e.g., photograph, text, sound, etc.) in the affective space,
expressed by valence, arousal and dominance, represent im-
portant information about its motivational power.

Page 2 of 8

In this context, searching for effective approaches to
motivate people to change risk behaviour or to create
health-promoting behaviour, is a major challenge of pre-
ventive medicine.

Methods

The aim of this pilot study was to ascertain which visual
stimuli with a supporting text evoke the strongest emo-
tional response in infants’ mothers and, therefore, are
suitable candidates for inclusion in behavioural interven-
tions within the prevention of ECC.

The originally designed electronic questionnaire (Add-
itional files 1 and 2) contained 20 stimuli, which repre-
sented the risk factors of dental caries in children or
showed the appropriate behaviour of mothers in the care of
their children’s dentition. The visual stimuli (10 with an
intended positive response and 10 with an intended nega-
tive response), accompanied by verbal descriptions, warn-
ings or information (instruction), were designed in line
with the recommendations of the European Academy of
Pediatric Dentistry [1]. The visual stimuli were chosen ac-
cording to the experience of the clinicians from our
out-patients clinic. The most scrious conditions were in-
cluded in aversive pictures. The positive picture set was
composed of the most desired aims of prevention of dental
caries (pictures 2, 4, 6, 8, 10, 12, 14, 16, 18, and 20).

The emotional impact of these 20 individual stimuli
on mothers was evaluated using the Self-Assessment
Manikin (SAM) method (Fig. 1) [10]. The SAM graph-
ical scale is a tool for the assessment of the three basic
emotional dimensions: valence, arousal, and dominance.
The emational valence (first line in Fig. 1) is a bipolar
scale which describes a continuum between polarities
that are extremely unpleasant (unhappy manikin on the
left) and extremely pleasant (happy manikin on the
right). The scale ranges from 1 to 9 (1 extremely un-
pleasant, 5 neutral, 9 extremely pleasant). The arousal
scale (the second line in Fig. 1) represents a continuum
which ranges from 1 (calm, relaxed manikin on the left)
to 9 (extremely excited, aroused manikin on the right).
The dominance scale (third line in Fig. 1) describes the
level of subjectively referred sense of control over the
emotion evoked by the stimulus. It ranges from 1 (loss of
control, manikin on the left) to 9 (full control, manikin on
the right). The subject is instructed to evaluate their im-
mediate subjective feeling being evoked by the test mater-
ial (texts and pictures in our study) across the three
afore-mentioned dimensions.

During the period from 04/2017 to 10/2017, 97 mothers
of one-year-old children were addressed with a request to
join this cross-sectional study. Ninety-seven infants were ex-
amined with a dental mirror and probe by one pediatric den-
tist at the Clinic of Stomatology, Faculty of Medicine,
Masaryk University and St. Annes Faculty Hospital. The
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Valence

It is unpleasant. I am
unhappy, angry,
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It is not in my control.
1 cannot affect it.
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Fig. 1 Self-Assessment Manikin scale [18]
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I am excited, activated,
vigilant.

It is in my control.
I can affect it.
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dymft index was calculated using dental caries (d; level) as a
cut-off point for the detection of decay. There were no exclu-
sion criteria for mothers and infants. Only 39 mothers signed
informed consent forms and agreed to participate in our
study. The basic demographic characteristics (age of
mothers, education of both parents), and their awareness of
caries risk factors and dental caries prevention, ie. suitable
diet, drinking sweet beverages, significance of teeth cleaning/
brushing, suitable teeth brushing techniques, observance of
oral health of their children etc, were determined in all of
them. Subsequently, after being instructed as to how to rec-
ord the emotional perception evoked in them by a stimulus
on the SAM scale, (see Additional file 1), the mothers were
asked to fill out the electronic questionnaire. The link to the
electronic questionnaire was sent to mothers’ e-mail ad-
dresses, the questionnaire was filled out online.

For statistical purposes, the scope of the SAM tech-
nique was converted to numbers ranging from 1 to 9.
The software Statistica v. 13 (IBM Corporation, 2013)
was used for the data analysis. The relationships between
the 3 dimensions (valence, arousal, dominance) were
computed using Spearman’s correlation coefficient (r).
For the description of variables the mean and standard
deviation (SD), median and interquartile range (IRQ),
and minimum and maximum were used. Statistical sig-
nificance of relationship between categorical variables was
tested using Fisher exact test, statistical significance of dif-
ferences in ordinal scores between groups was tested
using Mann Whitney U test. The sample size was planned
on the basis of expected width of 95% confidence interval
for average score estimate with expected standard devi-
ation of pseudo-continuous scoring scale 1. The accept-
able width for the 95% confidence interval of average
score estimate was set as 0.7; it corresponds to N=35.
The computation of the overall sample size was estimated
using previously experienced response rate approximately
30-40% in similar studies [11-13]. The response rate to

the questionnaires was estimated to be assumed to be ap-
proximately 40%, thus 97 mothers were addressed to
reach 35-40 responses.

Results

In this pilot study, 39 mother-child pairs were included. The
electronic questionnaire response rate was 40.2%. 35.9% of
mothers were in the age group of 21-30years and 64.1%
were in the age group of 31-40 years. 51.3% mothers had
higher (university) education. Only four mothers had lower
than secondary school education. The mean age + standard
deviation (SD) of the infants was 11.2 + 2.4 months (median
age [interquartile range, minimum-maximum] 10.0 [10.0—
12.0, 8.0-20.0] months) with 5.6 + 3.8 (5.0 [3.0-7.0, 0-16.0])
primary teeth. The examination revealed beginning of caries
in three children (d;ymit) on all upper incisors, i.e. d;mit =4,
the other children were caries free.

Five mothers reported that they did not use tooth
paste for cleaning their infants’ teeth, only two mothers
served sweetened beverages to their children and none
of them dipped a pacifier into something sweet before
giving it to their child. Up to 28.2% of mothers cleaned a
pacifier in their mouths and even 43.6% of them occa-
sionally or regularly tasted a meal with the same spoon
or licked the spoon while feeding the infant.

Each of the stimuli in the electronic questionnaire was
defined based on its emotional impact on the infants’
mothers. Table 1 shows the statistical evaluations (median
and interquartile range) of valence, arousal, and dominance
produced by ranking the individual stimuli in the question-
naire. There was a highly statistically significant relationship
between the expected and observed emotional result of the
visual stimuli (10 negative and 10 positive vs. 8 negative
and 12 positive, p <0.05). The real emotional response
(evaluated according to the median of valence) was in line
with the primarily intended response in 90% of cases.
Highly statistically significant difference in the median
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Table 1 Ranking of the stimuli in the questionnaire (valence, arousal, dominance)

S OV T Text Median (IQR)

Valence Arousal  Dominance R
5 N W Lack of mother's care for her infant's teeth causes tooth decay T{i=2i 8{5-9 B8(7-9 N
13 N W Neglecting care of your child’s teeth leads to serious complications T(1-31 7(5-9) 8(6-9) N
7 N W Untreated tooth can also endanger your child’s life. 2(1-31 7{(5-90 3(6-9 N
15 N W Cares hurt children 2{1-3 7{(3-8 7(3-9 N
17 N W Poor dentition requires anesthesia, 5(35-8) 8(5-9) N
9 N W By neglecting regular care at the dentist, you expose your child 1o an unpleasant treatment, 30=5 6(3-8) 7i(7-9 N
3 N W Sleeping with a bottle increases the risk of tooth decay. 3(2-7) A{2-70 9(7-9 N
19 N W Mother may be a source of bacteria supporting tooth decay in a child 402-7 53~ 7(5-9 N
20 P | By avoiding kissing baby on the lips, you reduce the risk of transmission of bacteria that cause tooth 6 (3-9) 3 {1-6) 8 {6-9) P

decay.
TN | e do not offer sweetened drinks o children, A 4-9) 3{2-5 9(/-9) P
16 P | Preventive examination takes place twice a year. 8(5-9) 2{1-5 9(8-9 P
4 P | Avisit to a dentist can be painless. 8(55-9 2{1-5) 7i{65-9) P
11 N | Regular dental examinations allow the dentist to detect dental caries in time and treatment is 8(6-9 2(-4 989 P
painless,

14 P | We clean our child’s teeth twice a day. 8(7-9) 2{1-3) 9(7-9) P
2 P | Parents must assist their child with care for their teeth till the child is six. Q79 2{-4 979 P
6 P | Arthe age of 1 vear, child eats from hissher own saucer and with hissher own cutlery. 9Q75-9) 2{1-4 8i65-9) P
18 P | Regular care protects your child's teeth 9{8-90 1{1-3) 92i(8-9) d
8 P | Drinking pure water reduces the risk of toath decay in children. 99 1{(-2) 9i8-9 P
12 P | Parents are the ultimate maodel for children. 9B-9 1{-20 969 P
10 P I Regular care pratects your child's weeth, 9(8-9) 1{(-27 2189 P

The relevant statements are ordered according to their valence, from the mest negative to the most positive. The combination of visual and text stimuli with
the highest potential for the use in behavioural interventions. Numbers In italics represent stimuli assessed by more than 75% of mothers with valence =5/
arousal =5. S =stimulus in the questionnaire, V = intended visual stimulus, T = text stimulus, R = emotional response of mothers to visual and text stimuli, IQR=

interquartile range, N = negative, P = positive, W = warning, | = information

values of valence between groups defined according to the
expected negative and positive emotional result was ob-
served (10 intended negative emotional stimuli with median
of valence 2 [IQR, 2—4] and 10 intended positive emotional
stimuli with valence 9 [IQR, 8-9], p < 0.05). The text with a
warning evoked a greater emotional response in mothers
than only the informative instruction. The significant differ-
ence in median values of arousal between groups catego-
rized according to the type of text was found (8 text
warnings with median of arousal 6 [IQR, 5-7] and 12 text
instructions with arousal 2 [IQR, 1-2], p < 0.05).

Stimulus 5 was perceived as the most negative with the
lowest valence of 1 and the highest arousal of 8, with 95% of
the mothers giving the picture and the description a negative
valence (valence less than 5) and 69.2% high arousal. Stimuli
3,5 7,9, 13, 15, 17, and 19 exhibited low valence (median
from all texts and pictures <5) and can be considered as
negative. High arousal (median of all statements =5) was re-
corded only in stimuli 5, 7, 9, 13, 15, 17, and 19. Negative
stimuli 5, 7, and 13 including text warnings were assessed by

more than 75% of mothers with a valence <5 and at the
same time with an arousal =5 (Fig. 2).

Qur results demonstrated that not all stimuli originally
intended as negative were perceived by the infants’
mothers adversely. Negative stimuli 1 and 11 were evalu-
ated by mothers with valence 7 and 8 (respectively), and
thus as positive. However, stimuli 19 and 20 with an
intended opposite response were evaluated by mothers
as we had presumed, ie. they evoked a rather neutral
valence and a mean value of arousal (Fig. 2).

It is evident that the exposure of mothers to stimuli
did not cause a significant loss of control over the
evoked emotions (see Table 1). The median value of all
responses was higher than 5 in all cases. For this reason,
only the results relating to the remaining two subscales
(i.e. valence and arousal) are further presented.

All positive images and descriptions generated positive
valence and low arousal (Fig. 3). Stimuli 8, 10, 12, and
18 (with median of valence 9 and arousal 1) were evalu-
ated as the most positive ones. The relationship between
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arousal and valence (r=-0.99; p<0.05) indicates that
the more aversive stimuli raise higher arousal. The sig-
nificant correlation between valence and dominance
shows that the more positive the stimuli, the higher feel-
ing of control over the evoked emotion the mothers
have (r=0.83; p <0.05), and, on the contrary, the lowest
control over emotion is correlated with higher arousal
(r=-0.85; p<0.05). Generally, mothers rated them-
selves as in high control of their emotions over the indi-
vidual stimuli.

Discussion

Several studies have focused on behavioural interven-
tions within prevention of ECC and other oral diseases.
Behavioural interventions to reduce caries have been
based on a variety of behaviour change theories and ap-
proaches — mainly the social cognitive theory and the re-
lated health belief model and the theory of planned
behaviour, self-determination theory, and motivatienal
interviewing [14, 15].

The preventive programs are primarily aimed at chil-
dren at primary schools [16]. Programs trying to influ-
ence parental behaviour are rare [17]; they mostly affect
the frequency of tooth cleaning but do not lead to a
change of dietary habits in children [17]. We believe that
intervention within prevention of ECC should be tar-
geted at mothers as they play an important role in health
behaviour of the whole family, especially infants.

As already mentioned, emotions are an important part of
the motivation to change behaviour. Triggering positive or
negative emotions associated with problematic behaviour is
one of the funcdamental processes of this change [18]. The
most effective approaches in preventive medicine are those
with minimal economic costs and maximum population im-
pact [19]. Searching for stimuli that evoke strong emotions
and address the relevant target groups is a key step of each
effective preventive intervention.

This also was the aim of the submitted pilot study as the
stimulus material for the intervention approach for the
Czech population has not been formed and standardized yet.
Stimuli 5, 7, and 13 in our questionnaire have the lowest
valence and the highest potential to evoke a strong emo-
tional response in the mothers of infants and thus may be
used as aversive stimuli within behavioural interventions in
the field of oral health. The highest arousal was evoked by a
picture of the damaged teeth of a child and the statement
“Lack of mother’s care for her child’s teeth causes tooth
decay.” The high deminance associated with all stimuli (in-
cluding stimulus 5) could be explained again by the fact that
the experimental group probably consisted of responsible
mothers, who visit the dentist regularly and have no reason
to worry.

While the negative pictures with warnings were evalu-
ated by mothers as we had presumed, both negative
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figures with educational texts were evaluated with an
unexpectedly high valence. In stimulus 1, this can also
be explained by the fact that the crossed-out positive fig-
ure does not evoke negative emotions. In stimulus 11,
the figure shows a child being treated by a dentist, simi-
larly as in stimuli 4, 9, 16, and 17. We suppose that the
mothers of infants in our studied group perceived the
dental treatment neutrally and thus these types of figures
should be replaced by other images in following studies.

Nevertheless, stimuli 1 and 11 represent an interesting
subgroup of pictures with supporting texts in terms of
the emotional responses of mothers. The responses to
them very likely depend on the behaviour of the mothers
and thus constitute a continuum between positive and
negative valence reactions. Mothers participating in this
study cared for their children’s oral health and generally
maintained preventive measures. Therefore, they appre-
ciated this information as positive and might be willing
to follow the recommendations. Negative responses
could be expected from the mothers on the opposite
side of the continuum whose behaviour is unhealthy and
negative pictures with texts confront them with this fact.

In general, current prevention medicine uses only a lim-
ited repertoire of behaviour change techniques [20, 21]. It
mostly focuses on providing information on the relation-
ship between behaviour and health or fear appeal. For ex-
ample, the global prevention campaign on tebacco
products is based on aversive visual stimuli and text warn-
ings. However, it has been repeatedly shown that educa-
tion and intimidation are not enough [14] and that people
are more motivated by moving towards positive emotions
[22] than by avoiding negative situations. The approach
often neglected by a contemporary biomedical model of
medicine is based on the premise that rather than avoid-
ing fear it is more natural for people to move towards
some appreciated personal values and principles {e.g.,“to
be a good mother”). A preventive campaign based on this
principle should be the next focus of research into the
prevention of tooth decay.

For this reason, positive stimuli were also included in
our questionnaire, for example a picture of a mother
who is cleaning her teeth with her child and the sen-
tence: “Parents are the ultimate model for children”.
This sentence was rated by mothers as one of the most
positive, but with very low arousal. Finding that positive
images are associated with lower arousal agrees with the
results of other studies [23]. It is still unclear what role
arousal plays in the positive motivation and what its op-
timal level for the most effective behavioural change
should be,

The warning or information about the inappropriateness
of kissing a child on the mouth (stimuli 19 or 20} due to
the possible transfer of the cariogenic bacteria from the
mother’s mouth into the child’s oral cavity evoked a rather
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neutral valence and a mean value of arousal, whereas the
interquartile range is greatest at the valence of these stim-
uli. It probably reflects great ambivalence of mothers to
this statement. The picture of mother kissing her child
with information about a possible transmission of bacteria
has the potential to be used as a positive stimulus in the
intervention process.

The main limitation of this study is a low number of pro-
bands due to a lack of interest across a group of mothers of
infants. The fact that the electronic questionnaire was filled
out by the mothers online may have played a role in the low
response rate. Mothers were not under pressure to partici-
pate. On the other hand, responders should be in emotional
stable state when filling out the electronic questionnaire. The
final number of the obtained questionnaires generated a
sample size which was sufficient for the planned statistical
estimates with a relevant confidence interval.

Another problem is the significant impact of selection,
especially when mothers with higher motivation and
generally better knowledge of risk factors of tooth decay
(“conscious mothers”) were willing to be involved in the
study. There is a high probability that mothers with risk
behaviour were not interested in participating in the
questionnaire survey. Further research will need to be
done on a larger sample of the population, including
mothers from risk groups.

Our constant hypothesis is that the stimulus material
should firstly impress mothers with a negative warning, thus
developing negative emotions in the form of concerns about
their child’s health, and at the same time offer them a solu-
tion as to how to avoid the feared consequences of their be-
haviour. In the future follow-up study, we intend to create a
portfolio of emotionally-charged stimuli (images with texts)
and then verify their effectiveness in behavioural interven-
tion. The stimuli material can be a beta version for a motiv-
ational interview or a smart phone application which we will
test on the Czech population. We can draw inspiration from
the studies in the population of the American Indians [24]
or studies by Nolen et al. [25]. It will be necessary to deter-
mine the percentage of mothers who really have changed
their behaviour on the basis of the given prevention method
(reduced consumption of sweetened drinks, regular prevent-
ive examinations, etc.) and to verify whether the defensive
mechanisms such as generalization or rationalization were
not activated.

Conclusions

This pilot study proved that negative pictorial and text warn-
ings about risks of developing caries had the potential to
evoke strong emotional responses in the mothers of infants.
We identified three visual stimuli which could be included in
a future extensive motivation material in an attempt to affect
the preventive behaviour of mothers, and thus the oral health
of their infants. Future research in this area should focus on
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creating extensive stimulus material and its subsequent veri-
fication on a large population.
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SOUHRN: Piehledovy Clanek popisuje vyhody a ne-
vyhody testl aktudlné dostupnych na ¢eském trhu
(pfipadné v EU), které jsou zubnim lékafdm nabize-
ny k diagnostice zubniho kazu a/nebo onemaocnéni
parodontu u déti i dospélych, k vybéru optimalnich
terapeutickych postupl i k ovéfeni efektivity [éChy.
Testovadni mohou byt provddéna pifmo v ordinaci
zubniho Iékafe nebo v externi laboratofi a hodnoti
se nejéasté)i mnoZstvi a kvalita sliny, pocet vybra-
nych kariogennich a/nebo parodontalnich bakterir,
pfipadné geneticky podminénd predispozice pa-
cienta (variabilita v genu pro prozanétlivy cytokin
interleukin-1). Existuje nékolik variant kitd s riznou
citlivosti a pfesnostf; nékteré z nich viak vyZaduj
dali piistrojové vybaveni. V rdmci posflenf preven-
ce a oralni péce mohou byt nékteré testy pro uréeni
individugIn nachylnosti k témto chorobam dacinnym
nastrojem pfi behavioralni intervenci nejenom u pa-
cientd s rizikovym nalezem.

Kli¢ova slova: test, slina, ordIni mikrofléra, prevence,
parodontitida, zubni kaz

COMMERCIALTESTS FOR
THE DETERMINATION

OF DENTAL CARIES AND
PERIODONTAL DISEASE RISK
AND DEVELOPMENT

Review article

SUMMARY: The review describes the advantages
and disadvantages of commercial tests currently
available to dentists on the Czech (or EU) market
for diagnosing the dental caries and/or pericdontal
disease in children and adults, for selection of opti-
mal therapeutic procedures and for veryfying of the
treatment efficiency. These tests are intended for
dental practice; testing can be performed directly
in the dentist’s office or in an external laboratory.
The saliva quantity and quality, the number of selec-
ted cariogenic and/or periodontal bacteria, or the
genetic predisposition of the patient (variability in
the proinflammatory cytokine interleukin-1 gene)
are evaluated. Several variants of kits with different
sensitivity and accuracy are available; some of them
require additional instrumentation. In the context of
strengthening prevention and oral care, several tests
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for the determination of the individual susceptibility
to these diseases can be an effective toolin behavio-
ral intervention not only in patients with risk finding.
Key words: test, saliva, oral microflora, prevention,
periodontitis, dental caries

Boiilova Linhartova P, Kaviikova D, Slezakova S, Kukletova M,
Izakovicova Holld L. Komer¢ni testy pro stanoveni

rizika rozvoje zubniho kazu a onemocnéni parodontu.

LKS, 2019, 29(2): 30-37.

uUvoD

Onermocnéni dutiny Ustni u déti | dospélych jsou
aktudlnim problémem soucasné mediciny, proto
existuje intenzivni snaha o co nejpfesngsl a nej-
jednodussi diagnostiku jejich etiologie, stanoveni
optimalniho |é¢ebného planu dle individualniha
nélezu a soucasné o posileni preventivnich opat-
feni pomoci behavioralni intervence. Nejcastéji
pacienti trpl zubnim kazem a/nebo onernocnénim
zavésného aparatu zubll (1), kdy v etiopatogenezi
obou téchto multifaktoridlnich onemocnéni hrajf
roli oréInf bakterie a schopnost organizmu se s jejich
piitormnosti vyrovnat bez poskozeni vlastnich tkani

Protektivni roli sehrdva slina, kterd swym tokem
odplavuje zbytky potravy z dutiny dstni a ovliviuje
slozeni ordln mikrofléry. Soucasné slina obsahuje
proteiny s rtiznou funkef (imunoprotektivii, antimi-
krobidlni, pufrovaci atd.) a ionty. Pufrovaci systemy,
které neutralizujf kyselé prostiedi v dutiné Gstni, jsou
1fi: Toslatowy, bilkovinny a bikarbondlewy (hydroge-
nuhli¢itanowy). pH v dstech je ovliviiovano nejenom
slozenim stravy a ndpojl (sladkosti, kyselé napoje
apod.), ale také uzivanim 1é¢iv (napf. inhalagnl kerti-
kosteroidy) (2), regurgitacl kyselého obsahu Zaludku
do dutiny ustni a/nebo celkovym zdravotnim sta-
vem pacienta.

Pti vzniku a rozvaji zubniho kazu hraje dlohu ¢as-
ta a/nebo nadmérnd spatfeba sacharidd (zejména
sachardzy) a pfitornnost grampozitivniho fakulta-
tivniho anaeroba Streptococcus mutans a dalsich
karicgennich bakterii (Lactobacillus sp., Actinomyces
sp.) (3], které jsou schopny metabolizovat fermen-
tovatelné sacharidy za wzniku organickych kyselin
zodpovédnych za demineralizaci skloviny. Zubni kaz
postihuje decasnou i stélou dentici a ordini bakteri-
alni profil je zavisly nejenom na typu dentice, ale i na
rozsahu kariézniho procesu (4).

Jelikoz baklerie schopné wvyvolal cnemocnéni
soulézi s béznymi orélnimi symbiotickymi druhy
v duting Ustni, vede jejich pormnazeni k naruenirov-
novahy a ke zmeéné sloZeni ordliniho biofilmu, k tzv.
dysbidze, Dysbioticky stav v dutiné astni mize
vést také k onemocnéni zavésného apardtu zubuy,
jednd se pfevéZné o polyrmikrobidlni infekci, aviak
bez jednoznacné spojitosti se specifickou bakterii/

bakteriemi. Nej¢astéji jsou u pacientl s parodontiti-
dou detekovany gramnegativni anaeroby cervens-
ho komplexu (Porphyromonas gingivalis, Tannerelia
farsythia, Treponema denticola) a oranzového kom-
plexu (Fusobacterium nucleatum, Parvimonas micia,
Prevotelia intermedia, Campylobacter rectus) (5, 6).
Z pfehledu soucasné literatury newvyplynuly zidné
kvalitativni rozdily ve sloZzeni ordlnihe mikrobiomu
mezi pacienty s agresivii (AgP) a s chronickou pa-
rodontitidou (CP) (7). Aggregatibacter actinomyce-
temcomitans je sice spojovan se zvysenym rizikem
lokalizované AgP (8), pfedeviim piftormnost wysoce
virulentniho klonu JP2 v subgingivalnim prostoru
miize slouZit pii predikai vzniku a progrese onemoc-
neni, byva viak prokazovan pouze u urité malé pod-
skupiny pacientt (9).

Mombelli (10) ve své préci pide, ze v soucasne dobé
neexistuje pro 1échu jakékoliv formy anemocnént
parodontu protokol 5 prokazatelnou nadrazenosti,
na druhou stranu existuji i studie navrhujici konkrét-
ni tcinné latky nebo postupy pro lécbu pacientd se
specifickym mikrobidlnim profilem (11, 12). Pokud
u pacientd budou definovany klicové rizikové bakte-
ridIni druhy, je mozné individualné pfistoupit k jejich
eradikaci/potlaceni a scucasné umoznit rekolonizaci
piiznivé a zdravé flary, at uz konvendnimi metodami,
nebo nowymi biotechnologickymi pfistupy (13).

Ackoliv se na wyzkumném poli hledaji geneticke
markery urcujici individudlni nachylnost jedince
k zubnimu kazu i k parodontitidé, vysledky studif
jsou Zasto protichiidné a zavislé nejenom na typu
dentice, ale 1131 se také mezi riznymi populacemi.
¥ soucasne dobé je variabilita v genu kadujicim pro-
zanétlivy cytakin interleukin-1 (IL-1) povazovana za
jeden z maznych faktor( ovliviujicich vznik a rozvoj
parodontitidy (14). V nadl neddvné studii (15) jsme
viak u pacientt v teské populaci zZjistill, ze 115 T ale-
lou v misté +3953C/T (rs1143634) v sekvenci - T1heta
genu maji mensi riziko rozvoje CP; rizné haplotypy
{(komhinace alel) v -] genovém klasteru mohou
ovliviiovat také riziko rozvoje CP u pacientd s/bez
diabetes mellitus.

CiL A METODIKA ANALYZY TRHU

Cilem pfehledového ¢lanku bylo shrmout infor-
mace o komerénich testech dostupnych na éeském
trhu (eventualneé v EU), které jsou doporuceny k wyu-
Ziti ve stomatologli/zubnim Iékarstvi. Pfi analyze trhu
jsme postupovali tak, Ze jsme oslovili firmy nabizejici
produkty nebo sluzby v oblasti dentalni diagnostiky
a vyzadali jsme si od nich nezavazné nabidky a po-
drobné informace ke komercnim kitdm pro testova-
ni sliny, ordlni mikrofléry a/mebo vrozené nachylnosti
k zanétlivym onemocnénim. Firmy jsme vybrali na
zakladi osobni zkusenosti, doporuceni kolegl prak-
tickych zubnich lékaft a parcdontologt, nebo s wu-
Zitim internetewych vyhledavac,
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0br. 1: Odbér sulkuldrni
tekutiny a zubniho plaku ze zubu
5 nejv8tsim zdnétem u ditéte

s docasnou dentici (fotografie

7 archivu Détského addélent
Stomatologické kliniky LF MU
afNusv. Anny v Brné)

KOMERCNITESTY PRO
STANOVENIVLASTNOSTI SLINY

Testovéni sliny |ze vyuZzit v fadé klinickych situa-
ci, at uz u pacientl s dentinovou hypersensitivitou,
s onemocnénim slinnych Zlaz (xerostomie, Sjogre-
nlv syndrom), pfi posouzent rizika vzniku a rozvoje
zubniho kazu i parodontitidy. Na druhou stranu je
viak tfeba poznamenat, Ze méfen( vlastnosti sliny
se nejevi jake vhodny nastroj pro hodnoceni rizika
vzniku atrice/abraze (16). Piehled testd pro analyzu
sliny a jejich specifikace jsou uvedeny v tab. I, kde
jsme krome testd zjistujicich pufrovaci kapacitu sliny
(CRT buffer Refill 6, lvoclar Vivadent) a piipadné i dal3i
parametry (Saliva-Check Buffer, GC Europe) zahrnuli
také testovaci prouzky pro uréeni pH sliny (Hydrion
(067) Urine & Saliva pH Paper, Micro Essential Labo-
ratory, Inc.). Testovani pH sliny je zaloZzeno na prin-
cipu kolorimetrické reakce, kdy pomoci barevného
indikatoru mizeme identifikovat pH sliny, a to v roz-
mezi 5,5 az 8,0. Cbdobné je stanovovéna i pufrovaci
kapacita sliny, kterd je urCena z tfistupriové skaly: niz-
kd, stiedni, vysoka.

Ve srovnadvacich studiich hodnaticich  korelaci
mezi kolorimetrickymi testy typu strip (CRT buffer
Refill 6, Ivoclar Vivadent a Saliva-Check Buffer, GC
Europe) a laboratornimi metodami pro analyzu puf-
rovacl kapacity slin bylo zjisténo, Ze test Saliva Check
Buffer (GC Europe) je presnéjsi nez test CRT Buffer
Refill 6 (Ivoclar Vivadent) (17, 18), pomoci testu Saliva
Check Buffer (GC Europe) Ize stanovit vicero parame-
trd (rychlost toku, viskozitu a konzistenci nestimu-
lovanych slin, pH pacientovy klidové i stimulované
sliny a jeji mnoZstvi); navic je i levngjsi.

Obecné Ize fici, ze testovani sliny k ureni miry ri-
zika vzniku zubniho kazu a parodontitidy je zalozeno
na jednoduchych principech a provedeni, které je
mozno zvlddnout v ¢ase do 10 minut. Ke viem uve-
denym testim je pfiloZen cesky ndvod, neni potieba
dalsiho pfistrojového vybaveni a provedenti testu je
proto mozné piimo v ordinaci zubniho lékare nebo
dentéInf hygienistky. Kritickym momentem je viastni
odbér sliny (stimulované i nestimulované), kdy paci-
ent nesmi 1 hodinu pred odbérem jist, 2wykat Zvy-
kacku, koufit, gistit si zuby a pouZivat Ustni vodu, pit

LKS 2/2019

by mél pouze &istou vodu. Odecet vysledku je nené-
roény a velmi ndzomny, pfedeviim pak po predlozeni
vysledku pacientovi mize byt tote testovani vhod-
nym nastrojem pro intervencni proces. Rozhodujici
pro vybér idedlnfho testu pro konkrétniho pacienta
tedy bude cena a/nebo komplexnost vysledku.

KOMERCNI TESTY PRO
STANOVENI ORALNICH
MIKROORGANIZMU

Determinace vybranych mikroorganizma osidluji-
cich dutinu Gstni je zaloZena na nékolika zakladnich
principech, a to na kultivaci bakterii na selektivnich
médiich, na imunochromatografické detekci antige-
nu nebo na identifikaci specifické sekvence genu pro
malou podjednotku ribozoméalnt RNA (165 rRNA) po-
moci metod vyuzivajicich polymerazovou fetézovou
reakci (PCR). PCR se jiz stala standardnim diagnos-
tickym a vyzkumnym ndstrojem v parcdontologii,
jelikoz jeji citlivost a specificnost umoZnuje rychlou
a u¢innou metodu detekce, identifikace a kvantifika-
ce mikroorganizm( i stanoveni genetického profilu
pacienta (19).

Pritomnost kariogennich bakterii Ize zjistit pormoct
testu CRT® bacteria Refill 6 (lvoclar Vivadent) zaloze-
ného na kultivaci nebo pomoci imunochromatogra-
fického testu Saliva-Check Mutans (GC Furope), viz
tab. Il. Oba testy jsou ekonomicky stejné narocné
(cca 450 K& na 1 test) a vstupnim vzorkem je slina
pacienta. Test Salive-Check Mutans (GC Europe)
uréeny pro analyzu S. mutans nevyzaduje dalii pfi-
strojové vybaveni a vysledek je znam do 15 minut,
zatimco test CRT® bacteria Refill 6 (Ivoclar Vivadent)
pro stanoveni S. mutans a Lactobacillus sp. vyzaduje
kultivaci vzorku pfi teploté 37 °C po dobu 2 dnd. Je
mozné vyuzit i produkt CRT Intro Pack (Ivoclar Viva-
dent), ktery obsahuje testy CRT Buffer Refill 6 a CRT*
bacteria Refill 6.

Pro stanoveni vicero kariogennich a/nebeo paro-
dontdlnich bakterii lze vyuzit nékolika komercnich
testQ. ProtoZe jsou zaloZeny na PCR, je nezbytné
pouZit termocykler a jejich provedeni tedy neni
mozné v hézné zubni ordinaci, viz tab. Il Vzhledem
k vysoké variabilité bakterialnich genomu je mozné,
ze nékteré subtypy nemusi byt mozné témito testy
stanovit.

V Ceské republice |ze kontaktovat firmy Protean,
GenTrend, HAIN LIFESCIENCE GmbH (distributar v CR
Eurotex, s.r..) nebo PiF MU, které analyzu vybranych
bakterii nabizeji formou sluzby. Pro stanoveni mikro-
organizmd z parodontalniho sulku je mozné oslovit
také firmy v Némecku — Carpegen GmbH (test Car-
pegen® Perio Diagnostik, diive Meridel® Diagnostik)
nebo ve Svycarsku — 1Al AG (ial PadoTest). Italskd fir-
ma Saccace Biotechnologies pak nabizi k zakoupeni
sadu (PeriodontScreen Real-TM, v CR distribuovano
firmou Dynex), s jejiz pomoci si ve vlastni laboratofi
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s odpovidajicim laboratornim vybavenim |ze vybra
né ordlni mikroorganizmy vysetiit (obdobné Ize 7a-
koupit i sady od HAIN LIFESCIENCE GmbH})

Ke stanovenf je tfeba, aby byl odebran vzorek sul-
kularni tekutiny a/nebo zubniho plaku a pfilozena
z4danka s identifikaci pacienta a lokalizace zubu, ze
kterého byl vzorek odebran. Odbér vzorku se provadi
pomoci papirového éepu (150 40 nebo 50} ze zubu
s nejvétsim zanétem, viz obr. 1. Nejenom pfi porov-
nani wysledk( pred a po terapii je nutné dodrzovat
standardizovany postup odbéru, ktery je uveden
v navodu, a pouzivat stejny typ testu. Z externi labo-
ratofe jsou vysledky vysetfeni ¢asto i s doporucenim
vhodné antibiotickeé lécby doruceny nejpozdéji do
14 dndl.

Kvalitativni analyza je mozna pfi pouzill viech
metodickych pfistupd, rozdil je vak v moznosti de-
terminace podtu druhl v jedné reakci a v pfesnosti
(citlivosti) kvantitativniho stanovent. 7 tohoto Ghlu
pohledu se jevi malekuldrné biologicky pfistup, kon-
krétné multiplexova PCR v realném case, jako nejvy-
hodnéjsi, jeliko? umo#fiuje stanoveni vicero bakte-
ridlnich druht v jedné reakci a soucasné poskytuje
iinforraci o jejich poctu ve vzorku, a to i v procentu-
alnim zastoupeni vici celkovému mikrobiomu (testy
od PIF MU}, Na zakladé komplexniho mikrobiologic-
keho wysetfeni lze poté lépe uréit miru rizika rescrpce

7avesného apardtu zubu a kosti nebo zubniha kazu.
Soucasné Ize tyto testy wyu?t i k analyze bakterial-
nich kornplikacl po implantclogicke lécbe

Pii nélezu urditych parodontalnich bakterif ve vy3-
gim poctu je nejvhodnéjsim postupem odeslat paci-
enta na specializované pracovisté, kde parodontolog
provede detailni klinické i mikrabiologické wyietfeni,
na jehoz zakladé poté zvoll odpovidajicl terapil. Na-
vic parodontolog mze pfi urcitych stavech (diagnd-
zy K052, K053, KOS5, KOS6) vykazat mikrobiclogicke
wysetfenl k Uhrade nékterym zdravotnim pojistov-
nam (napi. VZP), coz neni v kompetenci praktického
zubniho lékafe. Uvedené testy se stanovenim zaloze
nym na principu PCR se pouZivaji nejenom v klinické
praxi, ale zatim zejména pii vyzkumu eliopalogena-
ze onemocniéni dutiny dstnf (20, 21, 22).

Prinosemn testovani mikrobidiniho profilu pacienta
by bvlo, pokud by testy odhalily také pfipadnou re-
zistenci bakterii ke konkrétnim antibiotikdim. Ackaliv
nékteré firmy (Protean a GenTrend) priikaz rezistence
k beta-laktamowym antibictikim nabizeji, je nutné
poznamenat, Ze je toto zalozeno na analyze gen(
kodujicich betalaktamazy v DNA (chromozomalni,
plazmidova, transpozonovd). Pro presné urceni, zda
je gen pro betalaktamazu exprimovan a bakterie je
tedy rezistentni k beta-laktamovym antibiotikdm, by
méla byt provedena i analyza fenotypu (23).

| CRT buffer Refill 6
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Tabulka I: Prehled komerinich
testd pro stanoveni viastnost
stiny — dostupnych v (R

Hydrion (067) Urine & Saliva

Nazev testu - Saliva-Check Buffer
i g pH Paper
Firma - GC Europe  Ivoclar Vivadent Micro Essential Laboratory, Inc.
MozZnost provést vyhodnoceni i i
- _ ~ano - ano ano
piimo v ordinaci : !
Nutnost piistrojového vybaveni e L ne ne
Rychlost stanoveni - 10 minut - 5 minut neprodlend
Vstupni vzorek ~ slina slina

- slina

_ . - ® kolorimetrie
Princip stanoveni i

- ® kolorimetrie

® kolorimetrie

- ® yizuglné
Cena s DPH - 3020K¢ 1099 Ke 69 Kt (399 k)
Potet testii v jednom baleni 20 ] 15 ks (100 ks)
Navod v ¢eitiné ano ~ano ano
® rychlost toku
® vyiskozitu a konzistenci
nestimulovanich slin, i
Co zjistime ® pH nestimulované - @ pufrovaci kapacita sliny ® pHsliny
I stimulované sliny
& mnoZstyi stimulované sliny
* pufrovaci kapacita sliny
® komplexni analyza !
Vyhody ® nejpiesnéjs z testii . ® ndzorost ® cenazaltest (cca 5 KE)
® ndzornost ;
Nevyhody ® cenaza 1 test (cca 151 K¢) ® cenaza 1test (cca 183 K¢) ® stanoveni pouze pH
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Tabulka Il: Piehled komerinich testil pro stanavenf kariogennich a paradontdinich bakterii — dostupnych v (R

Nazev testu
Firma

MozZnost provést
vyhodnoceni primo

v ordinaci

Nutnost pfistrojového
vybaveni

Rychlost stanoveni

Vstupni vzorek (odbér sliny/

zubniho plaku/sulkularni
tekutiny)

Princip stanoveni

Cena s DPH

Potet testii v jednom baleni

Navod v ¢estiné

Pomérné zastoupeni
sledovanych bakterialnich
kmen k celkové mase
ordlnich mikroorganizmi

Detekce geni kédujicich
betalaktamazu (rezistence
k antibiotikiim)

Streptococcus mutans
Streptococcus sorbinus

Lactobacillus sp.

Actinomyces sp. strain B195C

Aggregatibacter
actinomycetemcomitans

Porphyromonas gingivalis
Tannerella forsythia

Treponema denticola

Fusobacterium nucleatum sp.

Prevotella intermedia

Parvimonas micra

Vyhody

Nevyhody

Saliva-Check Mutans

GC Europe

ne

15 minut

slina

imunochromatografie

4560 K&

ano

ne

ne

ano

ne

ne

ne

ne

ne
ne
ne
ne

ne

ne

® nazomost
¢ rychlost stanoveni

* semikvantitativni stanoveni
® stanovenl pouze S. mutans
® bez stanoveni citlivosti

k antibiotikim

CRT* bacteria Refill 6 *

Ivoclar Vivadent

ano

ano (inkubdtor)

2dny

slina

kultivace

2687 K¢

ano

ne

ne

ano
ne
ano

ne
ne

ne
ne
ne
ne
ne

ne

® nazornost

® pouze kvalitativni stanoveni
* bez stanoveni citlivosti
k antibiotikim

Stoma-Gene® **

Protean

ne

ano

do 2 tydnii

sulkuldrni tekutina

PCR

3025 K¢
+ zdarma odbérovy set

ano

ne

ano

ano
ne
ano

ano
ang

ano
ang
ano
ano

ano

 citlivost kvalitativniho
stanoveni

® semikvantitativni stanoven(
® (ena
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VariOr® Dento 7 *#

GenTrend

ne

ano

| do 5 pracovnich dnil

sulkuldrni tekutina

PCR

1500 K¢
+ zdarma odbérovy set

ano

ne

ano

ne
ne

ne

ne

ano

ano

ano

ano

ano

ano

® (itlivost
kvalitativniho
stanoveni

& semikvantitativni
stanoven(

#  0d firmy lvoclar Vivadent |ze zakoupit kombinovany test CRT Intro Pack (1879 K¢), ktery obsahuje 3 testy CRT buffer Refill 6 a 3 testy CRT® bacteria Refill 6.
##  Firma upfednostiuje stanoveni vétsiho mnojstvi vzorki.
### VariOr® Dento 11 sadou (1800 K¢) je moZné navic stanovit bakterie: Campylobacter rectus, Eikenella corrodens, Eubacterium nodatum, Capnocytophaga sp.

(C. ochracea, sputigena, gingivalis).
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VariOr® Caries

GenTrend

ne

ano

do 5 pracovnich dnil

zubni plak

PCR

480 K¢ + soucasné poslany
vzorek dospélého se
vzorkem ditéte do 7 let
zdarma + zdarma odbérovy
set

micro-1Dent® ##

Hain Lifescience GmbH

(distributor v CR Eurotex s.r.0.)

ne

ano*®

" do 2 tydnd

sulkuldrni tekutina

PCR

1767 K¢
+ zdarma odbérovy set

OralBac

PYF MU

ne

ano
do 5 pracovnich dnii

zubni plak + sulkuldrni tekutina

PCR

1500 K¢
+ zdarma odbérovy set

PerioBac

PiF MU

ne

ano

- do 5 pracovnich dnii

sulkularni tekutina

- P(R

1200 K¢
+ zdarma odbérovy set
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(CarioBac

PiF MU
ne

ano

do 5 pracovnich dnl

zubni plak

PCR

450 K¢
+ zdarma odbérovy set

1+1 1 1 i1

ano ano ano " ano ano
ne ne ano - ano ano
ne ne ne ne ne
ano ne _ ano . ne ano
ano ne ne ne ne
ne ne ano ne ano
ne ne ano ne ano
ne ano ano : ano ne
ne ano ano ano ne
ne ano ano ano ne
ne ano ano ano ne
ne ne  ano ano ne
ne ano ano ano ne
ne ne ano ano ne

- P ® citlivost kvalitativniho ® (tlivost kvalitativniho ® citlivost kvalitativniho

 citlivost kvalitativniho

stanoveni
stanoveni vzorku ditéte
k dospélému zdarma

semikvantitativn(
stanoveni

® citlivost kvalitativniho
stanoveni

® semikvantitativni stanoveni
® hez stanoveni citlivosti
k antibiotikim

stanoveni
® kvantitativni stanoveni
® pomér k celkové mase
ordlnich mikroorganizm@

® bez stanoven citlivosti
k antibiotiklim

stanoveni
® kvantitativni stanoveni
® pomeér k celkové mase
ordlnich mikroorganizmil

~ ® bez stanoveni citlivosti

k antibiotikiim

stanoveni
* kvantitativni stanoveni
® pomér k celkové mase
ordInich mikroorganizmi

® bez stanovenf citlivosti
k antibiotikdm

#### Sadou micro-IDent®plus (2481 K¢) je mozné navic stanovit bakterie: £ micra, . nucleatum/periodonticum, Campylobacter rectus, Eubacterium nodatum,
Eikenella corrodens, Capnocytophaga species
*Vzorky se standardné posilaji do externi laboratofe, ale je zde moznost zakoupit si sady micro-IDent™ (10 455 Ké/12 testii) a micro-1Dent®plus

(209271 K¢/12 testll) i samostatné a stanovit si oralni bakterie ve vlastni laboratofi s edpovidajicim laboratornim vybavenim.
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Tabulka I: Fiehled
Enich festl pro

kon
stanoven! genetické

predispezice k onem
parodontdinich thini —
dostupnych v CR

KOMERCNI TESTY PRO
STANOVENI VROZENE
NACHYLNOSTI K ONEMOCNENIM
DUTINY USTNi

Testovani vrozené nachylnosti k onemocnéni
Zavésného aparatu zubu je v soutasnosti na evrop-
skérn trhu nabizeno formou analyzy /-1 genu (pfi-
padné genu kédujiciho specificky sératyp hlavniho
histokompatibilniho systému HLA-DR4), v USA je
komeréneé dostupny i test na dalsi geneticky marker
(I-6 MyPeriolD", OralDNA® Labs, USA). Stanovované
markery majf dle literarnich tdajd vztah i k periim-
plantitidé (24) a k fadé dalsich systémowvych one-
mocnéni, jako je diabetes mellitus, revmaticka artriti-
da &i astma (25, 26, 27).

Na ¢eském trhu jsou k dispozici test Varior® Gen
od firmy GenTrend, kterym je moZné stanovit dé-
di¢ny pfedpoklad k parodontiticé na zéklads analy-
zy dvou polymarfizmd v genech pro Il-1alfa (11-14)
a ll-Tbeta (I-18) a variability v Hl A-DR4 genu, a test
pro analyzu 3 polymorfizmi v [i-T genu GenoType®
IL-1 (HAIN LIFESCIENCE GmbH) dostupny pies firmu

Nézev kitu - VariOr® Gen'! GenoType® IL-1

: Hain Lifescience
Firma _ GenTrend GmbH (distributor

v (R Eurotex, 5. 1. 0.)
MozZnost provést vyhodnoceni ne
pfimo v ordinaci
Nutnost pristrojového .
. ano ano’
vybaveni
Rychlost stanoveni - do 5 pracovnich dnil do 2 tydndi
Vstupni vzorek . stérz bukalni sliznice stér z bukalni sliznice
Princip stanoveni PCR PCR
Cena's DPH - 1500Ke o 1767 Ké o
+ zdarma odbérovy set + zdarma odbérovy set

Névod v ¢estiné ano ano

& Jl-7A genotyp & /{-1A genotyp
Co zjistime - {[-1B genotyp ® [[-1B genotyp

-~ * HLA-DR4 sérotyp ® [I-1RN genotyp

~  tychlejsi dodani
Vihody | © yenle

#  Analyzu VariOr® Gen lze provést ze vzorku pro YariOr® Dento 11, pacient tedy neni zatézovin

vysledki

dalsim odbérem. Pro kombinaci testi plati zvyhodnénd cena 2500 K.

* Vzorky se standardné posilaji do externi laboratofe, ale je zde moZnost zakou pit si sadu
GenoType® IL-1(12 testll) Tsamostatné a stanovit si ordIni bakterie ve vlastn( laboratofi
s odpovidajicim laboratornim vybavenim.
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Furotex, s. 1. o, viz tab. Il Oba testy jsou primarné
pipraveny Jako doplnék test VariCr® Dento 11 nebo
micro-1Dent®, oviem test pro zjisténi vrozene nachyl-
nosti k zanétlivym onemocnénim je ma?né provést
i samostatng,

Postup je velmi jednoduchy, lékaf si objedna od-
bérovou sadu, dle instrukci provede odbér vzorku
bunék z bukalni sliznice {Ize pouZit 1 papirovy cep
se sulkularni tekutinou, kterd byla odebrana pro sta-
noveni parodontélnich bakteril) a odedle s Zddan-
kou vzorek do laboratofe k analyze. Principidlné je
test opét zaloZzen na PCR a wysledky je mozné ziskat
do 5 az 14 dni od zaslani do laboratofe, Vzhledern
k tomu, ze vétiina parodontitid nepatfi k tzv. mo-
nogennim chorobam, nelze toto testovani zatim
jednozna¢né doporucit k hodnoceni zvyseného
rizika k rozvoji onemocnéni v klinické praxi.

Zatim neni nabizen zadny test pro stanoveni indi-
vidudliniho rizika vzniku a rozvoje zubniho kazu, jsou
viak snahy o identifikaci gencvych variant definuji-
cich fenotyp mnohocetného kazu v docasné i stalé
dentici (28).

DALSI KOMERCNITESTY

Jako nastroj pfi prevenci onemocnéni tvrdych
i mékkych zubnich tkani nebo pii detekci zubniho
kazu je mozné vyuzivat také komeréné dostupné
roztoky, vyplachy, gely nebo tablety k vizualizaci
zubniho plaku nebo pro oznaceni kariéznich defek-
0, kaz( v dentinu, pfipadné i vstup( do kofenovych
kanalkd. Tyto produkty wsak obsahuji barviva (napf.
erythrosin, briliantova maodf, patentni modf V, fluo-
rescenéni barviva), kterd mohou, dle nékterych lite-
rarnich udajd, pfedstavovat zdravotni riziko (29, 30},
2vI83té pokud by byly aplikavany u deéti. Specifikace
téchto produktd jsme do nadi piehledové prace ne-
zaclenili.

ZAVER

ptavka pacientdl po nadstandardni zdravotni péci,
at uz se jednd o piimé wykony, nebe i o laboratomi
testovani. Na ceském trhu (eventudlné v EU) jsou na-
bizeny testy, kterymi je mozné zjistovat predispozice
pacienta ke vzniku zubniho kazu a onemocnéni pa-
rodontu na zakladé analyzy jejich sliny, bakterif v du-
tiné Ustni a IL-1 genového polymorfizmu. Komeréne
dostupné testy mohou byt jednotlivé i kombinova-
né. Fi analyze sliny jsou testy navrzeny tak, aby bylo
mozné stanoveni obsahu vody a hydratace sliny i je-
jiho pritoku, a/nebo pufrovaci kapacity sliny a pH.
Ordlnl mikrofléra Je testovdna v zubnim plaku, ve
slinach i v sulkularni tekuting, Sleduje se jeji slezeni,
meff se pocet specifickych bakteril (pfipadné | jejich
aktivita), jejich procentudini zastoupent, i rezistence
k nekterym typtim antibiotik.
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Nézornd prezentace vysledkl analyz vlastnosti
sling a do jisté miry snad 1 orélni mikrofléry mize
byt vhodnym intervencnim nastrojem praktického
zubniho Iékafe k motivaci pacienta k pééi o jeho
oralni zdravi. Vzhledem ke komplexnimu charak-
teru wybranych ordlnich onemacnéni je vidy nutné
visledlky ziskang labaratarnimi testy posuzovat spo-
le¢né s detailnim klinickym nalezem.

Poznamka: Na ceském trhu bylo v minulych letech
mozné zakoupit testy od firmy Orion Diagnostika
(Dentobuff® strip, Dentocult™ SM Strip mutans, Den-
tocult® LB, Dentocult™ CAJ, dle vyjadfeni zastupce
firmy pro CR se zminéné testy jiz od roku 2017 ne-
wyrabéji. Obdobné jiz neni mozné zakoupit test Ca-
ric-Gene® od firmy Protean. Viechny ceny Lestd jsou
uvedeny s DPH k datu 14, 2. 2018 a bez poélovného.
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Abstract

The aim of this study was to analyze the association between
BMP2 (rs1884302) and DIX3 (rs2278163) gene polymor-
phisms and dental caries in primary and permanent denti-
tions. A total of 914 subjects were genotyped by the TagMan
methods: 176 caries-free children (with Decayed/Missing/
Filled Teeth, DMFT = 0), 542 patients with dental caries in
permanent dentition (DMFT = 1), 83 caries-free children with
primary teeth (with decayed/missing/filled teeth, dmft = 0),
and 113 children with early childhood caries (ECC, dmft =1).
There were no significant differences in allele/genotype
frequencies between patients with caries in permanent
dentition/ECC and caries-free children or between patients
with very low (DMFT = 0-2), low (DMFT = 3-5), moderate
(DMFT = 6-8), or high (DMFT >9) caries experience. Variabil-
ity in BMP2 and DLX3 was not associated with caries in the
Czech population. ©2017 5. Karger AG, Basel

Dental caries is a multifactorial disease involving a
complex interplay between heredity and environmental
factors. It is associated with poor oral hygiene, high oc-
currence of certain bacteria (e.g., Streptococcus mutans)
in the oral cavity, low salivary flow and saliva composi-
tion, insufficient fluoride exposure, tooth morphelogy,
and genetic predispositions, among others [Macek et al.,
2003; Selwitzetal , 2007]. According to Wangetal. [2010],
genetic contribution to dental caries is higher than 50%.
Furthermore, genetic variations may also impact enamel
development and consequently individual caries suscep-
tibility, and these effects may be distinct between primary
and permanent dentition [Bayram et al., 2015]. In the re-
cent genome-wide association study, a polymorphism in
one of the bone morphogenetic proteins (BMP), a tooth
development gene, was found to be significantly associ-
ated with dental caries susceptibility [Morrison et al,
2016].
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BMPs are a group of signaling molecules which belong
to the transforming growth factor-p superfamily of pro-
teins. The BMP2 signaling pathway is an essential regula-
tor for bone tissue formation and is required for the ini-
tiation of fracture healing [Wu et al., 2016]. BMP2-in-
duced differentiation of osteoblast cells via osteoactin
transcription is differentially regulated by distal-less ho-
meobox 3 (DLX3), DLXS5, and MSX2 during osteoblast
differentiation [Singh et al., 2012]. BMP2 has been re-
ported to stimulate the expression of dentin sialophos-
phoprotein (the main component of dentin matrix) [lo-
hara et al,, 2006]; production of this protein is strongly
reduced in the absence of DLX3 in odontoblasts [Duver-
ger et al,, 2012]. Moreover, Viale-Bouroncle et al. [2012]
in their study showed that DLX3 supported the osteo-
genic differentiation in the dental follicle cells via a BMP2
positive feedback loop, and the presence of DLX3 protein
is considered a critical factor in the development of teeth.

Ohta et al. [2015], who analyzed 7 single nucleotide
polymorphisms (SNPs) in the gene for DLX3 in a total of
201 Japanese children aged 5-6 years with primary teeth,
found a significant association between the DLX3 gene
polymorphism (rs2278163) and caries. In addition, Ro-
manos et al. [2015] reported that the BMP2 gene poly-
morphism (rs1884302) was associated with caries experi-
ence only in the primary dentition. However, the analysis
of the BMP2 and DLX3 polymorphisms with caries ac-
cording to dmft/DMFT (decayed/missing/filled teeth/
Decayed/Missing/Filled Teeth) indexes in primary and
also permanent dentitions should be performed, as Wang
etal. [2010] suggested that the genes affecting susceptibil-
ity to caries in the primary dentition may differ from
those in the permanent teeth. We focused on the analysis
of 2 previously associated SNPs in the BMP2 (in Brazil-
ians) and DLX3 (in Japanese population) genes and den-
tal caries susceptibility in Caucasians (Czech children).
The variants BMP2 (rs1884302) and DLX3 (rs2278163)
were examined in the groups of 13- to 15-year-old chil-
dren with permanent dentition and 2- to 6-year-old chil-
dren with early childhood caries (ECC) in the primary
teeth; their possible association with susceptibility to or
severity of caries was tested.

Methods

Subjects

The total of 718 unrelated Caucasian children (378 boys and
340 girls), aged 13-15 years, selected from the European Longitu-
dinal Study of Pregnancy and Childhood (ELSPAC) Brno study
comprising over 5,738 children and their families, were investi-

BMP2 and DLX3 Polymorphisms in
Caries

gated [Piler et al,, 2016]. The children underwent dental examina-
tion at the Clinic of Stomatology at St. Anne’s University Hospital
and the Faculty of Medicine, Masaryk University, as described pre-
viously [Volckova et al., 2014; Izakovicova Holla et al., 2015]. The
study group comprised caries-atfected subjects (with DMFT >1;
n = 542; 285 boys and 257 girls) and caries-free children (with
DMET = 0; 1 = 176; 93 boys and 83 girls). The definition of caries
experience level based on age and DMFT was used according to
Vieira et al. [2008].

A convenience sample of 113 preschool Czech children (64
boys and 49 girls) with ECC (dmft >1), aged 2-6 years, who were
referred to the Paediatric Section of the Department of Dentistry,
St. Anne’s Faculty Hospital, and the Faculty of Medicine, Masaryk
University, in Brno for complex treatment under general anesthe-
sia, was recruited; the studied group has been described previous-
ly [Borilova Linhartova et al., 2016]. In addition, 83 young children
of Czech origin with primary teeth (39 boys and 44 girls) without
dental caries (dmft = 0), aged 3—6 years, were selected as a control
group.

The inclusion criteria consisted of simple informed consent of
the children and their parents and expression of their willingness
to participate. The study was approved by the Committee for Eth-
ics of the Faculty of Medicine, Masaryk University, Brno {3/2004,
from March 30, 2004) and St. Anne’s Faculty Hospital (without
number, from April 13, 2004, and 1G/2017). The informed con-
sent was obtained from all legal guardians of the children, in line
with the Helsinki Declaration, prior to their inclusion in the study.

SNP Genotyping TaqgMan® Assay

Tsolation and storage of DNA samples were conducted in the
laboratory of the Department of Pathophysiology, Faculty of Med-
icine, Masaryk University, Brno, Czech Republic [Borilova Linhar-
tova et al., 2016].

Genotyping of SNPs in BMP2 (rs1884302) and DLX3
(rs2278163) was based on polymerase chain reaction using 5’ nu-
clease TagMan® assays (C_11673995_10 and C_2902913_20, re-
spectively). Reaction mixture and conditions were designed ac-
cording to the manufacturer’s instructions (Thermo Fisher Scien-
tific, Waltham, MA, USA), and fluorescence was measured using
the ABI PRISM 7000 Sequence Delection System. SDS version
1.2.3 software was used to analyze real-time and endpoint fluores-
cence data. Genotyping was performed by investigators J.K. and
P.B.L., who were unaware of the phenotype, and 10% of the sam-
ples were analyzed in duplicate.

Statistical Analysis

Standard descriptive statistical methods were applied in the
analysis. The allele frequencies were calculated from the observed
numbers of the genotypes. The differences in the allele frequencies
were counted using the Fisher exact test; the x” test was used for
comparison of the genotype frequencies. The same analysis was
also used to test for deviation of the genotype distribution from
Hardy-Weinberg equilibrium. Only values p < 0.05 were consid-
ered statistically significant. Logistic regression analysis was im-
plemented using risk factors (age, gender), with BMP2 or DLX3
SNPs as covariates in order to test gene-environment interactions.
Statistical analyses were computed using the software packages
Statistica v. 12 (StatSoft Inc., Tulsa, OK, USA). Power analysis was
performed with respect to a case-control design of the study and
was done using software PASS 13 [Hintze, 2014].

Caries Res 2017;51:590-595 591
DOT: 10.1159/000479828
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Table 1. The distribution of the BMP2 and DLX3 allele and genotype frequencies in children with permanent or primary dentition according to their caries experience

DLX3 (rs2278163)

Total BMP2 (rs1884302)

value

G

GA AA
value

GG

value

TC CC
value

TT

Children with permanent dentition

DMET

0.90

0
0-2
6-8

DMEFT =1
DMFT
DMFT = 3-5
DMFT
DMFT =9

Children with primary dentition

dmft=10

38 (22.9)
50 (22.1)

128 (77.1)
176 (77.9)

3(3.6)
7(6.2)

48 (57.8)  32(38.6)
70(61.9)  36(31.9)

61(36.7)

(63.3)
144 (63.7)

7}

10

11(13.2)

39 (47.0)
58(51.3)

33(39.8)
43 (38.1)

0.48

82(36.3) 050 0.50

0.78

12 (10.6)

113

dmft >1 (ECC)

Values represent numbers (%) of subjects. dm{t/DMFT, decayed/missing/filled teeth/Decayed/Missing/Filled Teeth; ECC, early childhood caries.

Caries Res 2017;51:590-595

DOI: 10.1159/000479828

Results

The observed BMP2 (rs1884302) and DLX3
(rs2278163) genotype distributions in the control group
and in children with caries experience were in Hardy-
Weinberg equilibrium (p > 0.05). With the standard sta-
tistical procedures applied (power 80%, alpha error 5%),
the recruited sample size was sufficient to detect signifi-
cant differences >10% in the relative rate of BMP2 and
DLX3 markers between the subgroups.

There were no significant differences in the allele or
genotype frequencies between the caries-free children
(DMFT = 0) and patients with DMFT =1 (p > 0.05), or
between the children with very low (DMFT = 0-2), low
(DMFT = 3-5), moderate (DMFT = 6-8), or high
(DMFT 29) caries experience (p > 0.05). Similarly, no
significant associations between these 2 gene variants
and caries in young children with ECC were found (p >
0.05) (see Table 1). Analysis according to caries experi-
ence levels [Vieira et al., 2008] could not be performed
in children with ECC as all of these subjects had dmft =8
(range 8-20, mean + SD 13.2 + 2.4).

The logistic regression showed a lack of BMP2/DLX3
gene-by-sex and gene-by-age interactions in relation to
the caries phenotype (p > 0.05); therefore, the sex- and
age-stratified univariate analyses were not performed
(data not shown).

Discussion

Cariogenic bacteria are part of dental plaque which
accumulates on the hard tissues in the oral cavity. The
alterations in tooth morphology can lead to the increased
establishment of this complex biofilm and thus to dental
caries. Some studies have focused on genetic variants in
genes expressed in enamel development [Deeley et al.,
2008; Patir et al., 2008; Kang et al., 2011; Olszowski et al.,
2012; Shimizu et al., 2012; Antunes et al., 2014; Ohta et
al., 2015; Romanos et al., 2015]. BMP2 signaling guides
the osteogenic differentiation in dental follicle cells by
induction of the transcription factor DLX3, thus the
genes encoding these proteins can be identified as “can-
didates” for dental caries. Recently, a family-based asso-
ciation study by Jeremias et al. [2016] suggested that
variations in genes implicated in amelogenesis, includ-
ing DLX3 and BMP2, were associated with the suscepti-
bility to develop molar-incisor hypomineralization.

BMPs play an important role during the initial pro-
cess of enamel formation and regulate cartilage develop-

Kastovsky et al.
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ment [Wang et al., 2014]. Romanos et al. [2015] found
an association between the BMP2 gene polymorphism
(rs1884302) and caries experience in the primary teeth
of a Brazilian population after multivariate regression
analysis, but to date no study dealing with the BMP2
gene polymorphism and dental caries in a Caucasian
population has been published. The presented results
are in disagreement with the findings of the Brazilian
authors as no significant differences between children
without/with dental caries in the primary or permanent
dentition were found in the Czech population. In line
with the minor allele frequency (MAF = 0.33, C allele)
of BMP2 SNP (rs1884302) for the Caucasian population
according to the National Center for Biotechnology In-
formation (NCBI) database (https://www.ncbi.nlm.nih.
gov/projects/SNP/snp_ref.cgi?rs=1884302), the repre-
sentation of this allele is independent of age and dental
caries score in 32% of subjects (Table 1). However, MAF
even 10% higher was found in a Brazilian population. In
addition, the authors did not find any associations be-
tween the genotype and allele distribution for the BMPs
polymorphisms and primary enamel microhardness al-
terations [Romanos et al., 2015].

Further, 2 genetic disorders caused by defects in the
DLX3 gene are known to exist. The first one is an auto-
somal dominant disease caused by the deletion of 4 base
pairs — tricho-dento-osseous syndrome [Duverger et al.,
2013] - which is manifested by defects in the structure
of hair, teeth, and problems associated with bone devel-
opment. Zhang et al. [2015] suggested that DLX3 pro-
moted the expression of the enamel matrix protein genes
in amelogenesis, while mutant DLX3 disrupted this reg-
ulatory function. The deletion of 2 base pairs in homeo-
box causes the hypomaturation hypoplastic form of am-
elogenesis imperfecta with taurodontism, which ends by
the emergence of anomalies in the shape of crowns and
roots of molars [Dong et al., 2005; Kim et al., 2016]. The
murine chromosome 11 appeared to be positive for sus-
ceptibility to dental caries [Ohta, 2005], and the DLX
gene is located on this chromosome. A few studies sug-
gested the association between amelogenesis imperfecta
and dental caries; mechanical tests showed that dental
enamel with less amelogenin was “weaker,” while the
dental enamel of animals over-expressing amelogenin
appeared to be more resistant to acid dissolution [Vieira
etal., 2015].

Ohta et al. [2015] found the association between the
T allele of DLX3 polymorphism (rs2278163) and the de-
velopment of caries, but only in patients with a higher
frequency of S. mutans and §. sobrinus (more than

BMP2 and DLX3 Polymorphisms in
Caries

10,000 CFU/mL); this allele was more common in pa-
tients with dmft 23 than in those with dmft £2 in the
primary dentition (p < 0.014). Nevertheless, there were
no differences in the allele and genotype frequencies in
DLX3 SNP (rs2278163) between caries-free children
and children with caries in permanent dentition/ECC,
and even no association was found with the severity of
caries in the permanent dentition in our study. In the
NCBIl database, MAF (A allele) of DLX3SNP (rs2278163)
is 0.24 for Caucasians (https://www.ncbinlm.nih.gov/
projects/SNP/snp_ref.cgi?rs=2278163). Similarly, 22%
of A allele carriers, independently of dental caries score,
were found in our cohort, while the MAF (C allele} in
198 Japanese children was only 31% [Ohta et al., 2015].
These interpopulation differences in representation of
the alleles of both SNPs must be taken into account
when comparing the results of studies by Romanos et al.
[2015] and Ohta et al. [2015] with our study.

There are some potential limitations to the present
study that need to be considered. Firstly, case-control
design carries the risk of providing false-positive results,
but our cohort consisted of 914 subjects, so the risk of a
false-negative conclusion was relatively low. Although
Romanos et al. [2015] investigated a larger population
(1,731 subjects), their cohort was mixed (Brazilian Cau-
casians and Afro-descendants), and significant results
were obtained only after a multivariate regression anal-
ysis. Ohta et al. [2015] examined 198 Japanese children
with primary dentition, but no study investigated a rela-
tion between DLX3 SNPs and dental caries in perma-
nent dentition. Thus, this is the first study that analyzed
the BMP2 and DLX3 polymorphisms in relation to
dmft/DMFT scores in a European Caucasian popula-
tion. Secondly, neither the enamel microhardness anal-
ysis nor the detection of cariogenic bacteria in the oral
cavity were performed in this study. Thirdly, we did not
obtain bite-wing radiographs for ethical reasons to
avoid radiation exposure of young children; thus, small
interproximal lesions may not have been detected. Fi-
nally, we focused just on 2 previously associated poly-
morphisms in the BMP2 and DLX3 genes and did not
investigate other candidate genes or polymorphisms. In
multifactorial complex diseases, such as dental caries,
each genetic polymorphism has usually only a small ef-
fect, and interactions among gene variants and other en-
vironmental factors can potentially affect the overall
phenotype,

In conclusion, variability in the BMP2 and DLX3
genes was not associated with dental caries in primary
and permanent dentition in Czech children. Future
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studies are necessary for understanding the role of the
candidate enamel formation genes in dental caries sus-
ceptibility.
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Abstract

Objectives The enamelin gene (ENAM) polymorphism (rs12640848) was recently associated with dental caries in primary tecth
in Polish children. The aims of the present study were to prove this association in primary dentition and to find a possible effect of
this variant on caries development in permanent dentition in Czech children.

Materials and methods This study comprised 905 Czech children. Totally, 187 children aged 2-6 years with primary dentition
[78 healthy subjects (with decayed/missing/filled teeth, dmft = 0) and 109 patients with carly childhood caries (ECC; dmft > 1)]
were included in this case-control study. In addition, 177 subjects aged 1315 years without caries (DMFT = 0) and 541 children
with dental caries (DMFT = 1) in permanent dentition were selected from the ELSPAC study. Genotype determination of the
ENAM polymorphism (rs12640848) was based on the TagMan method.

Results No significant differences in the allele or genotype frequencies between the caries-free children and those affected by
dental caries were observed in both primary and permanent dentitions.

Condlusions Lack of association between the ENAM polymorphism (rs12640848) and dental caries in Czech children was
detected.

Clinical relevance Although ENAM is considered as a candidate gene for dental caries, the presence of the ENAM variant
(rs12640848) cannot be used as a risk factor of this multifactorial disease in the Czech population.

Keywords Enamelin - Gene polymorphism - Dental caries - Case-control study - Primary dentition - Permanent dentition

Introduction multifactorial diseases. Early childhood caries (ECC) is then

defined as the presence of at least one decayed tooth (cavitated
Dental caries which affects the mineralized tissues of teeth or non-cavitated), missing tooth (due to caries), or filled dental
(enamel, dentin, and cementum) is one of the most common  surfaces (due to caries) in any primary tooth in children aged
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6 years or younger [1]. Results of longitudinal and cross-
sectional studies suggest that caries experience in the primary
dentition may have an adverse effect on caries polarization in
adolescence [2, 3].

Clinically, progression of carious lesions differs between
the primary and permanent dentitions; this results from the
morphological differences of both dentitions. Wang ct al. [4]
found that primary enamel demineralized considerably faster
than permanent, which is the critical factor in the caries devel-
opment [5]. Although amelogenin is the most abundant pro-
tein in developing enamel, the expression of other proteins
such as ameloblastin and enamelin was found by liquid-
chromatography coupled to tandem mass spectrometry [6].
However, the process of enamel formation may be influenced
by many factors (fever, malnutrition, xenobiotic and pollutant
exposure, etc.), including genetic component.

Thinner dental enamel has been associated with the specific
ENAM genotype [7]. Nevertheless, variability in the ENAM
gene in relation to dental caries in primary and/or permanent
dentition was studied with contradictory results [8-17].
Bayram at el. [18] reported that the ENAM variants may im-
pact enamel development and these effects may be distinct
between primary and permanent dentitions.

The ENAM polymorphism (rs12640848) has recently been
associated with ECC in Polish [19] and Turkish [20] children.
In addition, Shaffer et al. [21] found an association of this
single-nucleotide polymorphism (SNP) with dental caries in
permanent dentition using meta-analysis across white adult
samples. The aims of the present study were (i) to prove the
association between the ENAM SNP (rs12640848) and ECC
and (i) to find a possible effect of this variant on caries devel-
opment in permanent dentition in Czech children.

Material and methods
Subjects and clinical examinations

During the period of 2005 to 2011, 109 preschool Czech chil-
dren with ECC (64 boys and 45 girls), aged 2—6 years, were
recruited for complex treatment under general anesthesia. All
children were generally healthy but unable to undergo a stan-
dard dental treatment duc to their uncooperativencss and a
need for multiple restorations and extractions, Oral examina-
tion was performed and described previously [22]. In 2011,
dental status of 78 generally healthy children aged 2-6 years
was examined. The primary dentition of these young children
(average age + standard deviation: 3.8 + 1.1, 36 boys and 42
girls) was caries-free.

In addition, a total of 718 unrelated Caucasian children
with permanent dentition (379 boys and 339 girls), aged 13
15 years, selected from the ELSPAC Bmo study comprising
over 5000 children and their families [23, 24] were

@ Springer

investigated. These children underwent dental examination
at the Clinic of Stomatology at St. Anne’s University
Hospital in Brno as described previously [25]. The study
group comprised caries-affected subjects (with decayed/miss-
ing/filled teeth (DMFT) = 1; N = 541; 285 boys and 256 girls)
and caries-free children (with DMFT =0; N=177, 94 boys
and 83 girls).

The dmftyDMFT indexes were calculated using dentinal
caries (D5 level) as a cutoff poini for the detection of decay.

SNP genotyping TagMan® assay

DNA for genetic analysis was isolated from buccal epithelial
cells (children from the ELSPAC study and from young
caries-free children) or from blood samples (young children
with ECC). Extractions were performed according to the man-
ufacturer’s instructions for the Ultra-Clean®BloodSpin®
DNA Tsolation Kit (Mo Bio Laboratories, Inc., Carlsbad,
Calif., USA) with small adaptations.

Genotyping of the ENAM SNP (1s12640848) was based on
polymerase chain reaction using 5" nuclease TagMan®assay
(C 30635260 20). The reaction mixture and conditions
were designed according to the manufacturer’s instructions
(Thermo Fisher Scientific, Waltham, MA, USA) and fluores-
cence was measured using ABI PRISM 7000 Sequence
Detection System. SDS version 1.2.3 software was used to
analyze real-time and endpoint fluorescence data.
Genotyping was verified by using positive control subjects
in each 90-well plate and rerunning > 5% of the samples,
which were 100% concordant.

Statistical analysis

All statistical analyses were performed using the program
package Statistica v. 12.0 (StatSofi, Inc., Tulsa, OK, USA).
The chi-square and Fisher’s exact tests were used for compar-
ison of differences in genotype or allele frequencies among
the groups.

Results and discussion

Etiology of dental carics has been related to a combination of
environmental risk factors (oral hygiene, diet, fluoride expo-
sure, etc.) and genetic predisposition [26, 27]. One of the most
studied groups of candidate genes includes the enamel forma-
tion genes, such as FNAM [28]. Results of all previous studies
on the ENAM SNP (1s12040848) are summarized in Table 1.

In this study, which comprised 905 Czech children, no
differences in the allele or genotype frequencies of the
ENAM SNP (rs12640848) between caries-affected and
caries-free Czech children with primary or permanent denti-
tions were found, see Table 2. In addition, no significant
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Table 1 Review of genetic studies focused on the analysis of ENAM SNP (1s12640848)
Reference Population N of cases/controls  Dentition MAF Significance
(age of subjects)
[19] Polish (Caucasians) 48/48" Primary 0.45 (A) G allele and GG genotype
{20 48 months) protective for ECC
[20] Turkish 136/123" Primary 0.36 GG genotype protective for
(2-5 years) ECC
(multivariate analysis gene
environment)
21 13 race- and 480/409%(children) Primary 0.37 (A) NS
(included age-stratified 2601/97" (adults)  (3-12 years) (association via meta-analysis
data samples Permanent across white adults)
from [13]) (non-Hispanic (1579 years)
whites and blacks)
[16] Turkish 100/100 Mixed 0.22 NS
(612 years)
[14] Turkish 136/82 Both 0.47 (A) NS
(811 years)
Brazilian 71/89° Both 0.49 () NS (association with caries
(5-20 years) afier logistic regression
analysis)
[13] Americans 82/251% (children  Primary 033 (A, NS
(95% from Caucasian and parents, {4-T years, Caucasians) Caucasians)
familics, Caucasians) Permanent
2% African American, (in parents,
3% others) Caucasians}
[12] Turkish 92/80° Primary - NS
(3-6 years)
Filipino 298/179° Permanent 0.20 (G)
(12 years and older, families)
Argentinean 66/77 Both types -
(1-72 years)
Brazilian (Rio de 1711329° Both types -
Janeiro) (2-21 years)
Brazilian (Curitiba) 117:410% Permanent 0.34 (A) A allele is risk for dental caries

(10-14 years)

ECC early childhood caries, ENAM enamelin, dmfi{ DMFT decayed/missing/filled teeth in primary/permanent dentitions, MAF minor allele frequency, N

number of subjects, NS non-significant, SN single-nucleotide polymorphism

“Controls dmfyDMFT =0, cases dnftDMFT =1
*Controls 0 < dmft <3, cases dmft >4

“ Stratification on the low (0 < DMFT = 2/5/8) and high caries experience groups according to the age of subjects (up to 12 years/trom 13 to 19 years/

20 years and older, respectively)
< Controls 0 < DMFT <2, cases DMFT =3

differences between children with DMFT =0 and DMFT > 5
were detected.

Our results correspond with the findings reported by Wang
et al. [13] (included in the study by Shaffer et al. [21]),
Jeremias et al. [14], and Ergdzet et al. [16]. Similar conelu-
sions were confirmed by Shimizu ct al. [12] in the studied
populations with the exception of the Brazilian population
from Curitiba where the A allele was associated with dental
caries development in permanent dentition.

Similarly, the G allele and/or GG genotype were protective
for ECC in the Polish and Turkish children [19, 20]. Gerreth
et al. [19] reported 45% frequency of the G allele in children
with ECC versus 65% in caries-fice children in primary den-
tition. Although both the Poles and Czechs are European

Caucasians, there are differences in the minor allele frequency
(MAF) in ENAM SNP (1s12640848) between these popula-
tions. Disagreements between the allele distributions in the
Polish and Czech population in another gene have also been
deseribed previously [11, 22]. The A allele ENAM SNP
(rs12640848) was found in 45% of Polish children but only
in 33% of Czech subjects, which is in line with the MAF
(0.33) in European Caucasians referring to the NCBI database
(https://www.ncbi.nlm.nih. gov/projects/SNP/snp_viewTable.
cgi?pop=16652). Interestingly, the G allele is the minor allele
in other populations (Asians, Alricans, Americans), except
Brazilians (Curitiba) [12].

Interpopulation differences may be the reason for the con-
troversial results of the case-control association studies.
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Table 2

Distribution of the ENAM SNP (rs12640848) genotype and allele frequencies in children with ECC/dental caries (dmft/DMET =1 or DMFT

= 5) versus the caries-free children in primary/permanent dentition (dmft/DMET = 0)

Gene polymorphism Carics-free children  Children with ECC Caries-free children  Carics-affected children Carics-affected children
(dmft =0) (dmft = 1) (DMFT =0) (DMFT = 1) (DMFT =5)

ENAM (rs12640848)  N'=78 (%) N=109 (%) N=177 (%) N=541 (%) N=174 (%)

GG 28 (35.9) 46 (42.2) 84 (47.5) 237 (43.8) 75 (43.1)

AG 46 (59.0) 50(45.9) 74 (41.8) 259 (47.9) 84 (48.3)

AA 4(5.1) 13(11.9) 19 (10.7) 45(8.3) 15(8.6)

G allele 102 (65.4) 142 (65.1) 242 (68.4) 733 (67.7) 234 (67.2)

A allele 54 (34.6) 76 (34.9) 112 (31.6) 349 (32.3) 114 (32.8)

L£CC carly childhood caries, ENAM enamelin, dmft'DMFT decayed/missing/filled teeth, &' number of subjects

Nevertheless, there is evidence that specific genctic variations
ol enamel formation genes may have an impact on the devel-
opment of caries, for example by influencing calcium and
magnesium concentrations of teeth [29]. Haplotype analysis
by Chaussain et al. [15] supported the presumption that
ENAM was a gene candidate for dental caries susceptibility
in permanent dentition in French population. However. the
ENAM SNP (rs12640848) was not analyzed in their study.

Two main limitations of this study must be considered.
Firstly, only one polymorphism in the ZNAM gene was stud-
ied and thus the haplotype analysis could not be performed.
Secondly, we have no information regarding the presence of
Streptococcus mutans, a major bacterium related with dental
carics. Strength of our study is a relatively large sample size
and homogencity of the population sample. Considering the
fact that genelic susceptibilily to caries can differ between
primary and permanent teeth [22, 30], children with both den-
titions were included in this study.

In conclusion, no association between the ENAM gene poly-
morphism (rs12640848) and dental caries in primary and per-
manent teeth in Czech children was found. Although ENAM is
considered as a candidate gene for dental caries, we assume that
individual variations in genes have little effect and complex
approach in the research of multifactorial disease is necessary.
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Abstract

Objective: Dental caries is one of the most frequent multi-
factorial diseases. Among the numerous factors influencing
the risk of caries, genetics plays a substantial role, with heri-
tability ranging from 40 to 60%. Gene variants affecting taste
preference and glucose transport were recently associated
with caries risk. The aim of this study was to analyze two
common polymorphisms in the sweet taste receptor
(TAS1R2) and glucose transporter (GLUT2) genes in children
with dental caries and healthy controls in the Czech popula-
tion. Methods: A total of 637 unrelated Caucasian children,
aged 11-13 years, were included in this case-control study.
One hundred and fifty-five subjects were caries-free (with
decayed/missing/filled teeth, DMFT = 0) and 482 children
were caries-affected (DMFT = 1). The TAS1R2 (lle191Val,
rs35874116) and GLUT2 (Thr110lle, rs5400) genotypes were
determined using the 5" nuclease TagMan® assay for allelic
discrimination. Results: Compared with subjects with the
common Thr allele, carriers of the lle allele of GLUT2 had sig-
nificantly more frequently dental caries (p < 0.05, OR=1.639,
95% Cl: 1,089-2.466). Similarly, children with the Val allele for

the TASTR2 lle191Val polymorphism were more frequently
affected by caries than children who carried the lle allele (p <
0.05, OR = 1.413, 95% CI: 1.014-1.969). In contrast, no sig-
nificant associations between GLUTZ2 and/or TASTR2 poly-
marphisms and fillings were found, but allele frequencies of
the TASTR2Z variant were marginally significantly different
between children with DMFT = 0 and DMFT =1 (p = 0.053,
OR = 1.339, 95% Cl: 0.996-1.799). However, no significant
interaction between both genes and risk of dental caries was
found. Conclusions: In conclusion, GLUT2 and TASRT poly-
morphisms may influence the risk of caries in the Czech pop

ulation. £ 3015 5. Karger AG, Basel

Dental caries is one of the most prevalent chronic dis-
eases worldwide. It results from the interaction of spe-
cific microflora with fermentable carbohydrate on a sus-
ceptible tooth surface. The relationship between caries
and saliva, host response, fluoride and other factors has
been intensively investigated during the last years [Slay-
ton et al., 2005]. Among the numerous factors influenc-
ing risk for caries, genetics plays a substantial role, with
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heritability ranging from 40 to 60% [Wang et al., 2010].
Genes related to tooth morphology and enamel forma-
tion, saliva flow and composition, and also dietary and
taste preferences have recently been identified [Slayton et
al., 2005; Deeley et al., 2008; Patir et al., 2008; Kang et al.,
2011; Tannure et al., 2012a, b; Kulkarni et al., 2013].

The sweel taste receptor is a heterodimer of two pro-
tein subunits, TIR2 (taste receptor type 1, member 2) and
T1R3 (taste receptor type 1, member 3), that are encoded
by the TASIR2 and TASIR3 genes located on human
chromosome 1 [Liao and Schultz, 2003]. The diverse tis-
sue distribution of the sweet taste receptor places TASIR2
as a candidate gene affecting food intake beyond the de-
tection of sweet taste on the tongue and palate [Nelson et
al.,, 2001]. Although TASIR2 is highly polymorphic, there
are only two common polymorphisms with minor allele
trequencies above 10%. One of them, Ilel91Val
(rs35874116), is located in one of the putative ligand
binding sites of this protein [Kim et al., 2006] and was as-
sociated with a lower habitual sugar intake [Eny et al,
2010]. GLUT2, encoded by the GLUT2 (SLC2A2) gene, is
a member of the glucose transport protein family that is
expressed in many tissues, including brain. GLUT?2 ex-
pression has been localized to regions of the brain in-
volved in food intake regulation in humans [Roncero et
al., 2004]. A common single-nucleotide polymorphism
(SNP) results in a threonine-to-isoleucine amino acid
substitution at codon 110 (Thrl10Ile, rs5400). The
Thr110Ile variant did not show any decrease in transport
activity [Mueckler et al., 1994], but it has recently been
tound that carriers of the Ile allele have a significantly
higher intake of sugars than individuals with the Thr/Thr
genotype in a Canadian population [Eny et al., 2008]. To
date, only one study has analyzed allele and genotype fre-
quencies of both GLUTZ and TASIR2 polymorphisms in
patients with dental caries, and the authors found a high-
er DMFT (decayed/missing/filled teeth) score in carriers
of the Ile allele for GLUT2 (risk group) and a lower caries
score in carriers of the Val allele for TASIR2 (resistant
group). In addition, caries scores were significantly lower
in the double-resistant group as compared to the double-
risk group in a Canadian adult population [Kulkarni et
al., 2013].

Because diet with a high consumption of sugar is an
important contributing risk factor for caries and evidence
suggests genetically determined dietary preferences, we
hypothesized that polymorphisms in both GLUT2 and
TASIR2 genes might modify the relative risk for dental
caries development also in Czech children. Therefore, the
aims of the present study were to compare the distribu

418 Caries Res 2015:4%:417-424
DOL: 10.1159/000430958

tion of the GLUT2 and TAS1R2 alleles and genotypes be-
tween Czech children with and without caries and to ex-
amine whether these gene variants were associated with
caries experience as measured by the DMFT index.

Methods

Subjects

The total number of 637 unrelated Caucasian children (324
boys and 313 girls), aged 11-13 years, selected from the European
Longitudinal Study of Pregnancy and Childhood (ELSPAC) [1989]
Brno study comprising over 5,000 children and their families
[Kukla et al., 1992] were investigated. Children underwent dental
examination at the Clinic of Stomatology at St. Anne’s University
Hospital and the Faculty of Medicine, Masaryk University, as de-
scribed previously [Volckova et al., 2014]. The study group (n =
482; 242 boys and 240 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 us-
ing the following clinical parameters: the cavitation of lesions as
the detection threshold of caries according to the crileria given in
the WHO Oral Health Surveys, 4th edition [1997], gingival index,
plaque index and calculus index as described previously [Holla et
al., 2008]. Radiography was not performed as it was not part of
routine dental care for these adolescents and would therefore be
deemed unethical. The phenotype status was assigned without
knowledge of genotypes by two independent investigators (K.M.
and M.K.).

The study was approved by the Committee for Ethics of the
Faculty of Medicine, Masaryk University, Brno and informed con-
sent was obtained from all parents (in case of children), inline with
the Helsinki Declaration before inclusion in the study.

DNA Isolation

DNA for genetic analysis was isolated from buccal epithelial
cells obtained by buccal swabs. Extractions were performed ac-
cording to the manufacturer’s instructions for the UltraClean®
BlnodSpin'?” DNA Isolation Kit (Me Bio Laboratories, Inc.,
Carlsbad, Calif., USA) with slight adaptations.

SNP Genotyping TagMan® Assay

Polymorphisms in the TASIR2 (Ile191Val, rs35874116) and
GLUT2 genes (Thr1101le, rs5400) were genotyped using the 5" nu-
clease TagMan™ assay for allelic discrimination (Life Technolo-
gies, Grand Island, N.Y., USA). Details on SNP detection are sum-
marized in table 1. PCR conditions were 95°C for 10 min and 40
cycles of 95°C for 15 s and 60°C for 1 min as described previously
[Eny et al., 2008, 2010]. Allele genotyping from fluorescence mea-
surements was then obtained using the ABI PRISM 7000 Sequence
Detection System. SDS version 1.2.3 software was used to analyze
real-time and endpoint fluorescence data. Genotyping was per-
formed by three investigators (S.L., 1. K. and P.B.L.) unaware of the
phenotype. Genotyping was verified by using positive control sub-
jects in each 96-well plate and rerunning =5% of the samples,
which were 100% concordant.

Lzakovicova Holla et al,

234



Table 1. Details of SNPs in GLUTZ2 and TASIR2 detection

SNPs TagMan® SNP Context sequence [VIC/FAM] Genotypes
genotyping assay 1D

rs5400 AA (He/Tle)
GLUT2 C_3142148_10 AAGCCACCCACCAAAGAATGATGCA[A/G] AG (Tle/Thr)
Thrilolle forward assay TCATTCCACCAACTGCAAAGCTGGA GG (Thr/Thr)

rs35874116 CC (Val/Val)
TASIR2 C 5564620 AGCATCAGCTGCACCATGGCCTCGACT] CT (Val/Tle)
lle191Val forward assay GIGGETGETCGGECGETGGGETGETGGETA T (Leflle)

Statistical Analysis

Standard descriptive statistics were applied in the analysis: ab-
solute and relative frequencies for categorical variables and mean,
median and min-max range for quantitative variables. Statistical
significance of association between endpoints and genes was com-
puted by means of Fisher’s exact test; the association was described
by odds ratios supplemented by their 95% confidence intervals
computed using logistic regression. The power analysis was com-
puted for the association analysis between the genes and caries,
using the model of the most risk genotype AA. The analysis was
computed using SP5S 22 {IBM Corp., 2013).

Results

Of 637 individuals included in this study, 155 (24.3%)
were caries-free and 482 (75.6%) were carries-affected;
103 (21.4%) of them were classified as children with low
(DMFT = 1), 158 (32.8%) with moderate (2= DMFT <3),
and 221 (45.6%) with high (DMFT >4) caries experience.
Statistical power for the association between the observed
frequency of the genotype in patients with caries versus
subjects with DMFT = 0 was 0.769.

Table 2 shows a basic description of the sample. Boys
and girls aged 11-13 years (p > 0.05) were similarly dis-
tributed. The mean DMFT value was 2.92 in the whole
set; on average, the children had 0.64 caries, 2.28 fillings
and extraction was only performed in 3 of them; 27.8%
were carriers of the minor (Ile) allele for the Thr110lle
polymorphism of GLUT2 and 48% were carriers of the
Val allele for the 11e191Val polymorphism of TASIR2.

The relationships between GLUTZ2 and TASIRZ poly-
morphisms and caries in children with and without caries
(DMFT = 0) are shown in table 3a. The caries-free group
was in Hardy- Weinberg equilibrium with nonsignificant
¥’ values comparing the observed and expected genotype
frequencies of both investigated variants. Compared with
the subjects with the common Thr allele, the carriers of

the Ile allele of the GLUT2 gene had significantly more

GLUTZ and TAS1R2 Polymorphisms in
Caries

Table 2. Basic description of the sample

Characteristics"
Patient-based analysis (n = 637)
Gender

Boys 324 (30.9)

Girls 313 (49.1)
13400 GLUT2 Thri110Tle

AA 21(3.3)

AG 156 (24.5)

GG 460 (72.2)

A allele 177 (27.8)

G allele 6la (96.7)
rs35874116 TASIR2 [lel91Val

cC 53(8.3)

cT 253 (39.7)

TT 331 {52.0}

Callele 308 (48.0)

T allele 584 (91.7)
MNumber of carious leeth 0645 0 (0; 11.0)
Caries

No 422 (66.2)

Yes 215 (33.8)
Number of fillings 2.28; 2 (0; 12.0)
Fillings

No 213 (33.4)

Yes 424 (66.6)
Number of extractions 0.00; 0(0; 1.0)
Extractions

No 634 (99.5)

Yes 3(0.5)
DMFT score 2.92; 2(0; 19.0)
DMFET

0 155 (24.3)

=1 482 (75.7)

Allele-based analysis (n = 1,274)
1653400 GLUT2 Thr1101le

A allele 198 (15.5}

G allele 1,076 (84.5)
1835874116 TASIR2 Ile191Val

C allele 359 (28.2)

T allele 915 (71.8)

Figures in parentheses are percentages.
! Absolute and relative frequencies for categorical variables;
mean, median and min-max for count variables.
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Table 3. Relationship between caries, fillings, DM and genes

a Relalionship belween caries and genes

Endpoint! pt OR (95% CIY P
DMFT =0 caries: yes
Patient-based analysis (n=155) (n=215)
Gender
Bays 82 (52.9) 115(53.5) 0916 reference -
Girls 73(47.1) 100 (46.5) 0.977 (0.646-1.478) 0.911
55400 GLUT2 Thr1101le
AA 2(L.3) 12(5.6) 0.041 4.909 (1.077-22.373) 0.040
AG 36 (23.2) 60 {27.9) 1.364 (0.844-2.204) 0.205
GG 117 (75.5) 143 (66.5) reference
A allele
No 117 (75.5) 143 {66.5) 0.066 reference -
Yes 38 (24.5) 72(33.5) 1.550 (0.976-2.462) 0.063
G allele
No 2(L3) 12{5.6) 0.050 reference -
Yes 153 (98.7) 203 (94.4) (1221 (0.049-1.000) 0.050
rs35874116 TASIR2 Lel91val
cC 9(5.8) 21(9.8) 0.131 2.019 (0.880-4.632) 0.097
cr 56136.1) 90{41.9) 1.351 (0.898-2.153) 0.139
TT 90 (58.1) 104 (48.4) reference -
Callele
No 90 (58.1) 104 (48.4) 0.073 reference -
Yes 65 (41.9) 111 (51.6) 1.478 (0.975-2.241) 0.066
T allele
No 9(5.8) 21(9.8) 0.183 reference -
Yes 146 (94.2) 194 (90.2) 0.569 (0.253-1.280) 0.173
Allele-based analysis (n =310} (n=430)
rs5400 GLUT2 Thrl10le
A allele 40(12.9) 84 (19.5) 0.021 1.639 (1.089-2.466) 0.018
G allele 270 (87.1) 316 (R0.5) reference -
335874116 TASIR2 Tlel91Val
C allele 74023.9) 132 (30.7) 0.046 1413 (1.014-1.969) 0.041
T allele 236 (76.1) 298 (69.3) reference
b Relationship between lillings and genes
Endpoint! p OR (95% CI)* P
DMFT =0 filling; yes
Patient-based analysis (n=155) (n=424)
Gender
Boys 82(52.9) 209 (19.3) 0452 reference B
Girls 73{47.1) 215 (50.7) 1.172 (0.810-1.695) 0.401
55400 GLUT2 Thr110Tle
AA 2(L.3) 16 (3.8) 0271 3.099 (0.702-13.689) 0.136
AG 36 (23.2) 106 (25.0) 1.173 (0.757-1.818) 0.474
GG 117 (75.5) 302(71.2) reference -
A allele
No 117 (75.5) 302(71.2) 0.292 reference
Yes 38 (24.5) 122 (28.8) 1.277 (0.835-1.954) 0.259
42() Caries Res 2015;49:417-424 Tzakovicova Holla et al.
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Table 3. (continucd)

Endpoint! p* OR (95% CI)* p?
DMFT =0 filling; ves
G allele
No 2013 151(3.8) 0.177 reference -
Yes 153 (98.7) 408 (96.2) 0.336 (0.076-1.476) 0.149
rs35874116 TASIR2 llel91Val
CC 9(5.8) 37 (8.7) 0,342 1671 (0.771-3.605) 0191
CT 56 (36.1) 168 (39.6} 1219 (0.825-1.801) 0.319
e 90 {58.1) 219 (51.7} reference -
C allele
No 90 (58.1) 219(51.7) 0.220 reference
Yes 65(11.9) 205 (18.3) 1.282 (0.883-1.860) 0.191
T allele
No 9(5.8) 37 (8.7) 0,300 reference -
Yes 146 (94.2) 387 (91.3) 0.649 (0.306-1.379) 0.261
Allele-based analysis (n=310) (n=848)
5400 GLUT2 Thrl10lle
Aallele 40(12.9) 138 (163} 0.140 1.341 (0,915 1.965) 0.133
G allele 270{87.1) 710 (83.7) reference -
1535874116 TASIR2 Tle191Val
Callele 74(23.9) 242 (28.5) 0.136 1.263 (0.935-1.706) 0.129
T allele 236 (76.1) 606 (71.5) reference -
¢ Relationship between DMFET and genes
Endpoint! Pt OR (95% CI)* P’
DMEFT =0 DMET =1
FPatient-based analysis (n=155) (n=1482)
Gender
Boys 82(52.9) 242 (50.2) 0.580 reference
Girls 73(47.1) 240 (49.8) 1.114 (0.775-1.601) 0.559
r55400 GLUTZ Thrllolle
AA 2(1.3) 19 (3.9) 0.242 3.241 (0.744-14.123) 0117
AG 36(23.2) 120 (24.9} L.137 (0.742-1.744) 0.556
GG 117 {75.5) 343 (71.2) reference -
A allele
No 117 {75.5) 343 (71.2) 0.354 reference -
Yes 38 (24.5) 139 (28.8) 1.248 (0.423-1.891) 0,297
G allele
No 2(1.3) 19 (3.9) 0.126 reference -
Yes 153 (98.7) 463 (96.1) 0.319 (0.073-1.383) 0.127
1835874116 TASIR2 lle191Val
cC 9 (5.8 44 (9.1) 0.16% 1.826 (0.857-3.891) 0.119
CT 56 (36.1) 197 (40.9} 1.314 (0.896 1.927) 0.163
TT 90 (58.1) 241 (50.0} reference -
C allele
No 90 (58.1) 241 (50,0} 0.096 reference -
Yes 65 (41.9) 241 (50.0) 1.385 (0.961-1.996) 0.081
T allele
No 9 (5.8) 44 (9.1) 0.242 reference -
Yes 146 (94.2) 438 (90.9} 0.514 (0292 1,288} 0.197

GLUTZ2 and TASIR2 Polymorphisms in
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Table 3. {continued)

Endpoint! :5 OR (95% CI)? P
DMFT =0 DMFT =1
Allele-based analysis (n=310) {n=964)
155400 GLUT2 Thrl10Ile
A allele 40{12.9) 158 (16.4) (L1350 1,323 (0.911-1.922) 0.141
G allele 270 (87.1) 806 (R3.6) reference -
rs35874116 TASIR2 llel91Val
C allele 74{23.9) 285 (29.6) 059 1.339 (0.996-1.799) 0.053
T allele 236 (76.1} 679 (70.4) reference

Figures in parentheses are percentages.

! Contrast between DMFT — 0 (decaved/missing/filled teeth) and the given endpoint described by absolute and relative frequencies.

2 Fisher's exact test.

? Odds ratio (OR) and its stalistical significance computed using logistic regression for contrast between DMFT = ) and the given

cndpoint,

Table 4. Comparison of subject characteristics by genotype combinations

GLUT2 Thr{Thr GLUT2 lle carriers GLUT2 Thr/Thr GLUT2 Tle carriers
TASIR2 Val carriers TASIRZ Val carriers TASIR2 Tleflle TASIR2 Ile/Tle
resistant/resistant risk/resistant resistant/risk risk/risk
{n =202) (n=104) (n=258) (n=73)
Caries (.609+0.090 0.94240.154 0.45140.060 0.877+0.201
F{”ing 23220187 2. 14400248 2.306x0.150 2.233=0.277
DMFT 293620214 3.087+0.596 2.794+0.171 3.09620.369

Data are expressed as mean + SEM. DMFT = Decayed/missing/filled teeth.

frequently dental caries (p < 0.05, OR = 1.639, 95% CI:
1.089-2.466). In children carrying the Val allele of
TASIR2 Tle191Val polymorphism, caries also occurred
significantly more frequently than in those with the com-
mon [leallele (p < 0.05, OR=1.413,95% CI: 1.014-1.969).
However, we did not find any significant differences be-
tween the individual caries experience (low, moderate,
high} with regard to GLUT2 and/or TAI2R2 polymor-
phisms (data not presented).

In conlrast, no significant associations - bul only
trends to the same risk alleles/genotypes — between the
GLUT2 and/or TASIR2 polymorphisms and fillings (ta-
ble 3b) were found. However, allele frequencies of the
TASIR2 variant were marginally significantly different
between children with DMFT = 0 and DMFT =1 (p =
0.053, OR = 1.339, 95% CL 0.996-1.799, table 3c). The
relationship between both polymorphisms and extrac-
tion {as the third part of the DMUET index) was not calcu-
lated due to the small number of children with this condi-
tion {n = 3).

422 Caries Res 2015:49:417-424
DO 10.1159/000430958

Table 4 shows the means of caries, fillings and the
DMET score in the combined genotypes [Kulkarni et al.,
2013]. The mean value of caries was slightly higher in the
risk/risk group when compared with the resistant/resis-
tant group; however, the trend was nol statistically sig-
nificant. One of the risk/resistant group even had the
highest mean of caries and, in contrast, the resistant/risk
group had the lowest mean value of caries from all sub-
groups. Similarly, no significant differences were found
for fillings and DMFT indexes among these subgroups
(table 4).

Discussion

Dental caries is one of the major oral health problems
in most industrialized countries. It involves a complex
interplay between environmental and host-related fac-
tors. Recently, genome-wide and association studies have
been conducted lo identify candidate regions and genes

Tzakovicova Holla et al.
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related to caries [Werneck et al., 2010; Wang et al., 2012;
Shaffer et al., 2013; Zeng et al., 2014]. In this study, we
evaluated the GLUTZ2 and TASIRZ gene variants in a rel-
atively large group of children (n = 637) of Czech origin
with and without dental caries. Till now, only one study
by Kulkarni et al. [2013] investigated both genes in 80
Caucasian adults aged 21-32 years with dental caries and
the authors suggested that the GLUT2 and TASIR2 geno-
types individually and in combination were associated
with caries risk. Carriers of the Ile allele of GLUTZ2 had
significantly higher DMFT scores and carriers of the Val
allele of TASIR2 had significantly lower DMFT scores in
a Canadian population, and caries scores of the com-
bined risk/risk group exceeded the mean caries scores of
the single at risk genotypes alone. The disparity in caries
scores was greater when the risk/risk group was com-
pared to the resistant/resistant group [Kulkarni et al.,
2013]. We found that the Ile allele of rs5400 GLUT2
(SLC2A2) and the Val allele of the rs35874116 TASIR2
genes were associated with an increased risk of caries, but
not with different (low, moderate, high) caries experi-
ence, and marginally also with the DMFT index in Czech
children. As the DMFT index is composed of several
components, we tried to analyze it not only as a whole but
per the individual parts. Although a statistically signifi-
cant value was found only for caries, a trend to a higher
occurrence of the same alleles/genotypes was also record-
ed in the ‘filling component’. However, in contrast to the
previous study, no significant interaction between both
variants was found in our population,

Previous findings suggested that the GLUTZ gene was
involved in the regulation of postprandial glucose levels
through glucose-induced insulin secretion [Mueckler et
al.,, 1994]. Association of this GLUT2 polymorphism with
a significantly higher habitual intake of sugars was de-
scribed in overweight/obese subjects and adults with dia-
betes mellitus type 2 [Eny et al., 2008, 2010]. Therefore,
our results confirmed findings that reduced function of
the GLUT2 gene in lle allele carriers, which results in
higher daily sugar intake [Eny et al., 2008, 2010], may
contribute to the increased caries occurrence in Czech
children in our study. The TASIRZ variant is presumed
to contribute to sweet taste sensitivity. Eny et al. [2008]
reported lower daily sugar consumption in overweight
subjects with the Val allele TAS1R2 polymorphism, but
not in lean individuals. In the present study, in contrast
to the study by Kulkarni et al. [2013], we observed higher
caries scores in carriers of the Val allele. This unexpected
discrepancy could not be explained because we did not
have dietary records regarding sugar intake.

GLUTZ2 and TASIR2 Polymorphisms in
Caries

The strength of the present study includes a relative-
ly large sample size (n = 637), which comprised 155 car-
ies-free and 482 caries-affected children, whereas the
study by Kulkarni et al. [2013] was carried out in a
small group comprising 80 young adults. In addition,
we have data about the plaque index, gingival index,
and calculus index indicating good oral hygiene of this
cohort. In all children, the mean values of the plaque
index, gingival index, and calculus index were 0.65,
0.20, and 0.67, respectively [Kukletova et al., 2012].
However, several limitations should be discussed. First-
ly, we have no information regarding dietary records
about the frequency of sugar/starch exposure and other
existing caries risk factors, e.g. salivary test results
(flow rate, bacterial scores). Secondly, the case-control
design carries the risk of providing false-positive re-
sults, especially when cases and controls are from dif-
ferent population strata. However, all our subjects were
from the same ELSPAC cohort. Thirdly, as the study
participants were derived from comprehensive checkup
examinees, they may be healthier compared with the
general population.

In conclusion, our study implies a possible influence
of specific genetic variants in the GLUT2 and TASIR2
genes on caries risk also in Czech children. However,
these findings require further confirmation in people
with different ethnic backgrounds and assessment of ath-
er important caries risk factors. Understanding dental
caries at the molecular level has the potential to facilitate
new, more targeted approaches to the prevention and
treatment of this common disease.

Acknowledgments

The study was supported by grant GACR GB14-37368G, IGA
NT11405/6 and by project MUNI/A/1359/2014.

Author Contributions

M., P.B.L., LK and L.L.H. designed the study and drafted the
paper. K.M., M.B. and M.K. performed the clinical analysis and
collected the blood samples. S.L., LK. and P.B.L. carried out the
molecular analysis, L.D. and L.LH. performed statistical analysis.
All authors revised the final version of the manuscript.

Disclosure Statement

The authors declare no conflict of interest.

Caries Res 2015;4%:417-424 423
[DOI: 10.1159/000430958

239



References

Dreeley K, Letra A, Rose EK, Brandon CA, Resick
i, Marazita ML, Vieira AU Dossible asso-
cialion ol amelagenin lo high caries experi-
ence in a Guatemalan-Mavan population.
Carics Rus 2008:42:-8- 13,

By KM, Wolewer 1M, Corey P, El-Soheimy A:
Genetic varialion in TASIRZ (Tel9Val) is
associated with consumption of sugars in
averweighl and obese individuals in 2 distina
populations. Am | Clin Nute 2000:92:1501-
1510,

Loy K, Waolever 'I'M, Fontaine-Bisson B, Fl-%o-
hemy A: Genetic variant in the glncose trans-
prorLer lype 2 §s associated with higher intakes
of sugars in two distinet populations, Fhysiol
Crenommics 200033335360,

European Longitudinal Study of Pregnancy and
Childheod (FLEPAC), Pacdialr Perinat Bpi-
deminl 198%;3:460- 469,

TTolla LT, Musilova I, Vokurka T, Klapusova L,
Pantuckeva P, Kuldetova M, Kukla L, Znojil
Vi The assodiation ot interlenkin-& (IL-) hap-
lotypes with plaque-induced gingivitis in chil-
drin, Acta Odontol Scand 2008;60:105-112.

Kang SW, Yoon |, Lee HW, Cho |2 Assacialion
between AMELY polymorphisms and dental
carics in Kereans, Oral This 200 15172399406,

Kim UK, Wooding %, Biaz N, Jorde LB, Drayna Lx:
Varialion in [he huyman TASIR Lasle receplor
genes. Chem Senses 2006;31:399 611

Kukla T, Touchalova M: Twropean longilucli-
nal study of pregnancy and childhood
(ELSPAC) - Vyskumny projekt WTTO!
FLURGY - feskoslovensha ucast (in Ceech). Ce
Hygiena 1942:37:367 369,

Kuldetowa M, Trakovicova Tlolla T, Musilova T,
Broukal Z, Kukla L: Relationship between

gingivilis severily, caries espurience and orth-

odontic anomalies in 13- to 15-vear-old ado
lescents in Broo, Czech Republic, Comumu-
nily Dent Tealth 2012;29:179-183.

Kulkarni GV, Chng 2, Eny K, Nielsen [1, Weas-
rman C, Tl-Suhemy Ar Associalion al GLITT2
and TASHE? penotypes with risk for dental
Lar Caries Ros 200 547:2 19225,

Liao ), Schultz G- ‘Three sweet receptor genes are
clustered m homan chromesemma: 1, Mamm
Lrenome 2003;14:291-301.

Mueckler %1, Eruse M, Strube M, Riggs AC, Chin
Ko, Permult MA: A mulation in the Glui2
glucose transperter gene of a diabetic patient
abwlishes Lranspart activily. | Biol Chem 1994;
26 1TFR5-17767,

Melson €3, Toon WA, Chand rashekar [, Zhang ¥,
Ryba NJ, Zuker C5: Mammalian sweet taste
receptors, Cell 200106581350,

Patir A, Sevmen I, ¥ildirim &, Deelev K, Cooper
ME, Marazita ML, Vieira AR: Enamel forma-
tion genes an ciated with high caries ex
perience in Turkish children. Carics Res 2008;
42:394-400.

Roncero I, Alvarez E, Chowen A, Sanz O, Rabano
A, Vaeques P Blarques B Expression ol glu-
cose transporter isoform GLUL 2 and gluco
kimase gunes in human brain, [ Weurochem

20Hh BB 1203 1210,

Shaller TR, Fuingald T, Wang X, Tew M, Teuencn
K, Weeks Db Weyant K, Crout 1, MeXNeil
THW, Mararita MT: GWAS of dental carics
patterns in the permanent dentition. | Lent

—,

Slavbon RL, Counper ME, Marasila M1 Toilelin,
mutans streproceccd, and dental caries sus-
ceplibility. | Tenl Res 2003;84:711-7 4.

Tarmure I'N. Kichler EC. Falagan-Lotsch I,
Amurim LM, Ragyio Loie B, Costa MO, Vie-

434 Caries Res 201544417424

T I S%/ 000430958

ira AR, Granjeira |M:z MAE13 polymorphism
decreases risk for dental caries. Carles Res
200 Zad 401 =407

Tanmue PN, Kichler EC, Lips A, Costa Mde C,
Tuix RR, Granjeive [¥, Vieira AR Genulic

i AN contributes to higher

£ cuperienae. ] Tenl 201 2b 381386,

Volckova M. Borilova Linhartova P, ‘Lrefoa 'L
Viaeny T, Musilova 10, Kuklelova M, Kukla
L, lzakovicova Holla Lz Lack ol associalion
between  lactotransterrin polyvinorphism
and denlal caries. Caries Res 2004;45:39-
11,

Wang X, Shaller JR, Wevant R]. Cuence KT, De-
Sensi IS, Crout It MeNeil W, Marazita ML:
Crenes and their effects on dental caries may
differ between primary and permanent denti-
s, Carics Rus 20440277284,

Wang XK. Shatfer |1t Yeng £, Beaum F, Vieira AR,
Neel T, Anjomishoaa T, Cuenco KT, Loe MI
Beck ). Beerwinlde E, Cornelis MO, Hu FB,
Crosslin DR, Lauric CC, Melson SC, Deheny
KE, Pugh EV. Polk DE WeyanL R], Crout R,
McNeil DWW, Weeks DE, Feingold E, Marazita
MLz Grenarme-wide associalion scan ol dental
caries in the permanent dentition. BMC Oral
Tlealth 2012312

Werneck 11, 3 L lrevilatto PC: A critical
TUVICW AT Ve ol genatic imfluencs on
dental carles. Oral s 2010:16:613 623

WITCE Oral TTealth Surveys: Basic Muethods, o 4,
Creneva, YWHO), 1997,

Zeng 7, Feingoll F, Wang X, Woeeks DE, Loe M,
Cuencn 1T, Broffin B Wevan! BRI Croul R
MeNeil D, Levy S8, Marazita ML, Shaffer
JR: Genone-wide associalion study of prima-
v dentition pit-and-fissure and smooth sur
lacw carivs, Caries Fes 2004;45:330-338,

lzakovicova Holla el al.

240



Attachment 11 Article "Influence of diabetes mellitus on dental condition and periodontal

status”

Pdvodni prace

Original Article

CESKA

Vliv onemocnéni diabetes mellitus sTomkoroct
na stav chrupu a parodontu

20181,
5.3-12
(Plvodni prdce - klinickd a mikrobiologickd studie)

Influence of Diabetes Mellitus on Dental Condition
and Periodontal Status
(Original Article - Clinical and Microbial Study)

Poskerova H.', Bofilova Linhartova P."2, Cvanova M., Izakovi¢ova Holld L."2

'Stomatologicka klinika LF MU a FN u sv. Anny, Brno
2Jstav patologické fyziologie LF MU, Brno
3Institut biostatistiky a analyz LF MU, Brno

SOUHRN

Uvod a cil: Diabetes mellitus (DM) a parodontitida jsou chronicka zanétlivd onemocnéni s vysokou pre-
valenci, ktera maji nékteré spolecné znaky a mohou se vzajemné ovlivihovat. Cilem studie bylo posoudit
stav chrupu a parodontu u ¢eskych pacient s DM a prispét k poznani rizikovych faktort obou chorob.
Metody: Vysetfili jsme a vzajemné porovnali tfi skupiny osob: diabetiky 1. typu (TIDM), diabetiky 2.
typu (T2DM) a osoby bez diabetu (kontroly). U¢astniky studie jsme vy3etFili klinicky, rentgenclogicky
a dale jsme se zaméfili na analyzu mikrobidlniho sloZeni subgingivalniho plaku. Hodnoceni vysledki
jsme provedli s vyuzitim statistického softwaru IBM SPSS Statistics 23.

Vysledky: Do studie jsme zahrnuli celkem 141 0sob (32 s TIDM, 51s T2DM, 58 kentrol) ve véku 35-65 let
vysetienych b&hem let 2010-2015. Zjistili jsme, Ze stav chrupu a parodontu u diabetikd, a to pfedevsim
u T2DM, byl horsi nez u kontrol. Tento ndlez se tykal plak indexu a gingivalniho indexu, poc¢tu extra-
hovanych zub(, pfitomnosti zubnich nahrad a dalsich parametr( hodnoticich pritomnost a zadvaznost
parodontitidy. Rozdily v zastoupeni parodontalnich patogeni a jejich mnozstvi mezi skupinami byly
minimalni. Pacienti s T2DM a diabetickou nefropatii méli horsi stav parodontu; tote se nam nepodarilo
prokdzat u pacientl s nedostateéné kompenzovanym diabetem, resp. delsi dobou trvani choroby.
Zavér: U diabetikl Ize predpokladat ¢astéjsi vyskyt zénétlivych parodontopatii i daldich onemocnéni
dutiny Ustni. Z klinického vysetfeni a anamnestickych udaji mize zubni |ékaf vyslovit podezieni na
DM a véasnou lécbou parodontitidy pak pfispét ke zlepseni celkového zdravotniho stavu pacienta.
Klicova slova: diabetes mellitus - chronicka parodontitida - parodontologicky index - rentgenologické
vysetfeni - parodontdini patogeny

SUMMARY

Introduction, aim: Diabetes mellitus (DM) and periodontitis are chronic inflammatory diseases with
high prevalence. Both conditions possess some common traits and can mutually affect each other. The
aim of the study was to investigate the state of teeth and periodontium in Czech diabetic patients and
contribute to the identification of genetic risk factors of both diseases.

Methods: We examined and mutually compared three groups of subjects: type 1 diabetic patients
(TIDM), type 2 diabetic patients (T2DM) and subjects without diabetes mellitus (controls). The sub-
jects included in the study underwent clinical, radiological and further we focused on the analysis of
microbiological composition of subgingival plaque. Evaluation of results was performed by statistical
software IBM SPSS Statistics 23.

Results: The study comprised a total of 141 subjects (32 with TIDM, 51 with T2DM, 58 controls), aged
35-65 years, examined during 2010-2015. We found that the state of teeth and periodontium in diabetic
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CESKA
STOMATOLOGIE (mainly T2DM) patients was worse than in subjects without diabetes. This finding was confirmed for
rocnk 1. plague index and gingival index, number of extracted teeth, the presence of teeth replacement and
312 other parameters evaluating the presence and severity of periodontitis. The differences in the repre-

sentation of periodontal pathogens and their quantity among the groups were minimal. Patients with
T2DM and diabetic nephropathy had worse state of the periodontium; this finding was not proven in
patients with insufficiently controlled diabetes or the disease duration.

Conclusion: In diabetic patients, a more frequent occurrence of inflammatory periodontal diseases
and other diseases of the oral cavity is expected. Based on clinical examination and anamnestic data,
the dentist can presume DM, early treatment of periodontal disease contributes to improved general
health of the patient.

Keywords: diabetes mellitus - chronic periodontitis - periodontal index - radiological examination -

periodontal pathogens

uvob

Vliv onemocnéni diabetes mellitus na stav duti-
ny ustni, zejména na tkané parodontu, tvrdé zubni
tkané, slinné Zlazy a astni sliznice je zndm a sledo-
van jiZ nékolik desetileti. Rada studii potvrzuje tuto
souvislost zejména u osob s dlouhodobé pfitomnym
a nedostateéné kompenzovanym onemocnénim [1,
6, 14, 29], Za hlavni etiologicky faktor vzniku a roz-
voje parodontitidy u diabetikil je povaZovana dlou-
hodobé zvysena hladina glukdzy v krvi vedouci ke
vzniku pozdnich produkti glykace. Tyto pak, spolu
s dal$imi patogenetickymi mechanismy, zpasobuji
strukturdlni a funkéni zmény kapilar, poruchy meta-
bolismu kolagenu, zmé&ny funkce imunitnich bunék
a poruchy kostnihe metabolismu [37]. V posledni
dobé se vyzkum zaméiuje na objasnéni souvislosti
mezi diabetem a parodontitidou na molekularni
a bunééné drovni. Ukazuje se, Ze vztah mezi obéma
chorobami je oboustranny. Diabetes je rizikovym
faktorem pro rozvoj zinétlivych onemocnéni paro-
dontu, pokrocila parodontitida mtze vlivem zvySené
produkce prozanétlivych medidtorh pfispét napfi-
klad ke vzniku inzulinové rezistence [8]. Pfedpoklada
se, Ze 1é¢ba parodontitidy by mohla zlep§it kompen-
zaci DM [16]. Tato prace si klade za cil porovnat stav
chrupu a parodentu u Ceskych pacientil s diabetem
a bez diabetu a pfispét k poznani rizikovych faktorfl
obou chorob.

METODIKA

Sledovany soubor tvofilo celkem 141 osob (53
muzi, 88 Zen). VySetfili jsme a vzdjemné porovnali
tii skupiny: diabetiky 1. typu (T1DM), diabetiky
2. typu (T2DM) a osoby bez diabetu (kontroly) (tab. 1).
VySetfovani jsme provadéli v letech 2010-2015,
v§ichni pacienti byli seznameni s jeho priibdhem

Ces. Stomat., ro¢. 118, 2018, & 1, 5. 3-12

a svou ucast ve studii potvrdili pedpisem informo-
vaného souhlasu. Studie byla schvalena etickou
komisi Lékaiské fakulty Masarykovy univerzity
a Fakultni nemocnice u svaté Anny v Brné. Kritéria
pro zafazeni do studie byla nasledujici: vice nez 12
vlastnich zub@ (kromé tfetich molarii) a u diabetikil
délka trvani diabetu od jeho diagnostiky vice nez
dva roky. Vyloucili jsme ticast téhotnych a kojicich
Zen, pacientl po transplantacich orgénti, osob se
zdvaznymi systémovymi chorobami a jedinc dlou-
hodobé uzivajicich kortikosteroidy, imunosupresiva
a nesteroidni antiflogistika. Do studie také nebyli za-
Tazeni pacienti, ktefi podstoupili parodontologickou
l&é¢bu béhem uplynulych esti mésicii a ktefi uzivali
v poslednich tfech mésicich antibiotika.

Anamnéza, klinické a rentgenologické vysetfeni

Skaidym pacientem zatfazenym do studie jsme
vyplnili podrobnou anamnézu véetné indexu téles-
né hmotnosti (BMI). U diabetikil jsme zaznamenali
dobu trvani a typ diabetu, jeho 1écbu a pritomnost
komplikaci. Ve spolupraci s oSetfujicimi lékafi
jsme zjistovali hodnotu glykovaného hemoglobi-
nu (HbAlc), z niz lze odvodit stuperl kompenzace
diabetu [18]. U zdravych oscb jsme vyloucili pii-
tomnost nerozpoznaného diabetu vySetfenim
glykémie z kapilarni krve nalaéno za pouZiti glu-
kometru.

Ucastnici studie dale podstoupili komplexni
stomatologické vySetfeni véetné parodontolo-
gického (nehodnotili jsme stav tfetich molara).
Zaznamenavali jsme pocet piitomnych zubd, index
kazivosti chrupu (KPE) a pfitomnost zubnich na-
hrad. V ramci parodontologického vysetfeni jsme
stanovili hodnoty plak indexu (PI) a gingivilniho
indexu (GI) [28], dile jsme u kaZdého zubu zjigtovali
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hloubku parodontilnich chobot (HPCH) na ¢tyfech
ploskach. Ve stejnych lokalitich jsme zmérili veli-
kost gingivalnich recesti (GR) a zapsali jsme i mista
svyraznou hyperplazii gingivy. Z téchto idajli jsme
nasledné vypoditali klinickou ztrdtu tponu (CAL),
Podkladem pro posouzeni resorpce alveolarni kosti
bylo rentgenologické vySetfeni. Do souboru byli za-
fazeni pouze pacienti s chronickou parodontitidou,
kterou jsme vyhodnotili podle zdvaZznosti a rozdélili
do tif skupin s ohledem na CAL. Nasledujici podmin-
ky platily vZdy pro alespori ¢tyti rizné lokality [41]:

NP: bez parodontitidy

Pl; CAL1-2 mm parodontitida mirna

P2: CAL 3-4 mm parodontitida stfedné
pokrotild

P3: CAL5avice mm parodontitida pokrocild

Vysetfeni parodontilnich patogenii

Uvsech pacientli jsme dile nechali stanovit sedm
vybranych parodontalnich patogent (Aggregatibacter

Tab. 1 Charakteristika souboru a klinické parametry (n = 141)

actinomycetemcomitans, Tannerella forsythia, Porphyromonas
gingivalis, Prevotella intermedia, Treponema denticola,
Parvimonas micra, Fusobacterium nucleatum) testem
StomaGene® (Protean, Ceské Budéjovice). Pomoci
tohoto semikvantitativniho testu lze také uréit miru
rizika resorpce zavésného aparatu.

Statistické hodnoceni

Ke statistickému hodnoceni byl pouZzit Kruskalfiv-
Wallisfiv a2 Manniv-Whitneyho test pro srovnani
rozdéleni pravdépodobnosti spojitych proménnych
ve skupinach. Fisherovym exaktnim testem by-
ly hodnoceny zavislosti dvou kategorialnich pro-
ménnych. Za hladinu statistické vyznamnosti byla
zvolena P-hodnota < 0,05, Vysledky porovnani jed-
notlivych kategorii (T2DM vs, kontroly, TIDM vs,
kontroly, T2DM+T1DM vs. kontroly) byly korigoviny
na mnohonisobné testovani pomoci Bonferroniho
korekce, I pies urcité vékové rozdily ve vySetfovanych
skupinéch je mozné porovnavat T2DM a T1DM se

Parametr Kontroly (n =58} TIDM (n = 32) T2DM (n =51)
median (min; max)
Muizi (n = 53) 13 (22,4 %) 12(37.5%) 28 (54,9 %)
Zeny (n = 88) 45 (77.6 %) 20(625%) 23 (451 %)
V&K [primér £ SD v lstech] 52,083 494 £78 55972
Kuféci (n = 29) 10 (17,2 %) 8 (25,0 %) (21,6 %)
Nekufaci (n =112) A8(82.8%) 24 (75,0 %) 40 (78.4 %)
259 248 313
BMI [kg/m?]
(19.5;37.D) (218;31,6) (20.9;52.9)
0.5 0.5 05
KPE
(01:1.0) (01,09 (0.1, 0.9)
1,085 1.0 3,0%
Extrahované zuby
(0,0;10,0) (0,0;10,0) (0,0;16,00
Zubni ndhrady (n = 82) 27 (46,6 %) 18 (56,3 %) 37 (725%)"
Pl 0.655% 10° 1280
012D 032D 0123
& 0,958 10 17
(0,0;1.7) (0.4,1,8) (0,3:2.4)
30558 33 37
HPCH [mm]
(.7,6.0) (26,58) 2173
36555 41 S
CAL [mm]
19:7.0) (2.7,6.9) (2.1:9.6)
Kostni resorpce dle rtg snimku
vice nez 2/3 délky kofene 10 (17.2 %)5% 13(40.6 %) 21 (4.2 %)

¥ P<0,05 v porovndni ke kontroldm, * P<0,01 v porovnéni ka kontrolam, *** F<0,001 v porovndni ke kaontroldm {po Bonferroniho korakei}

# P=0,05 v porovnani k TIDM , i P<0,01 v porovnani k TIDM (po Bonferroniho korekei)

5 P=<0,05 kontroly wvs TIDM=T20M, 5 P<0,01 kontroly vs. TIDM+T2DM, 55 P<0,001 kentroly vs TIDM+T20M (po Bonferroniho korekei)

BMI = body mass index, CAL = klinicka ztrdta Uponu, Gl = gingivalni index, HPCH = houbka parodontalnine chobotu, KPC = kaz/plombasextrahovany zub
index, n = zotet, Pl = olak index, 5D = smérodatna odchylka, TIDM = giabetici 1. tyou, T2DM = diabeticl 2typu
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skupinou osob bez diabetu kazdou zvlast, i pokud
diabetiky sloucime v jeden celek.

VYSLEDKY

Porovnani iirovné tistni hygieny, zanétu gingivy
a stavu chrupu u osob s diabetem a kontrol

Z prumérnych hodnot nebo medianu PI a CI lze
odvodit, Ze diabetici v naSem souboru méli ve srovna-
ni s osobami bez diabetu hor$i Gistni hygienu a castéji
ptitomnou gingivitidu. Statisticky nevyznamné roz-
dily byly zjistény pouze pii porovnani intenzity za-
nétu dasni mezi skupinami TIDM a kontrol (tab. 1).
U indexu KPE jsme mezi sledovanymi skupinami
vyznamny rozdil v hodnotich nezjistili. Diabetici 2.
typu véak méli vy3si pocet extrahovanych zubi nez
osoby bez diabetu. Také zubni ndhrady byly castéji
pritomny u osob s T2DM, a to zejména u zZen (78,3 %
diabeticek 2, typu vs. 44,4 % Zen bez diabetu). U mu-
Z0 tato souvislost nebyla statisticky vyznamna.
U diabetiki 1. typu jsme hodnoty KPE ani pfitom-
nost ndhrad neprokazali signifikantné odlisné od
kontrol (tab. 1).

Porovnani prevalence a zivaZnosti parodontitidy
u osob s diabetem a kontrol

U diabetikii jsme ve srovnani s kontrolami nasli
hlubsi parodontalni choboty, vétsi ztratu iponu,
vyznamnéjsi resorpci alveolarni kosti a také as-

§ § ¥
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WNP mPl mP2 mP3

Cetnost [%]

Graf 1 Porovnani prevalence a zavaznosti parodontitidy u osob

s diabetem a u kontrolni skupiny

NP = bez parodontitidy, P1/2/3 = mirna/stfedné pokrocild/pokrocild
parodontitida, TIDM = diabetici 1. typu, T2DM = diabetici 2. typu

** P<0,01 v porovnani ke kontrolam (po Bonferroniho korekei)

§8 P<0,01 kontroly vs. TIDM+T2DM (po Bonferroniho korekci)

téjsi vyskyt pokrocilé parodontitidy. Tyto odchylky
jsme zaznamenali zejména pfi porovnavani skupin
T2DM a kontrol (tab. 1, graf1). Pfi srovndni skupin
T1DM a kontrol byl vyznamny rozdil pouze u para-
metrii HPCH a CAL (tab. 1).

Vliv koufeni na stav chrupu a parodontu u osob
s diabetem a kontrol

V nasi studii bylo celkem 20,6 % kutakia.
Pfredpoklad, Ze by tito kufdci méli vy$si index pla-
ku a nizsi gingivalni index ve srovnani s nekufaky
byl patrny pouze u nékterych podskupin, vysled-
ky vSak nebyly statisticky vyznamné. Po analyze
porovnavajici index KPE a stav parodontu mezi
kufaky a nekufaky jsme zjistili vyznamny rozdil
jen u diabetikil 2. typu u parametru ztrata iponu.
CAL byl u kufdkd (nad 5 i nad 10 cigaret za den)
s T2DM vétsi nez u celozivotnich nekufakii s T2DM
(tab. 2).

Vliv nadvihy a obezity na stav chrupu a parodon-
tu u osob s diabetem a kontrol

V nasem souboru se potvrdil v§eobecny pred-
poklad, Ze nejvic obéznich bude mezi diabetiky 2.
typu (60,8 %), obézni diabetik 1. typu byl pouze
jeden a osob bez diabetu s obezitou bylo 22,4 %.
Po statistickém zhodnoceni vysledkil se ukaza-
lo, Ze obézni a osoby s nadvahou z kontrolni sku-
piny (a to zejména Zeny) mély vyznamné vyssi hod-
notu plak indexu a obézni pak vys$si hodnotu gingi-
valniho indexu ve srovnani s osobami s normélni
vahou (tab, 3a). U diabetik{ jsme odlisné hodnoty
plak indexu prokazali pouze u Zen s T2DM. U obéz-
nich diabeticek 2. typu jsme dale zjistili hlubsi son-
daz parodontalnich chobotii (tab. 3b). Nepotvrdili
jsme vSak predpoklad, Ze obézni osoby trpi Castéji
pokroCilou parodontitidou.

Souvislost mezi kompenzaci diabetu a stavem
parodontu u diabetikii

Ve sledovaném souboru diabetikil se nam ne-
podafilo prokazat u pacientli s nedostateénou
kompenzaci horsi stav parodontu (P3) nez u téch
dobfe kompenzovanych. Tento vysledek je prav-
dépodobné ovlivnén nerovnomérnym rozdélenim
osob v jednotlivych skupinach. Napriklad 93,8 %
diabetikli 1. typu patfilo mezi neuspokojivé kom-
penzované (u osob s T2DM to bylo 74,5 %). Mezi
diabetiky se zdravym parodontem (NP) byl pouze
jeden s TIDM a jeden s T2DM (oba s neuspokojivou
kompenzaci).
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Tab. 2 Vliv koufeni na stav chrupu a parodontu u osob s T2DM (n = 51)

Parametr CeloZivotni nekufaci (n= 33) Kuféaci nad 5 cig/den (n=10) KuFaci nad 10 cig/den (n = 8)
medidn (min; max)
KPE 05 0,6 06
0109 02,09 0,209
Pl 1.2 11 08
0123 0,420 ©4;2)
Gl 11 1 1
0324 (0.5;1,5) (0,511
HPCH [mm] 34 41 4]
(21.7,3) 24,57 24,57
CAL [mm] 42 54" 54*
20, 7,4) (2,8,87) (28,87)
P3 20 (60,6 %) 9 (90,0 %) 7 (87,5%)

* P<0,05 v porovndni k nekufakim (po Bonferroniho korekci)

CAL = Klinicka ztrdta Uponu, cig = cigareta, GI = gingivalni index, HPCH = hloubka parodontainino chobotu, KPE = kaz/plomba/extrahovany zub index,
n = pocet, P3 = pokrocild parodontitida, Pl = plak index, SD = smérodatna odchylka, T2DM = diabetes mellitus 2. typu

100.0 ) znamné horsi stav parodontu
(P3) nez ti s kratkou dobou je-
800 - ho vlivu. Tento vysledek mize
byt opét ovlivnén nerovnomer-
£ 600 § e nym rozdélenim osob v jed-
E notlivych kategoriich. Napii-
& a0p klad pouze jeden diabetik 1. typu
mél diabetes piitomny méné nez
200 ‘ I I deset let (byl zafazen do skupiny
P1).
o lI - I unll & | )

AAC PG F ™ PM Pl FN ;f:; Souvislost mezi pfitomnosti dia-
=Kontroly 00 379 138 17 224 52 54 res?‘;“;m betickych korqpﬁka.ciua stavem
STIDM 00 438 219 00 33 63 Bl 875 parodontu u diabetikii
= T2DM 0,0 49,0 30,6 0,0 53,1 102 79,6 98,0

Koncentrace bakterii >10°

Graf 2 Porovnani subgingivalni mikroflory a rizika resorpce alveolarni kosti u osob s dia-

betem a u kontrolni skupiny

AAC = Aggregatibacter actinomycetemcomitans,

FN = Fusobacterium nucleatum, PG = Porphyromonas gingivalis, Pl = Prevotella intermedia,
PM = Parvimonas micra, TIDM = diabetici 1. typu, T2DM = diabetici 2. typu,

TD = Treponema denticola, TN = Tannarella forsythia

* P<0,05 v porovnani ke kontroldm, ** P<0,01 v porovnani ke kontroldm (po Bonferroniho

korekci)
§ P<0,05 kontroly vs. TIDM+T2DM (po Bonferroniho korekei)

Souvislost mezi délkou trvani diabetu a stavemn
parodontu u diabetikii

Pacienti s TIDM méli diabetes primérné 26,4
roku (median 24,0 rok), u T2DM byla prameérna
doba jeho trvani 9,5 roku (median byl 7,0 let).
Nepodafilo se ndm prokazat, ze by pacienti s dlou-
hodobé piitomnym diabetemn méli statisticky vy-

Ze sledovanych diabetickych
komplikaci (nefropatie, retinopa-
tie a neuropatie) se nam podafilo
prokazat statisticky vyznamny
vztah pouze mezi parodontiti-
dou a nefropatiemi u diabetiki
2. typu. Zjistili jsme, Ze postiZe-
ni ledvin méli jen ti s pokrocilou
parodontitidou, zatimco osoby ve
skupinach NP, P1, P2 touto kom-
plikaci netrpély.

Porovnani subgingivalni mikroflory a rizika re-
sorpce alveoldrni kosti u osob s diabetem a kontrol

Pfi porovnani vyskytu vybranych bakterii (paro-
dontalnich patogenil) jsme pozorovali rozdil v jejich
zastoupeni pouze ve skupiné T2DM oproti kontro-
ldm. Statisticky vyznamné zmeény jsme vSak zjistili
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Tab. 3a Vliv nadvahy a obezity na stav parodontu u Zzen z kontrolni skupiny (n=45)

Parametr BMI < 25 BMI = 25 BMI =30
median (min; max)
PI 0,4 09 0,9*
oL2n 0217 0117
Gl 0.6 11* 1.0
(A (0,0:1.8) (0,0;16)
Tab. 3b Vliv nadvahy a obezity na stav parodontu u Zen s T2DM (n= 23)
Parametr BMI<25 BMI =25 BMI =30
median (min; max)
Pl 0.7 13* 1.3*
01,07 (07,23) (0323)
HPCH [mm] 32 41 37
(3.0, 3.6) [EARN)] [CARN)]

BMI = body mass index, Gl = gingivaln index, HPCH = hloubka parodontdiniho chebotu, n = pocet, Pl = plak index, T2DM = diabetes mellitus 2 . typu
*P<0,05 v porovnani k BM = 30 vs. < 25 a BEMI| =25 vs. < 25 {po Bonferronino korakei)

jen pro P. micra a F. nucleatum. V kategorii rizika re-
sorpce alveoldrni kosti jsme zaznamenali vyznamny
rozdil pro kostni resorpci ve skupiné T2DM oproti
kontrolam (graf 2).

DISKUSE

Ve svétové literatufe se vztahem diabetu a pa-
rodontitidy zabyva vice nez dva tisice odbornych
¢lankn (pivodnich védeckych praci i souhrnnych
piispévkil) [3]. V Ceské republice se studiu stavu
chrupu a paroedontu u diabetikii dlouhodobé vénuje
pouze prof, MUDr, Jana Duskova, DrSc, [10-13],
genetickymi aspekty parodontitidy u diabetikd se
pak zabyva prof. MUDr. Lydie Izakovicova Holla,
Ph.D. [4, 5]. Cilem této prace bylo ptispét k irsimu
poznani problematiky v CR a porovnat vysledky zis-
kané studiem vlastniho souboru pacientil se situaci
v ostatnich zemich. NaSe vysledky hodnoceni stavu
chrupu, parodontu a vyskytu mikroorganismf v sub-
gingivalnim plaku lze v mnoha ohledech povazovat
za blizké literdrnim ddajfim.

Urovefi iistni hygieny, gingivalniho zanétu a sta-
vu chrupu u osob s diabetem a kontrol

Ve shodé s nasimi zavéry uvadéji autofi vjzkum-
nych praci, Ze diabetici 2. typu méli ve srovnani
s osobami bez diabetu horsi dstni hygienu (PI) [6,
20] a Castéji se u nich vyskytovala gingivitida (GI)
[24], V nasi studii méli diabetici 2, typu vice extra-
hovanych zubfl neZ osoby bez diabetu, coZ Campus
a kol. potvrdili pouze u T2DM star§ich neZ padesat
let [6].

Prevalence a zivaZnost parodontitidy u osob
s diabetem a kontrol

U diabetik{i jsme ve srovnani s osobami bez dia-
betu prokazali pfitomnost hlubsich parodontdlnich
chobotil, vétsi ztratu Gponu, rozsahlejsi resorpci
alveolarni kosti a také Castéjsi vyskyt pokrocilé pa-
rodontitidy. Statisticky vyznamna byla tato zjisténi
zejména pro diabetiky 2. typu. Podobné vysledky
uvadéji i literarni zdroje véetné rozsahlych meta-
analyz [9, 25].

Chavary a kol, provedli metaanalyzu 57 studii
(préfezovych ilongitudinalnich) zkoumajicich vztah
mezi diabetem (T2DM i TIDM) a onemocnénim pa-
rodontu [9]. Z vysledki odvodili, Ze diabetes 2. typu
je rizikovym faktorem pro vznik a rozvoj parodon-
titidy. U osob s diabetem 1. typu tento vztah nebyl
vyznamny, coZ bylo zpisobeno zejména nizkym
vékem pacientli s TIDM zahmutych ve vizkumnych
pracich. Khader a kol. ve své metaanalyze 23 studii
zjistili, Ze pokro€ild parodontitida se vyskytovala
Castéjiu diabetik{i obou typfl ve srovnini s osobami
bez diabetu [25]. I ve své dals{ praci prokazali, Ze
diabetici 2, typu trpi vaznéjsim onemocnénim pa-
rodontu [24], Podobné zavéry ucinili i Hintao a kol.,
Lim a kol. a Campus a kol. [6, 20, 27]. Garcia a kol.
Pfi rozboru dat zjistili, Ze zavaznost parodontitidy
pozitivné korelovala s hladinou HbAlc [19]. Rajhans
a kol. vySetfili 1500 diabetiki, pficemz glykemicky
status signifikantné koreloval se zavaznosti paro-
dontitidy [34],

Problémem vzdjemného porovnani jednotlivych
studii jsou v8ak rozdilné piistupy v metodice. Jak
uvadi Holtfreter se spolupracovniky v recentnim
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sdéleni, v soucasné dobé neexistuje univerzilné
akceptovand definice chronické parodontitidy [21].
Je sice téméf vidy zaloZena na parametrech HPCH
a CAL, ale jednotliva doporuceni pro klasifikaci se
mezi studiemi lisi.

Vliv koufeni a obezity na stav chrupu a parodon-
tu u osob s diabetem a kontrol

Predpoklad, Ze by kufaci méli hor$i stav chrupu
a parodontu jsme zaznamenali pouze u nékterych pod-
skupin. Mozna i proto, Ze kufakl bylo pétkrat méné
neznekufakil. Podrobnou souhrnnou prici s nazvem
,Smoking and diabetes - The double health hazard!“
zvefejnili Fagard a Nilsson [17]. Analyzujivni mnoZstvi
odbormnych studii na toto téma a uvadéji, Ze silni kufaci
méli zvysené riziko vzniku diabetu (téméf dvakrat ve
srovnani s nekufaky) a také diabetickych mikrovasku-
larnich a makrovaskuldrnich komplikaci. Syrjild a kol.
zjistili, Ze u kufakil s diabetem byly hlubsi parodontal-
ni choboty a vétsi ztrata iponu ve stovndni s nekuraky
diabetiky i s nekufaky bez diabetu [38]. K podobnym
zavérim u diabetikil dospéli i Jansson a kol. [23]. Moore
akol. pii studiu souboru 320 diabetikd 1. typu zjistili,
Ze kufaci méli pokrocilou parodontitidu téméf deset-
krat Castéji neZ nekufaci [31].

Prvni prace, které zacaly zkoumat vztahy mezi
stavem parodontu a obezitou se objevily na pielomu
20, a 21. stoleti a mnoho z nich potvrzuje predpo-
kladanou souvislost mezi obéma chorobami (7, 22,
30, 32]. Nage vysledky ukazaly, Ze zejména obézni
Zeny mély vyS$§i hodnotu PI a GI. U diabeticek 2.
typu jsme dale zjistili hlubsi sondaz parodontal-
nich chobotil, Chaffee se spolupracovniky provedli
rozsahlou metaanalyzu 57 nezdvislych populacnich
studii na téma obezita a parodontitida [7]. Zjistili,
Ze pacienti s parodontitidou méli o jednu tfetinu
vyssi prevalenci obezity nez osoby se zdravym pa-
rodontem. U obéznich pak byla zjisténa vétsi ztrata
uponu. Vztah mezi obezitou a parodontitidou byl
vyznamnéjsi u Zen, nekufaki a mladsich osob nez
u bézné dospélé populace, Nishida a kol. ve své
studii zabyvajici se podrobné vlivem koufeni a obe-
zity na vyskyt parodontitidy uvadéji, Ze koufeni je
nejsilngj$im vnéjsim rizikovym faktorem pro pfi-
tomnost parodontitidy, obezita je pak vyznamnym
piidatnym faktorem [33],

Vztah mezi kompenzaci diabetu, délkou jeho
trvani a vyskytem a zavaZnosti parodontitidy
u diabetiki

V nasem souboru diabetik( jsme pfi hodnoceni
téchto souvislosti nezjistili statisticky vyznamny

rozdil. Z literarnich zdrojli v8ak vyplyvd, Ze vyse
zminény vztah fada praci potvrdila. Tsai se spo-
lupracovniky v rozsdhlé epidemiologické studii
(4343 osob ve véku vyssim neZ 45 let) zjistili, Ze
nedostatené kompenzovani diabetici 2. typu méli
2,9krat vy§si prevalenci pokrocilé parodontitidy nez
osoby bez diabetu [40]. Apoorva a kol. v souboru 600
osob ve véku od 35 do 75 let popsali vyskyt pokro¢ilé
parodontitidy u nedostateéné kompenzovanych
2,42krat, u uspokojivé kompenzovanych 2,10krat
a u vyborné kompenzovanych 1,97krat castéjsi nez
u 0sob bez diabetu [2]. Khader a kol. uvadéji, Ze
zdvaznost parodontitidy byla signifikantné vyssi
u pacientii s T2DM trvajicim déle neZ pét let [24].
Podobné i Rajhans a kol. zjistili, Ze délka diabetu
korelovala s prevalenci a zivaznosti parodontitidy
[34]. Moore a kol. udavaji tuto souvislost i pro pa-
cienty s TIDM [31].

Diabetické komplikace a stav parodontu u dia-
betikiu

V nasem souboru se statisticky vyznamny vztah
mezi pritomnosti komplikaci diabetu a parodonti-
tidou podafilo prokdzat pouze u diabetikl 2. typu
s nefropatiemi. Shultis a kol. popsali vztah mezi
stavem parodontu a diabetickymi komplikacemi
u diabetikl 2. typu populace Pima indiand (529
subjektfl) [36]. Makroalbuminurie a rendlni selha-
vani se u osob se stfedné pokrocilou a pokrocilou
parodontitidou, iu téch jiz zcela bezzubych, vysky-
tovaly Castdji (2,3krat; 3,5krdt; respektive 4,9krat)
nez u diabetikil se zdravym nebo jen mirné posti-
zenym parodontem, Saremi a kol, studovali také
populaci Pima indiani (628 ucastnikil) v prospek-
tivni dlouhodobé studii [35]. U diabetikil s tézkou
parodontitidou popsali imrtnost na diabetickou
nefropatii 8,5krat vyssi a na ischemickou chorobu
srdecn{ 2,3krat vyssi nez u diabetikl s mirné po-
krotilou parodontitidou nebo bez ni. Stav chrupu
u pacienti s diabetickymi komplikacemi hodnotila
i Duskova v CR [10], V souboru osob zafazenych
do transplantacniho programu pro diabetickou
nefropatii a zejména ve skupiné osob vySetfenych
v podiatrické poradné pro syndrom diabetické nohy
zjistila, Ze pocet osob bez vlastniho chrupu mnoho-
nasobné pievysoval pocet bezzubych stejné starych,
ale zdravych jedinct,

Subgingivilni mikreflora u diabetikii a kontrol
Dfive se pfepokladalo, Ze u pacientfi s diabetem

ma podstatny vliv na stav parodontu specidlni
bakterialni mikrofléra, to ale nasledné vyzkumy
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nepotvrdily. Autofi, ktefi se zabyvali sloZenim
subgingivalniho biofilmu zjistili, Ze mikrofléra
je v této lokalité u diabetik{ obou typl a ve zdra-
vé populaci velmi podobnd [15, 20, 26, 39, 42].
Taylor a kol. popsali podrobné jedenéct studii (z let
1989-2008), ve kterych autofi analyzovali sloZen{
subgingivalni fléry riznymi metodami (kultivace,
PCRanalyza, vySetfeni protilatek) [39]. V zavéru se
shodli na tom, Ze neni statisticky vyznamny rozdil
ve sloZeni mikrofléry mezi diabetiky a zdravymi
osobami (pfipadné mezi diabetiky s vysokou a niz-
kou hladinou HbAlc), pouze nékteré bakterie se
u pacienti s diabetem mohou vyskytovat ve vys§im
poctu. V nagem souboru jsme piistudiu zastoupeni
vybranych bakterif v souladu s literaturou zjisti-
li, Ze vSechny sledované bakterie se vyskytovaly
ve vSech sledovanych skupinach (u T2DM, TIDM
iu kontrol), takZe Zidny z patogent nebylo moZno
povazovat za specificky pro diabetiky. Pozorovali
jsme pouze o néco vyssi kvantitativni zastoupeni
mikroorganismi ve skupiné T2DM oproti kont-
rolam,

Limity nasi studie

Za hlavn{ limitaci této price povaZujeme re-
lativné nizky pocet osob, které jsme zafadili do
zavéretného hodnoceni. Z primarné vySetfeného
souboru 225 dospélych osob (ve véku 23-83 let) jsme
vybrali mensgi soubor (n = 141) ve vékovém rozmez{
35-65 let tak, aby byly skupiny TIDM, T2DM a kon-
trol, pokud jde o vék, vzijemné porovnatelné. Po
celou dobu trvani vyzkumného projektu jsme se
potykali s nedostatkem zajemcti, Cast kandidatl
pak nespliiovala relativné piisné podminky pro
zafazeni (napf. dostate?ny pocet vlastnich zubfl,
nutnost odbéru krve, dana kritéria pro zdravotni
stava medikaci). Ackoli vybér osob nebyl z nasi stra-
ny ovlivnén, je velmi pravdépodobné, Ze odesilajici
1ékati doporucovali parodontologické vysetfeni ze-
jména tém pacientiim, ktefi si na potiZe s chrupem
a dasnémi stéZovali,

Prednost studie spatfujeme v tom, Ze veskera kli-
nicka vysetfeni provadéla pouze jedna osoba, hod-
noceny byly vSechny piitomné zuby a fada méfen{
byla provadéna na nékolika ploskach jednotlivych
zubll, Zaznamenavali jsme pomérné velky pocet
vybranych anamnestickych, klinickych a mikro-
bidlnich parametril, a tak jsme ziskali o jednotli-
vych pacientech dostatecné mnoZstvi dat. Bylo tedy
moZné provést i multivariacni analyzu interakci
mezi jednotlivymi faktory, kterd by mohla pfispét
klepsimu pochopeni etiopatogeneze parodontitidy
a/nebo diabetu.

ZAVER
V klinické éasti studie jsme zjistili, Ze:

1.stav chrupu u diabetikil 2. typu byl horsi nez
u osob kontrolni skupiny. Tykalo se to poltu extra-
hovanych zubfi a pfitomnosti zubnich ndhrad, nikoli
viak indexu KPE;

2.diabetici 2. typu méli ve srovnani s kontrolami
vétsi mnozstvi zubniho povlaku a Castéji pfitomnou
gingivitidu,

3.diabetici ve srovnani s kontrolami vykazovali
pritomnost hlubsich parodontalnich chobotf, vétsi
ztratu iponu, vyznamnéjsi rentgenologicky ovéfenou
resorpci alveoldrni kosti a Castdjsi vyskyt pokrocilé
parodontitidy. Mezi skupinami TIDM a kontrol byl
zjistén statisticky vyznamny rozdil pouze v hloubce
parodontilnich choboti a ztraté iponu;

4.u diabetikil 2. typu s diabetickou nefropatii
byla Castéji pritomna pokrocila parodontitida nez
u pacientil bez této komplikace, Postizeni ledvin bylo
diagnostikovano pouze u T2DM s P3;

5.nedostateéné kompenzovani diabetici a ti
s dlouhodobé piitomnym diabetem neméli v nasem
souboru oproti pfedpokladu horsi stav parodontu nez
ostatni osoby s DM;

6.pii porovnani stavu chrupu a parodontu mezi
kutdky a nekufaky byl statisticky vyznamny rozdil
jenu diabetikil 2. typu, a to u parametru ztrata ipo-
nu;

7.0soby bez diabetu s obezitou a nadvahou (a to
zejména Zeny) mély vyznamné vys$i hodnotu PI
a obézni pak i vy88i hodnotu CI nez jedinci s nor-
malni vihou. U diabetikli jsme rozdilné hodnoty PI
prokazali pouze u Zen s T2ZDM. U obéznich diabeti¢ek
2. typu jsme dale zjistili hlub$i sondaZ parodontdl-
nich chobotil. Nepodafilo se nam v8ak prokazat, Ze
obézni osoby trpi Castéji pokrocilou parodontitidou
P3.
V mikrobiologické ¢asti studie jsme zjistili, Ze;

8.1ozdil v zastoupeni bakteridlnich druhd a v cel-
kovém mnozstvi subgingivalni mikrofléry u diabeti-
ku oproti kontroldm byl minimalni, U diabetikil 2,
typu jsme v§ak pfi porovnani s osobami bez diabetu
zjistili vjznamné vy3si Cetnost bakterii P. micra a F.
nucleatum;

9,u diabetiki 2, typu jsme zjistili vys$si riziko re-
sorpce alveolarni kosti (test StomaGene®) neZ u kon-
trol.

LITERATURA

1. Alamo, S. M., Soriano, Y. J., Sarrién Pérez, M. G.: Dental consi-
derations for the patient with diabetes. J. Clin. Exp. Dent., ro¢.
3,201, ¢.1,5. 25-30.

248



Vliv onemocnéni diabetes mellitus na stav chrupu a parodontu

Apoorva, S. M., Sridhar, N., Suchetha, A.: Prevalence and se-
verity of periodontal disease in type 2 diabetes mellitus (non-
-insulin-dependent diabetes mellitus) patients in Bangalore
city: an epidemiological study. J. Indian Soc. Pericdontol,, ro¢.
17,2013, €. 1, 5. 25-29.

Borgnakke, W. S., Ylostalo, P. V., Taylor, G. W., Genco, R. J.:
Effect of periodontal disease on diabetes: systematic review of
epidemiologic observational evidence. J Clin Periodontol, roc.
40, 2013, suppl. 14, 5. 135-152.

Borilova Linhartova, P., Kastovsky, J., Lucanova, S., Bartova,
J., Poskerova, H., Vokurka, J., Fassmann, A., Kankova, K.,
Izakovicova Holla, L.: Interleukin-17A gene variability in pati-
ents with type 1diabetes mellitus and chronic periodontitis: its
correlation with IL-17 levels and the occurrence of periodonto-
pathic bacteria. Mediators Inflamm., 2016, 2979846.

Bofilova Linhartova, P., Valovd, S., Kastovsky, J., Poskerovd,
H., Vokurka, J., Fassmann, A., Izakovi¢ova Holla, L.: Genova
variabilita v imunoregulaénich faktorech u pacient( s chronic-
kou parodontitidou a diabetes mellitus. Ces. Stomat., Prakt.
zub. Lék,, ro¢. 115-63, 2015, €. 4, 5. 89-87.

Campus, G., Salem, A., Uzzau, S.: Diabetes and pericdontal
disease: a case-control study. J. Periodontol., ro¢. 76, 2005, ¢.
3,5.418-425.

Chaffee, B. W., Weston, S. J.: Association between chronic pe-
riodontal disease and obesity: a systematic review and meta-
-analysis. J. Periodontal., roc. 81, 2010, €. 12, 5. 1708-1724.
Chapple, I. L. C., Genco, R.: Diabetes and periodontal diseases:
consensus report of the Joint EFP/AAP Workshop on perio-
dontitis and systemic diseases. J. Clin. Periodontol., roc. 40,
2013, Suppl. 14, 5. 106-112.

Chavarry, N. G. M., Vettore, M. V., Sansone, C., Sheiham, A.:
The relationship between diabetes mellitus and destructive
periodontal disease: a meta-analysis. Oral Health Prev. Dent,,
ret. 7, 2009, ¢. 2,5.107-127.

. Duskova, J.: Stomatologickd onemocnéni u diabetu. 1. vyd.,

Professional Publishing, Praha, Czechia, 2000, 56 s. ISBN: 80-
86419-05-3.

Duskova, J.: Riziko diabetu pro onemocnéni dutiny dstni. Med.
Rev, roé. 7, 2001, €. 1, 5. 12-14.

. Duskova, J., Broukal, Z.: Vztah diabetes mellitus a onemocné-

ni parodontu se zfetelem k mikrobiclogickym naleziim v duti-
né ustni. (Literarni piehled). Cs. Stomat., roé. 92,1992, ¢. 6, s.
347-349.

. Duskova, J., Broukal, Z.: ¥ztah onemocnéni parodontu a dia-

betu - metaanalyza vysledku prifezovych a intervenénich stu-
dii. Prakt. Lék,, ro¢. 84, 2004, £.10, s. 556-563.

. Dye, B. A,, Genco, R. J.: Tooth loss, pocket depth, and HbAlc

information collected in a dental care setting may improve the
identification of undiagnosed diabetes. J. Evid.-Based Dent.
Pract., ro€. 12, 2012, suppl. 3, 5. 12-14.

. Ebersole, J. L., Hol, 5. C., Hansard, R., Novak, M. J.:

Microbiolegic and immunologic characteristics of pericdon-
tal disease in Hispanic Americans with type 2 diabetes. J.
Periodontol., rog. 79, 2008, &. 4, 5. 637-646.

. Engebretson, ., Kocher, T.: Evidence that periodontal treat-

ment improves diabetes outcomes: a systematic review and
meta-analysis. J. Clin. Periodontol., ro€. 40, 2013, suppl. 14, s.
153-163.

. Fagard, R. H., Nilsson, P. M.: Smoking and diabetes - the dou-

ble health hazard! Prim. Care Diabetes, ro¢. 3, 2009, & 4, s.
205-209.

. Friedecky, B., Kratochvila, J.: Diabetes mellitus - laboratorni

diagnostika a sledovani stavu pacientd. http://www.cskb.cz/

19,

20.

21.

22.

23

24,

25.

26.

27.

28.

29.

30.

31

32,

33.

34,

35.

36.

res/file/doporuceni/DM/DM_dop_201601.pdf. Pistup: 26. cer-
venec 2016

Garcia, D., Tarima, $., Okunseri, C.: Periodontitis and glycemic
control in diabetes: NHANES 2009 to 2012. J. Periodontol., rof.
86, 2015, ¢&. 4, 5. 499-506.

Hintao, J., Teanpaisan, R., Chongsuvivatwong, V.: The micro-
biological profiles of saliva, supragingival and subgingival pla-
que and dental caries in adults with and without type 2 dia-
betes mellitus. Oral Microbiol. Immunol., roé. 22, 2007, . 3, s.
175-181.

Holtfreter, B., Albandar, J. M., Dietrich, T.: Standards for re-
porting chronic periodontitis prevalence and severity in epide-
miologic studies: proposed standards from the Joint EU/USA
Periodontal Epidermiology Working Group. J. Clin. Periodontol.,
ro¢. 42, 2015, €. 5, 5. 407-412.

Jagannathachary, S., Kamaraj, D.: Obesity and periodontal di-
sease. J. Indian Soc. Periodontol., ro€. 14, 2010, €. 2, 5. 96-100.
Jansson, H., Lindholm, E., Lindh, C.: Type 2 diabetes and risk
for periodontal disease: a role for dental health awareness. J.
Clin. Periodontol., roc. 33, 2006, &. 6, 5. 408-414.

Khader, Y. S., Albashaireh, Z. $. M., Hammad, M. M.: Periodontal
status of type 2 diabetics compared with nondiabetics in north
Jordan. East Mediterr Health J Rev Santé Méditerranée Orient
Al-Majallah Al-Sihhiyah Li-Sharg Al-Mutawassit, ro¢. 14, 2008,
¢. 3, 5. 654-661.

Khader, Y. S., Dauod, A. S., El-Qaderi, S. S.: Periodontal status
of diabetics compared with nondiabetics: a meta-analysis. J.
Diabetes Complications, roé. 20, 2006, €. 1, s. 59-68.

Lalla, E., Kaplan, S., Chang, S. J.: Periodontal infection profiles
in type 1 diabetes. J. Clin, Periodontol.,, ro¢, 33, 2006, ¢, 12, s.
855-862.

Lim, L. P., Tay, F. B. K., Sum, C. F., Thai, A. C.: Relationship
between markers of metabolic control and inflammation on
severity of periodontal disease in patients with diabetes melli-
tus. J Clin Periodontol, re¢. 34, 2007, ¢. 2, 5. 118-123.

L&e, H.: The gingival index, the plague index and the reten-
tion index systems. J. Periodontol,, ro¢. 38, 1967, suppl. 6, s.
610-616.

Lde, H.: Periodontal disease. The sixth complication of diabe-
tes mellitus. Diabetes Care, roc. 16,1993, €.1, s. 329-334.
Mathur, L. K., Manohar, B., Shankarapillai, R., Pandya, D.:
Obesity and periodontitis: a clinical study. J. Indian Soc.
Pericdontol., ro¢. 15, 201, &. 3, s. 240-244.

Moore, P. A., Weyant, R. J., Mongelluzzo, M. B.: Type 1diabe-
tes mellitus and oral health: assessment of periodontal disease.
J. Periodontol., ro¢. 70,1999, €. 4, s. 409-417.

Morita, |., Okamoto, Y., Yoshii, S.: Five-year incidence of pe-
riodontal disease is related to body mass index. J. Dent. Res,,
ro¢. 90, 201, €. 2, 5. 199-202.

Nishida, N., Tanaka, M., Hayashi, N.: Determination of smoking
and obesity as periodontitis risks using the classification and
regression tree methed. J. Periodontol., ro¢. 76, 2005, €. 6, s.
923-928.

Rajhans, N. S., Kohad, R. M., Chaudhari, V. G., Mhaske, N. H.:
A clinical study of the relationship between diabetes mellitus
and periodontal disease. J. Indian Soc. Periedontol., ro€. 15,
201, &4, 5. 388-392.

Sarem, . A,, Nelson, R. G., Tulloch-Reid, M.: Periodontal di-
sease and mortality in type 2 diabetes. Diabetes Care, roc. 28,
2005, ¢.1,5.27-32.

Shultis, W. A., Weil, E. J., Looker, H. C.; Effect of periodontitis
on overt nephropathy and end-stage renal disease in type 2
diabetes. Diabetes Care, ro¢. 30, 2007, €. 2, 5. 306-311.

CESKA
STOMATOLOGIE
rocnik 118,

2018, 1,

s 3-12

249



CESKA
STOMATOLOGIE
roénik 118,

2018, 1,

5342

Poskerova H., Bofilova Linhartova P., Cvanova M., Izakovi¢ova Holld L.

37.

38.

39,

41,

Soory, M.: Hormane mediation of immune responses in the
progression of diabetes, rheumatoid arthritis and periodontal
diseases. Curr. Drug Targets Immune Endocr. Metab. Disord.,
roc. 2, 2002, £.1,5.13-25.

Syrjald, A. M. H., Ylostalo, P., Niskanen, M. C., Knuuttila, M.
L. E.: Role of smoking and HbAlc level in periodontitis among
insulin-dependent diabetic patients. J. Clin. Periodontal.,, roé.
30, 2003, £.10, s. 871-875.

Taylor, J. J., Preshaw, P. M., Lalla, E.: & review of the eviden-
ce for pathogenic mechanisms that may link periedontitis and
diabetes. J. Clin. Periodontol.. roé. 40, 2013, suppl. 14, 5. 13-
134.

Tsai, C., Hayes, C., Taylor, G. W.: Glycemic control of type 2
diabetes and severe periodontal disease in the US adult po-
pulation. Community Dent. Oral Epidemiol.. roé. 30, 2002, ¢. 3,
5. 182-132,

Wiebe, C. B., Putnins, E. E.: The periodontal disease classifica-
tion system of the American Academy of Periodontology - an
update. J. Can. Dent. Assoc., ro¢. 66, 2000, £. 11, s. 594-597.

. Yuan, K., Chang, C. 1., Hsu, P. C.: Detection of putative perio-

dontal pathogens in nen-insulin-dependent dizbetes mellitus

and non-diabetes mellitus by polymerase chain reaction. J.
Periodontal. Res., rod. 36, 2001, & 1, 5.18-24.

Clanek vznikl s podporou grantu GACR
GB14-37368G, projektu Specificky vyzkum
MUNI/A/0948/2016 a z prostiedkil poskytnutych
Lékarskou fakulton MU juniorskému vyzkumni-
kovi Petfe Bofilové Linhartové,

MUDr. Hana Poskerova, Ph.D.

Parodontologické oddéleni
Stomatologicka klinika

LF MU a FNUSA

Pekafska 53

656 91 Brno

e-mail: hana.poskerova@fnusa.cz

250



Attachment 12 Article ”Oral diseases in diabetic patients”

SSN 0042-773X (print) ISSN 1801-7592 (online) wwwnitrnilekarstvi.eu

I— DLECNOS

Vnitini lékaistyi ol QIS S

62 let ve sluzbach interni mediciny

Brno, 6. prosince 2018

VaZena pani doktorko,

dovoluji si Vam sdélit, Ze prace autorského kolektivu Poskerova, Bofilova Linhartova, Izakoviova Holla: .One-
mocnéni dutiny ustni u pacientii s diabetem” byla prijata k publikad v Casopise Vnitini lekarstvi, v monotematickém
cisle casopisu ,Diabetologie 1.".

V soucasné dobé Vam ale nejsem schopen jednoznacné fid, do kterého dsla rocniku 2019 casopisu Vnitini
|ékaistvi bude vyse uvedena prace zarazena.

O piiesném zarazeni vySe uvedené prace do konkrétniho disla casopisu Vnitini lékarstvi Vas budu jesté samo-
ziejmé elektronicky informovat.

Se srdecnymi pozdravy a s pranim klidného adventniho casu

Prim. MUDr. Petr Svadina, v.r.,
Sifredokior Easonisy Vit ke

VaZena pani
MUDr. Hana Poskerov3, Ph.D.,

Stomatologicka klinika LF MU a FN u sv. Anny,
Pekarska 53,

65691 Brno.

e-mail: hana.pskerova@fnusa.cz

POZOR! Od 1. ledna 2016 plati na vedouciho odborného redaktora jen telefonni Cislo
603420260, dale neplati maily psvacina@vez.brn.justice.cz a petr.svacdna@fmusa.cz, ale nové
kromé mailového spojeni svacinavl@seznam.cz také novy mail svacinavi@hotmail.com.

vedouci odborny redaltor odpovédny redalctor nakladatel vydavatel
prim. MUDr. Petr Svafina dr. Boris Skalka = FAMA .

I intern( klinika LF MU a FN u sv. Anny E | boris.skalka®fa-ma.cz I FocoMedcs ~ %
Pekaiska 53 | 656 91 Brno M | +420 737 985 593 Srbska 2186/19 | 612 00 Brno ? g
E | svacinavl@semam cz, .'c..,,.—"'
svacinavi®hotmail.com Redakce

M| +420 603 420 260 Facta Medica, s.1.0

Jana Babalka 2733/11| 612 00 Brno
E | fama-redakce@fa-ma.cz
M | +420 737 287 512

251



Onemocnéni dutiny ustni u pacientii s diabetem
(Prehledny referat)
Oral diseases in diabetic patients

(Review of Literature)

Poskerova H.!, Botilova Linhartova P.!-2, Izakovi¢ova Holla L.}2
b b

! Stomatologicka klinika LF MU a FN u sv. Anny, Brno
2 Ustav patologické fyziologie LF MU a FN, Brno

IClinic of Stomatology, FM MU and St. Anne's Faculty Hospital, Brno
“Department of Pathophysiology, FM MU and Faculty Hospital Brno

Souhrn:

Autofi ve svém sdéleni shrnuji soucasné poznatky o vzdjemnych souvislostech mezi
onemocnénim diabetes mellitus (DM) a chorobami tkéni dutiny ustni. Zabyvaji se vlivem
diabetu na stav tvrdych zubnich tkéani, Gstnich sliznic a slinnych Zlaz a vysvétluji, jakym
zpiisobem k t€émto neZadoucim zménam dochéazi. Zamétuji se predev§im na oboustranny vztah
mezi diabetem a parodontitidou, na spolecné patogenetické znaky obou chorob a na vliv
parodontologické 1€¢by na zakladni metabolické onemocnéni. Dokladaji, ze diabetes na jedné
stran¢ negativné ovliviiuje stav parodontalnich tkani, na stran€¢ druhé je vSak i1 zanétlivé
onemocnéni parodontu rizikovym faktorem pro vznik hyperglykemie. Autofi poukazuji na
vznikajici bliz§i spolupraci mezi diabetology a parodontology (Perio-Diabetes Workshop
v roce 2017) a zamysleji se nad moznostmi u€inné prevence a lepsi motivace diabetikll k péci

0 oralni zdravi.

Klic¢ova slova: diabetes mellitus, gingivitis, parodontitis, ustni dutina, zanétlivé mediatory

Summary:

In this paper, the authors summarize current findings on the relationship between diabetes
mellitus (DM) and oral tissue diseases. They study the effect of diabetes on the condition of
hard dental tissues, oral mucosa and salivary glands and explain how these undesirable
changes occur. They focus primarily on the bilateral relationship between diabetes and

periodontitis, common pathogenetic traits of both diseases and on the effect of periodontal
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treatment on basic metabolic diseases. They show that diabetes not only negatively affects the
condition of periodontal tissues, but inflammatory disease of periodontium is also a risk factor
for hyperglycemia. The authors point to the emerging closer co-operation between
diabetologists and parodontologists (Perio-Diabetes Workshop in 2017) and consider

possibilities of effective prevention and better motivation of diabetics for oral health care.

Key words: diabetes mellitus, gingivitis, periodontitis, oral cavity, inflammatory mediators

Uvod

Diabetes mellitus je zdvazné metabolické onemocnéni provazené fadou komplikaci, které
Casto vyrazné snizuji kvalitu Zivota diabetikli. Kromé klasickych komplikaci ma diabetes vliv
také na tkan¢ dutiny Ustni. Oralni projevy DM se tykaji zejména parodontu, ale 1 sliznic
dutiny ustni, slinnych 714z a tvrdych zubnich tkani. V poslednich letech se vyzkum v této
oblasti zaméfuje predevsim na objasnéni souvislosti mezi DM a parodontitidou, pficemz se
ukazuje, Ze vztah mezi obéma chorobami je oboustranny. V letech 2012 a 2017 probéhla ve
Spanélsku dvé vyznamna pracovni setkani evropskych a americkych odborniki, ktefi
systematicky vyhodnotili stovky studii z medicinskych databazi a nasledné zvetejnili
vysledky o soucasném pohledu na souvislost mezi obéma chorobami. Tyto aktivity by mély
vést k lepsi spolupraci mezi vSeobecnymi Iékati a stomatology/zubnimi 1ékafi a zvysit

informovanost o dan¢ problematice u vSech zainteresovanych skupin obyvatelstva.

Projevy diabetu v dutiné ustni (tvrdé zubni tkané, Gstni sliznice, slinné Zlazy)

Zmény v duting Gstni vétSinou, podobné jako 1 ostatni chronické komplikace diabetu,
koresponduji s délkou trvani onemocnéni, irovni jeho kompenzace a ptritomnosti dalSich
systémovych zmén.

O vlivu diabetu na vyssi kazivost chrupu se vedou ¢etné diskuze, fada vyzkumnych praci vsak
vysS§i vyskyt zubniho kazu u diabetikii potvrzuje [1,2]. Predpokladanou pticinou je nizsi
salivace a sniZzena pufrovaci kapacita sliny (diisledkem postizeni slinnych Z14z), zvySena
hladina glukoézy ve slin€ a v sulkularni tekutiné (vlivem hyperglykemie), ale také vyssi
frekvence pfijmu potravy [3].

Nedostate¢na tvorba slin a z ni vyplyvajici xerostomie (subjektivni pocit suchosti v tstech),
postihuje fadu diabetik(i[4,5]. Na vznik hyposialie mé zfejmé vliv polyurie, poruchy

mikrocirkulace, naruseni bazalnich membran Zlazového epitelu, ale i vedlejsi €inky
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nékterych 1é¢iv[3]. Snizené mnoZzstvi slin vede ke zvySené akumulaci zubniho plaku, k atrofii
ustni sliznice (zejména atrofické glossitidé) a snazsi tvorbé dekubitl pod snimacimi zubnimi
nahradami. Hyposialie souvisi spole¢né se snizenou imunitou a vyssi hladinou glukézy ve
slinéch s projevy oralni kandido6zy (obr. 1). U diabetikii (zejména nedostatecné
kompenzovanych) se vyskytuje Castéji, nez u zdravé populace [6,7] a je lokalizovana vétSinou
v ustnich koutcich (stomatitis angularis), na hibetu jazyka nebo na tvrdém patfe u pacientti
se snimaci zubni nahradou. Dalsi komplikace, které diabetiky v dutiné ustni postihuji, jsou
rychlé sifeni odontogenni infekce[7], porucha hojeni mékkych tkani a extrakcnich ran[7,8].
Neobjasnéné paleni ustnich sliznic, ptipadné poruchy chuti u diabetikli popisujeme jako
stomatodynie a glosodynie a pfi jejich vzniku piredpokladame vliv periferni diabetické
neuropatie[7,8]. Tyto obtize mohou pfispivat k naruseni stravovacich nadvyka, ke zvySenému
ptijmu jidla a nasledné k obezité. U diabetikil také Castéji diagnostikujeme nezanétlivou
hypertrofii zIdzového parenchymu piiusni slinné zlazy - sialoadenézu ve forme
oboustranného asymptomatického zdufeni ptiusnich slinnych zldz (Charvatav ptiznak).
Kombinace diabetu s hypertenzi a postizenim sliznic dutiny ustni ve formé oralniho lichenu je
oznacovana jako Grinspaniiv syndrom (obr. 2). U diabetik 2. typu (DM2) lichenoidni
zmény ustni sliznice mohou vznikat jako polékova rekce (antihypertenziva a peroralni
antidiabetika)[9]. Nékteti autofi povazuji diabetes také za rizikovy faktor pro vznik

premalignich zmén a tumori v dutin€ Gstni[ 10].

Projevy diabetu v oblasti parodontu

Diabetes ptispiva zejména ke vzniku parodontitidy, kterou popsal Loe v roce 1993 ve své
rozsahlé studii jako ,,Sestou komplikaci diabetu“[11] . DuSkova a Broukal uvadéji v jednom
ze svych sdéleni, Ze souvislost mezi obéma chorobami byla zndma jiZ koncem devatenactého
stoleti, pfi¢emz destruktivni onemocnéni parodontu bylo Casto zjist€éno zubnim Iékatem diive,
nez byla diagnostikovéana zakladni metabolick4 porucha[12].

Intenzivni vyzkum sledujici vyskyt gingivitidy (zanét dasni) a parodontitidy (zanét zavésného
aparatu zubu) u diabetikl probihd zejména od Sedesatych let dvacatého stoleti. Zamétuje se
pfedevsim na diabetes 2. typu, protoZe diabetici 1. typu byvaji diagnostikovani a vySetfovani
hlavné v détstvi (zejména ve skupin€ 11-15 let), kdy se parodontitida jest¢ nemusi projevit.

V tomto véku je popisovana vyssi prevalence gingivitid, a to az dvakrat ¢astéj$i nez u

zdravych déti a adolescentil a jejich té€zsi forma[13]. Juvenilni diabetik zfejmé reaguje
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zanétem dasni jiz na takové mnozstvi mikrobidlniho zubniho povlaku, které by u celkové
zdravého jedince gingivitidu jesté nevyvolalo[ 14].

Z vyzkumii dospélych diabetikli jasn€ vyplyva, Ze DM zvysSuje incidenci, prevalenci, progresi
a zavaznost parodontitidy a stava se tak vyznamnym rizikovym faktorem pro onemocnéni
parodontalnich tkéni. Potvrzuje to nejenom rozsahlé, dnes jiz klasicka prace Loe[11] (vySettil
2180 osob; pokrocilou parodontitidou ve véku 15-35 let trpélo 45 % muzl a 48 % zen s DM2

ve srovndni s 8 % osob bez diabetu), ale 1 nejnovéjsi rozsahld meta-analyticka studie[15] .

K poskozeni parodontalnich tkéni ptispiva ptfedevsim dlouhodoba hyperglykemie a jeji
nasledky. Pozdni produkty glykace proteinii (AGEs) spolu s dalSimi patogenetickymi
mechanizmy (napf. oxidacéni stres, akumulace polyolt), vedou ke strukturdlnim a funkénim
zméndm kapilar gingivalniho plexu, k poruchdm metabolizmu kolagenu gingivalni tkan¢ a
parodontalnich ligament, ke zménam funkce imunitnich bun¢k a k porucham metabolizmu
alveolarni kosti[ 16—19]. Takto oslabeny parodont je potom nachylnéjsi k ptisobeni
mikroorganizmi dentdlniho plaku a umoziuje rozvinuti jejich patogenniho potencialu[16,19]
(schéma 1).

Zavaznym stavem pii 1éCbe diabetu je krom¢ hyperglykemie také hypoglykemie. Japonsti
autofi sledovali vliv iatrogenné navozené hypoglykemie na parodontalni tkané, vyznamny
vliv prokazali zejména na buniky parodontalnich ligament[20]. Pokud je kultivovali v
prostiedi s nadbytkem gluko6zy, byla narusena jejich schopnost adheze a pohybu. V
hypoglykemickém prostiedi vSak buiiky parodontalnich ligament postupné podlehly bunééné
smrti. Z vysledkt této studie vyplyva, ze Casté vykyvy glykemie mohou buiiky parodontu

vazné poskodit.

Postizeni parodontu tedy souvisi zejména s tim, jak je diabetik kompenzovany. S naristajici
délkou trvani diabetu a s nastupem pozdnich cévnich komplikaci zesiluje vliv metabolické
choroby také na pribéh a zavaznost parodontitidy. Nejméné patrny je vliv diabetu na
parodont u dobie kompenzovanych diabetikti 2. typu, u kterych rozsah zanétlivého postizeni
zaveésného aparatu zubl zavisi pfedevSim na urovni jejich tstni hygieny[21]. Velka ¢ast
paceintli s DM2 se navic 1é¢i s vysokym krevnim tlakem. Pokud jsou v medikaci hypertenze
pouzity blokatory kalciovych kanalli (zejména nifedipin), miize se u pacientli s nedostatecnou
ustni hygienou rozvinout plakem podminénd léky modulovana hyperplasticka gingivitida

(obr. 3ab,4).
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Vliv chronickych zanétlivych parodontopatii na vznik a rozvoj diabetu

Parodontitida je chronické zanétlivé onemocnéni zavésného aparatu zubl. Tento zanét vznika
a je dale udrzovan dlouhodobou pfitomnosti zubniho mikrobialniho povlaku v oblasti
marginalni gingivy (nad i pod okrajem dasn¢). Zptsobuje destrukci celého zavésného aparatu
zubu vcetné ubytku alveolarni kosti a tvorby pravych parodontalnich chobott.

Parodontalni bakterie (zejména gram-negativni anaerobni mikroorganizmy) a jejich virulentni
faktory mohou pronikat do krevniho ob&hu, coz vede k systémové odezvé[19]. Trvalé
uvoliiovani bakterialnich lipopolysacharidii, enzymu a exotoxint v oblasti gingivy indukuje
imunitni odpovéd’, ¢imz se zvysuje exprese prozanétlivych mediatort (zejména interleukinti -
IL-1B, IL-6, tumor nekrotizujiciho faktoru-TNF-a a prostaglandinti-PGE) tada z nich se
dostava do krevniho ob&hu a dale tak ptispiva k udrZzovani systémového zanétu[19,22,23].
Mediatory zanétu pak spoustéji kaskadu slozitych déji, které ovlivituji glukézovy a lipidovy
metabolizmus, indukuji inzulinovou rezistenci[16,19,22,23] a mohou zpusobit i poskozeni

beta bunék pankreatu[24] (schéma 1).

Demmer a jeho spolupracovnici analyzovali v rdmci narodni studie NHANES (National
Health and Nutrition Examination Survey) rozsahly vzorek populace (9296 jedincii)[25].
Zjistili, Ze ve skupiné se stiedné pokrocilou parodontitidou mélo diabetes 2,26 krat vice osob,
neZ ve skuping parodontologicky zdravych jedinct. Stejni autofi v prospektivni pétileté studii
sledovali vliv nelécené parodontitidy na zmény hodnot glykovaného hemoglobinu u 2973
osob bez diabetu[26]. Prokazali, Ze u téch, ktefi trpéli na pocatku téZkou pokrocilou
parodontitidou, stoupla hladina tohoto ukazatele béhem sledovaného obdobi pétkrat ve
srovnani s osobami bez parodontitidy. Toto byla prvni prace, ktera doloZila, Ze zanétlivé

onemocnéni parodontu miiZze vést ke zvySeni glykemie 1 u osob bez diabetu.

Z tady studii za poslednich dvacet let vyplyva, Ze diabetici s tézkou formou parodontitidy jsou
nachylngjsi ke vzniku a rozvoji diabetickych komplikaci [23,27] a je zfejmé, Ze prevalence a
zavaznost téchto onemocnéni koreluje se stupném parodontitidy[11,28]. Saremi popsal 8,5
krat vyS$8i imrtnost na diabetickou nefropatii a 2,3 krat vy$§i imrtnost na ischemickou
chorobu srdecni u diabetiki s téZkou parodontitidou nez u téch se zdravym parodontem

pfipadn€ mirnou formu zanétu[28].
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Vliv parodontologické 1é¢by na glykemicky profil

Parodontologicka 1é¢ba spociva v pravidelné a trvalé kontrole mikrobidlniho zubniho plaku.
Zahrnuje odstranéni viditelného zubniho kamene nad dasni a v 1é€b¢ parodontalnich chobotii
ve formé subgingivalniho oSetfeni (odstranéni zubniho kamene a plaku pod okrajem dasn¢ a
vyhlazeni povrchové vrstvicky nekrotického zubniho cementu). Nezbytné nutna je spoluprace
pacienta pii kazdodenni Ustni hygien¢, aby nedoslo k rychlé rekolonizaci o¢isténych mist
patogennimi mikroorganizmy.

Rada studii potvrdila, Ze efektivni parodontologicka 1é&ba doprovazena pravidelnym a
dostate¢nym odstranovanim zubniho plaku v rdmci domaci péce miize snizit hladinu
glykovaného hemoglobinu, a to zejména u nedostate¢né kompenzovanych diabetikl s
pokrocilou parodontitidou[17,29-31]. Ke zlepSeni glykemického profilu pacienta vede ziejmé
pokles systémového zanétu a snizeni hladin zanétlivych medidtorii v navaznosti na redukci

zanétu parodontu po 1é¢be[32].

Obezita a parodontitida — vzajemné ovliviiovani

V poslednich desetiletich se sleduje 1 vztah mezi obezitou a parodontitidou. V patogeneze
toho procesu hraje roli fada mechanizmi, zejména vliv obezitou indukovanych zanétlivych
mediatord, které jsou produkovany visceralni tukovou tkdni. Nasledna infiltrace tkani
makrofagy a dal$imi buitkami, které uvoliiuji prozanétlivé mediatory, vede k udrzovani
recipro¢niho cyklu chronického zanétu. Lipopolysacharidy parodontalnich patogent
podporuji napft. sekreci TNF-a tukovou tkani, coz na jedné stran¢ zplisobuje posSkozeni
parodontalnich tkéni a na druhé strané€ pfispiva ke vzniku inzulinové rezistence a vede k
dysfunkci beta bun¢k pankreatu[24,33,34]. Obezita je tak vyznamnym rizikovym faktorem
pro vznik parodontitidy i1 bez pfitomného diabetu a naopak zanétlivé onemocnéni parodontu
muze zhorsit metabolicky syndrom, jehoZ je obezita soucasti (schéma 1). Levine popisuje tuto
situaci jako trojuhelnikovy vztah obezita — diabetes — parodontitida, pficemz dochézi k

vzajemnému ovlivnéni téchto chorob[35].

Ve snaze o objasnéni vlivu parodontitidy na celkovy zdravotni stav se v roce 2012 ve
Spanélsku konala pracovni konference (9" European Workshop in Periodontology), na které
se predni evropsti a americti parodontologové zaméfili na studium vztahli mezi parodontitidou
a systémovymi chorobami. Odbornici pracovali ve ¢tyfech skupinach cilenych na DM,

kardiovaskularni choroby, t€hotenstvi a néktera dalSi onemocnéni a systematicky vyhodnotili
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stovky ptivodnich vyzkumnych praci zvetejnénych v medicinskych databazich. V dubnu roku
2013 vydaly obé odborné spolecnosti sbornik konference, ve kterém byly shrnuty zavéry
jejich systematického zkoumani. Celkem Ctyii souhrnné prace se tykaji diabetu[19,23,27,36].
Poskytuji komplexni souhrn dosavadnich znalosti o vztazich mezi diabetem a parodontitidou

a vyvozuji tyto tii zékladni teze:

1. u osob s parodontitidou pronikaji parodontalni bakterie a jejich virulentni faktory do
krevniho ob¢hu, coz vede k systémovému zanétu organizmu. Tento mechanizmus mize mit
vliv na rozvoj diabetu a jeho komplikaci[19].

2. pokrocila parodontitida ovliviiuje hladinu glykemie u diabetikll i u osob bez diabetu.
Existuje pifima souvislost mezi zdvaznosti parodontitidy a vyskytem diabetickych komplikaci
a také zvySené riziko vzniku diabetu u pacientl s pokrocilou parodontitidou[27].

3. z randomizovanych klinickych studii vyplynulo, Ze konzervativni parodontologické
osetfeni maze vést k redukci hladiny glykovaného hemoglobinu (HbA ¢ ) v pruméru o 0,36 %

pti kontrole za 3 mésice, coz je klinicky vyznamny vysledek[36].

Na tuto konferenci po péti letech navéazalo pracovni setkani Perio-Diabetes Workshop konané
v roce 2017 opét ve Spanélsku. Uéastniky byli tentokrat kromé parodontologii také
diabetologové z International Diabetes Federation. Jejich cilem bylo aktualizovat poznatky

z predchozi konference na zéklad¢ analyzy novych vyzkumnych studii z let 2013 —2017.

Z meta-analytického Setfeni vyplynula nésledujici zjisténi[22,37-39]:

1. osoby bez diabetu s parodontitidou mély vyssi hladinu HbA ¢ v séru v porovnani
s témi se zdravym parodontem[37].

2. osoby s parodontitidou mely vétsi pravdépodobnost rozvoje prediabetu nebo DM2
[37].

3. vétSina studii se shodla na tom, Ze parodontitida je rizikovy faktor pro rozvoj
diabetickych komplikaci[37].

4. udiabetikl s parodontitidou byla zjiSténa horsi funkce beta bun¢k pankreatu, vétsi
mediatord (zejména TNF-a a C-reaktivniho proteinu) nez u osob s diabetem a

zdravym parodontem[22].
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5. parodontologicka 1écba spolu s dostate¢nou domaci péci vedla ke zlepSeni stavu
parodontu i u diabetikli s nedostate¢n¢ kompenzovanym diabetem[38].

6. uspésna parodontologicka lécba u diabetikli redukovala hladiny TNF-a a CRP[22]

7. konzervativni terapie parodontu vedla ke statisticky signifikantnimu snizeni hladiny
HbA | v séru (méfeno za 3-4 mésice po 1é€be), a to i u nedostatecné kompenzovanych
diabetikti 2. typu. Rozsah redukce HbA . se v této meta-analytické studii pohyboval v
rozmezi 0,27 % - 0,48 %][38] . Pro diabetiky 1. typu nebyly k dispozici dostate¢né
relevantni studie.

Podobné jako na ptedchozi konferenci v roce 2012 také autofi loniského pracovniho setkani
Perio-Diabetes Workshop zavérem navrhli néktera opatfeni, kterd by mohla zlepsit
informovanost a posléze i zdravotni stav pacienti[39]:

A/ Doporuceni pro vSeobecné lékare a dalsi profesionaly v péci o diabetiky:

- vzdélavaci programy pro diabetiky by mély zahrnovat i edukaci tykajici se oralniho zdravi.
- diabetici by méli byt informovani o tom, Ze parodontitida ma negativni vliv na kompenzaci
diabetu a mtze zvysit riziko diabetickych komplikaci.

- diabetolog by se mél svych pacientl tdzat na jejich ordlni zdravi a ptat se i na piipadné
symptomy parodontitidy (krvaceni/hnisava exsudace z dasni, posuny zubti, ztrata zubd,
halitoza).

- vSichni nové diagnostikovani diabetici by méli byt v rdmci komplexniho ptistupu odeslani k
prohlidce u zubniho Iékate (kterd by méla zahrnovat 1 zdkladni vySetieni parodontu).

- diabetici by méli byt informovani o dalSich moznych problémech v dutin€ stni (suchost a
paleni sliznic, zvySené riziko kvasinkové infekce, zhorSené hojeni ran).

B/ Doporuceni pro diabetické pacienty v ambulancich v§eobecnych lékaii:

- informace pro pacienty o vztahu diabetes — parodontitis.

- doporuceni pravideln¢ navstévovat zubniho 1ékare.

- popis zaniceného parodontu (zarudnuti/otok/ krvaceni z désni, zubni kamen, posuny zubd,
ztrata zubi), tyto pfiznaky vSak nemusi byt vzdy patrné (zejména krvaceni z dasni nebyva
manifestni u kurak).

- informace o tom, jak se naucit sprdvnym zplisobem udrzovat dobrou hygienu dutiny ustni
vcetné €iSténi mezizubnich prostor.

- popis dalSich moznych problému v duting Usti (suchost a paleni sliznic, zvySené riziko

kvasinkové infekce, zhorSené hojeni ran).
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C/ Doporuceni pro zubni l1ékare, ktef'i pecuji o diabetiky a o osoby s rizikovymi faktory
pro vznik diabetu:

- zubni 1¢kat by mél diabetiky informovat o tom, ze diabetes zvySuje riziko vzniku a rozvoje
parodontitidy a ovliviiuje zdravi dutiny ustni, na druhé stran¢ parodontitida zvysuje nebezpeci
nedostate¢né kompenzace diabetu a diabetickych komplikaci.

- zubni 1ékat by mél zjistit v rdmci anamnézy typ diabetu, délku jeho trvani, kompenzaci a druh
1é¢by vcetné dalsi medikace.

- u kazdého diabetika by mél byt vySetien stav parodontu a diabetici se zanétlivymi
parodontopatiemi by méli byt adekvatné parodontologicky 1éceni.

- u diabetiki je nutné vénovat pozornost i dalSim pfipadnym ordlnim komplikacim
(hyposalivace s xerostomii, oralni kandidoza, stomatodynie a glosodynie, zubni kaz).

- dilezita je motivace pacienta k fadné stni hygien¢ (zubni mikrobialni povlak mé vliv nejen
na jejich oralni, ale i na celkové zdravi) a individualni instruktaz dentalnimi pomickami véetné
mezizubnich.

- diabetici, ktefi jiz pfisli o vétsi ¢ast chrupu, by méli byt v¢as proteticky oSetieni tak, aby nebyl
negativné ovlivnén pifijem potravy.

- osoby s rizikovymi faktory pro vznik diabetu 2. typu (obezita, vysoky krevni tlak, zvySena
hladina cholesterolu, rodinné z4téz) by méli byt zubnim Iékafem informovani o tomto riziku a
méli by byt odeslani k vySetfeni praktickym lékafem.

- komplikovanéj§i ptipady by mél zubni lékaf konzultovat s diabetologem, napiiklad
chirurgicka lécba a aplikace zubnich implantat neni vhodna u nedostate¢né kompenzovanych
diabetikl.

D/ Doporuceni pro diabetické pacienty a osoby s rizikovymi faktory pro diabetes v
zubnich ambulancich.

- diabetici by se u zubniho lékatfe/parodontologa méli dozvédet o vzajemném vztahu diabetes-
parodontitis, 1 0 mozném vlivu jejich onemocnéni na dalsi ¢asti dutiny ustni

- dulezité jsou zejména informace o domaci péci ve smyslu pravidelného a peclivého
odstranovani zubniho plaku v€etné mezizubniho a o potiebnosti pravidelnych

stomatologickych kontrol (i v pfipadé, Ze pacient netrpi Zadnymi aktualnimi obtiZzemi).

Vyznam dostate¢né komunikace s pacienty a jejich informovanosti dokladaji ve své praci
thajsti autofi, ktefi zjiSt'ovali vliv motivace a edukace na stav chrupu a kompenzaci diabetu

[40]. Polovina studovaného souboru diabetikil ziskala rozsahlé informace tykajici se zdravého
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zivotniho stylu a provadéni kvalitni Gstni hygieny vcetné individudlnich konzultaci a ti§téného
manudlu. Kontrolni skupina byla poucena o diilezitosti téchto faktord ovliviiujicich zdravi
pouze rutinnim zptisobem. Pacienti byli vySetieni na zacatku studie, po tfech a po Sesti
mésicich. Ukazalo se, Ze souc¢asna zména zivotniho stylu a Gstni hygieny u dobte
informovanych osob prvni skupiny vedla k lepsim vysledkiim tykajicim se kompenzace

diabetu i stavu parodontu v porovnani s kontrolni skupinou.

Nizozemské autory zajimalo, jak vypada spoluprace mezi stomatology a diabetology v péci o
pacienty s diabetem[41]. Vybrali 889 pacientli navstévujicich diabetologické oddéleni
nemocnice v Amsterdamu, diabetolog mél za ukol ptedat svym pacientliim dotaznik tykajici se
stavu chrupu a parodontu pro jejich stomatologa a ziskat ho od nich pii dalsi navstéve zpét.
Dotaznik zahrnoval vysledky bézného stomatologického vysetieni. Z celkového poctu 889
diabetikli pouze 408 osob dotaznik od diabetologa skutecné obdrzelo. Z téchto 408 dotazniki
predanych stomatologovi se pouze 168 vratilo vyplnénych zpét, po telefonickém kontaktu se
podafilo ziskat dalSich 67. Autofi konstatuji, Ze mnohé v komunikaci diabetolog — pacient —
zubni 1¢ékat by bylo mozné zlepsit. Na zavér poznamendavaji, ze na zakladé vysledki tohoto
projektu se diabetologové v jejich nemocnici zacali dotazovat svych pacientii na stav chrupu a

dutiny Gstni a doporucuji jim pravidelné navstévy stomatologa/zubniho 1€kare.

Zavér

Komplexni péce o diabetika vyzaduje interdisciplinarni spolupréci. Vyzkumy poslednich let
poukazuji na vyznamné souvislosti mezi diabetem a parodontitidou, mechanizmus jejich
vzajemného plisobeni je v§ak dosud zndm jen caste¢né. Piesto je mozné relativné
jednoduchymi opatfenimi, jakymi jsou dobrd informovanost pacienta, diiraz na pravidelnou
stomatologickou péci a spravnou hygienu dutiny tstni, dosdhnout mnohych zlepseni.
Informace o efektu parodontologické 1€€by na pokles mediatorii zanétu a glykovaného
hemoglobinu v fad¢ studii znamenaji posun v pohledu na prevenci diabetu 1 jeho komplikaci.
Ukazuje se, Ze dusledna parodontologicka 1écba diabetikt by mohla pfispét ke stabilizaci
jejich celkového onemocnéni. V poslednich letech se také objevuji doporuceni, aby zubni
1ékati vénovali zvySenou pozornost rizikovym pacientim pro diabetes a odesilali je k dal§imu
vySetieni praktickym lékafem. Z vySe uvedeného vyplyva, ze v komplexni péci o diabetiky je
fada spole¢nych témat mezi v§eobecnymi a zubnimi lékafti a G€innéj8i spoluprace mezi t€mito

profesemi by mohla vést ke zlepSeni kvality Zivota diabetickych pacientt.
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Attachment 13 Article ”Gene variability in immunoregulatory factors in patients with chronic

periodontitis and diabetes mellitus”
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SOUHRN

Uvod a cil studie: Genetické predispozice hraji vyznamnou roli v etiopatogenezi jak chronické parodon-
titidy (CP), tak i diabetes mellitus (DM), mezi kterymi existuje recipro¢ni vztah. U obou chorob jsou za
kandidatni povazovény geny pro imunoregulacni faktory, k nimz se fadi signalnf peptidy zvané cytokiny.
Cilem nasi studie bylo analyzovat polymorfismy ve vybranych cytokinech, konkrétné v interleukin-1
(IL-1) genovém klasteru a v /L-6 genu, u pacient(i s CP s/bez DM a porovnat je se zdravou populaci.
Metodika: Do studie pfipad( a kontrol (tzv. case-control study) jsme zafadili celkem 590 osob: 226
zdravych; 248 pacientl pouze s CP, 36 pacientt s CP i DM 1. typu (TIDM), 80 pacientli s CP a DM 2.
typu (T2DM). Pro genotypizaci jsme vyuzili postupli zaloZzenych na polymerazové retézové reakci (PCR)
a nasledné restrikéni analyze.

Vysledky: Frekvence alel a genotypUl sledovanych polymorfismi ve vybranych cytokinech, kromé va-
rianty v /L-1B genu se mezi skupinami pacientd a zdravymi jedinci statisticky vyznamné neliily. V /L-T
genovém klastru jsme vSak nalezli protektivni haplotyp u CP a haplotypy zvysujici riziko rozvoje CP
u pacientt s T2DM i s TIDM. Rovnéz v genu pro /L-6 jsme prokazali signifikantni rozdil ve frekvenci
haplotypu GGG mezi pacienty s CP a zdravymi jedinci.

Zavér: Nase vysledky naznacuji, ze na rozdil od analyz jednotlivych polymorfismG rizné haplotypy
v IL-1 genovém klasteru i v promotoru genu pro /L-6 mohou ovliviiovat riziko rozvoje CP u pacientl
s/bez DM v ¢eské populaci. Domnivame se, Ze stanoveni haplotypl ma, oproti sledovani jednotlivych
alelickych a genotypovych frekvenci, lepsi vypovédni hodnotu a méla by mu byt dana pfi genetické
analyze komplexnich nemoci pfednost.

Kli¢ova slova: parodontitida - diabetes mellitus - genova variabilita - cytokiny - interleukiny

SUMMARY

Introduction and aim of study: Genetic predispositions play an important role in the etiopathogenesis
of periodontal diseases (CP) and diabetes mellitus (DM). Recent studies have also proven a bidirectional
interrelationship between these conditions. The immunoregulatory factors, including signal peptides,
so called cytokines, are considered as candidate genes for both of these diseases. The aim of cur study
was to analyse polymorphisms in selected cytokines, namely in the /nterfeukin-7 (/L-1) gene cluster and
IL-6 gene, in patients with CP and with/without DM and compare them with the healthy population.

Methods: 590 subjects were enrolled in this case-control study: 226 healthy/non-periodontitis sub-
jects, 248 patients only with CP, 36 patients with CP and type 1 DM (T1DM), 80 patients with CP and
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type 2 DM (T2DM). For genotyping methods based on polymerase chain reaction (PCR) and subsequent
restriction analysis were used.

Results: The allele and genotype frequencies of the studied polymorphisms, except for a variant in the
IL-1B gene, did not differ significantly between the groups of patients and healthy controls. However, in
the /L-1 gene cluster, a protective haplotype in CP and risk haplotypes for CP in patients with T2DM or
with TIDM were found. In addition, in the /L-6 gene, a significant difference in GGG haplotype frequencies
between the groups of patients with CP and healthy controls was identified.

Conclusion: Our results suggest, that contrary to analyses of individual polymorphisms, different haplo-
types in the /L-7 gene cluster and /L-6 gene promoter may affect the risk for CP development in patients
with/without DM in Czech population. We assume that the determination of haplotypes may have a bet-
ter predictive value than study of individual allele and genotype frequencies and it should be preferred

in genetic analysis of complex diseases.

KEYWORDS: periodontitis - diabetes mellitus - gene variability - cytokines - interleukins

UVOD A CILE STUDIE

Vyznam vybranych cytokinili u parodontitidy
a diabetes mellitus

Parodontitida je onemocnéni vyvolané bakterie-
mi (zejména gramnegativnimi), pfi kterém dochazi
k rozvoji chronického zidnétu, coZ ma za nasledek
ztratu pojivové tkané, alveolarni kosti a nakonec
izubfi. Rovnéz prabéh diabetes mellitus (DM), ktery
zahrnuje skupinu metabolickych onemocnéni cha-
rakterizovanych hyperglykémii, je chronicky a na
jeho vzniku i progresi se podili zanétliva reakce, Mezi
obéma chorobami existuje recipro¢ni vztah, ktery
je v posledni dobé intenzivné studovan (4], Kromé
environmentalnich faktori (stres, koufeni, obezita
atd.) hraje v etiopatogenezi téchto komplexnich cho-
rob roli také geneticka predispozice. Za kandidatni
jsou mimo jiné povazovany geny pro imunoregulaéni
faktory, k nimz se fadi signalni peptidy zvané cytoki-
ny. Vyznam cytokintl, pfedev§im pak interleukinu-1
(IL-1) a interleukinu-6 (IL-6), v obousmérném vztahu
chronické parodontitidy (CP) a DM 2. typu (T2DM) je
znazornén na obr. 1 (28, 33].

Interleukin-1

IL-1 je pluripotentni cytokin, ktery patfi k hlay-
nim medidtoriim zanétlivého procesu. Prozanétlivou
aktivitu vykazuji jeho dvé formy IL-1et a IL-1f v kon-
trastu s protizanétlivymi schopnostmi antagonisty
1L-1 receptoru (IL-1RA) [8].

U pacient( s parodontitidou byly v gingivé nale-
zeny zvy$ené hladiny IL-1a a IL-1B [18] a vyznamné
vyssi hladiny IL-18 v gingivalni tekutiné vykazovali
také pacienti s DM 1. typu (T1IDM) [32] a pacienti
$ T2DM s CP ve srovnani s nediabetickymi kontrolami
[3, 6]. Hypotézu o vlivu hyperglykémie na stupen

Ces. Stomat., ro¢. 115, 2015, ¢.4, s. 89-97

| rezistence
k mikrobialni

Tozvoj inzulinové
rezistence

infekci

Obr. 1 Vyznam cytokind v obousmérném vztahu chronické paro-
dontitidy (CP) a diabetes mellitus 2. typu (T2DM), upraveno
podle [26, 31].

Hyperglykémie charakteristicka pro onemocnéni T2DM je pri-
¢innym faktorem vzniku pozdnich produkta glykace (AGESs),
coz spolecné s vyssi koncentraci lipidh, mastnych kyselin (MK)
a s lipopolysacharidy (LPSs) ovliviiuje nejen funkei bunék imu-
nitntho systému a produkei prozénétlivych molekul, ale také
narusuje metabalismus tkani parodontu. V disledku téchto
d&jl dochazi ke snizeni odolnosti vaci mikrobidlni infekci ve-
douci ke vzniku a rozvoji CP, kde gramnegativni (G-) bakterie
uvolfiuji endotoxiny a LPSs a indukuji adpovéd monocyt(

a makrofagl ve forme aktivace mediator(l zanétu. Mezi né
patii tumor nekrotizujici faktor alfa (TNF-a), prostaglandin E2
(PGE2) a dale celd fada cytoking, pfedeviim pak interleukin-1p
(IL-1B), IL-6 a IL-8, které se mohou podilet na rozvoji inzulinové
rezistence a na destrukci B-bunék pankreatu. Mezi T2DM a CP
vznika tzv. bludny kruh (circulus vitiosus); funkce cytokini

a variabilita v jejich genech tak mohou hrat wyznamnou roli

v pochopeni téchto komplikovanych vztahi

zanétlivé odpovédi u parodontitidy potvrdila studie
na potkanim modelu, jejiz vysledky naznacuji, ze
DM mtze zvySovat produkei IL-1B, tumor nekroti-
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zujiciho faktoru-alfa (TNF-a) a lipopolysacharidi
(LPSs) v parodontalnich tkanich [17]. V nedavno
publikované studii bylo zjisténo, Ze IL-1p a TNF-a
mohou ovliviiovat inzulinovou rezistenci a posko-
zeni B-bunék pankreatu [27]. Protektivni role je pak
pfisuzovana IL-1RA, jehoZ vy3si exprese ve slinach
byla pozorovana u pacient s T2DM a zdravym pa-
rodontem [12].

Proteiny IL-la, IL-1B a IL-1RA jsou kddovany
geny IL-14, IL-1B a IL-IRN, které jsou soucasti IL-1
genového klastru o velikosti 430 kb lokalizovaného
na chromozomu 2q14-g21 [37]. Polymorfismy v téch-
to genech mohou pfispét ke zménim v produkci
pifsludnych cytokini a jsou intenzivné zkoumany
u riznych zanétlivich chorob. Existuji také studie
u pacientii s T2DM zabyvajici se vztahem mezi pa-
rodontitidou a variabilitou v IL-1 genovém klastru
[11, 22, 28],

Interleukin-6

Patogeneze obou onemocnéni je spojena i s vy-
sokymi hladinami IL-6 [10, 29, 39], pleiotropniho
cytokinu zapojujiciho se do regulace imunitniho
systému a zanétlivych procesil, hernatopoezy a me-
tabolismu kosti. IL-6 také ovliviiuje inzulinovou
rezistenci v jatrech i tukové tkani a spolecné s dal-
§imi prozanétlivymi cytokiny se muzZe podilet na
poikozeni p-bunék Langerhansovych ostrivki [21].

JelikoZ mira exprese IL-6 genu miiZe byt ovlivnéna
polymorfismy v jehe promotorové oblasti [41], probi-
haji intenzivni studie zkoumajici jednonukleotidové
polymorfismy (SNPs) -174G/C (1s1800795), -572G/C
(rs1800796) a -597G/A (rs1800797) u pacientil s CP
s/bez DM ve stovnani se zdravymi kontrolami [35, 36,
42], Nieméné dosavadni analyzy v razliénych popula-
cich, které zkoumaly pfedeviim rozdily v alelickych
a genotypovych frekvencich jednotlivych polymor-
fismii, jsou obdobné jake u studif zabyvajicich se
variabilitou v IL-1 genu rozporuplné.

Cil prace

Cilem nasi studie bylo analyzovat nejenom alelo-
vé a genotypové distribuce polymorfismu ve vybra-
nych cytokinech, konkrémé IL-1a a p, antagonisty
jeho receptoru a IL-6, ale zamérfili jsme se téZ na
moZnou asociaci jejich alelickych kombinaci (tzv,
haplotypt) s CP s/bez DM.

MATERIAL A METODY

Popis souboru a klinické vysetieni

Do studie piipadi a kontrol (tzv. case-control
study) jsme vybrali 590 nepiibuznych osob z regionu
jiini Moravy, které jsme vy3etfili v letech 2005 az
2015 na Parodontologickém oddéleni Stomatologicks
kliniky Fakultni nemocnice u svaté Anny v Brné
(H.P.,].V., A.F.). Kritéria pro zafazeni do studie byla
nasledujici: vék vy nez 30 let, piitomnost vice neZ
16 vlastnich zubfi (kromé tfetich moldrli), pacienti
nesmeéli podstoupit parodontologickou lécbu béhem
uplynulych esti mésict anebo uzivat v poslednich
tfech mésicich antibiotika. Ze studie jsme vyloucili
téhotné a kojici Zeny, pacienty po transplantacich
organtl, osoby se zavaznymi systémovymi chorobami
(hematologicka, onkologickd a autoimunitni one-
mocnéni, infekce HIV) a pacienty dlouhodobé uzi-
vajici kortikosteroidy, imunosupresiva a nesteroidni
antiflogistika. Zdkladni charakteristika pacienti
i kontrolnich osob je uvedena v tabulce 1.

U pacientii s CP i osob bez parodontitidy jsme ode-
brali celkovou a stomatologickou anamnézu, detailné
klinicky vySetfili stav chrupu a parodontu a provedli
rentgenologické vySetfeni. Pomoci parodontalni son-
dy UNC-15 jsme provedli na kazdém zubu méteniaza-
znamenali hloubku parodontilnich chobotil (probing
pocket depth, PD) ve ¢tyfech lokalitach (distdlng, ves-
tibularné, mezidlné, oralné). Ve stejnych lokalitach
jsme méfili velikost gingivalnich recesii (GR) a zapsali
jsme i lokality s viTaznou hyperplazii gingivy. Z téch-

Tah. 1 Demograficka a klinicka data pacientd s CP, CP+TIDM, CP+T2DM a kontralnich osob

" Kontroly cp CP+TIDM CP+T2DM
Charakteristika N= 226 N=248 N=36 N=80
WEK (pramérny vek+S0) 52810 54 4+8.0 ADE+96 65,6+9.6

| Pohlavi (muzi/zeny) | 151 7431 16/20 40740
Koufen (nefanc, %) 726,274 713/29.7 7787222 87723

| Doba trvani diabetu (roky£SD) | 24,7816 0.2+8.7
PD (primér v mmzSo) 1.21+0,30 2,23+0,76 354093 380103

| GR (primer v mm:SD) | om0 0722053 087:077 1092078
CAL {prumér v mm=SD) 1,38+0.25% 296101 4 414148 488+ 31

CAL = klinicka ztrita Gponu, CP = chronickd parodontitida, GR = gingivilni recesy, N = pofet jedinc(, PD = hloubka parodontalnich chobotd,
SO = smérodatna odchylka, TIDM = diabetes mellitus 1. typu, T2DM = diabetes mellitus 2. typu
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to idajil jsme nasledné vypoéitali klinickou ztratu
tuponu (clinical attachment loss, CAL).

Zkoumany soubor zahrnoval:

i} 226 zdravych osob, které netrpély CP, DM ani
jinymi systémovymi chorobami podle vyie uvede-
nych kritérii. Osoby zafazené do kontrolni skupiny
mély hodnotu CAL mensi nez 2 mm,

ii) 364 pacienti s generalizovanou CP, ktefi spliio-
vali diagnostickd kritéria definovana podle American
Academy of Periodontology (AAP) [2]. Mezi krité-
ria pro zafazeni pacientd do této skupiny patfilo:
minimalné 30 % postiZenych zubll a CAL = 2 mm.
Tyto pacienty jsme ddle rozdélili do tii podskupin
v zavislosti na pfitomnosti onemocnéni a typu DM:

1. 248 pacientii bez DM a jinych systémovych

onemocnéni,

2. 36 pacientli s TIDM,

3, 80 pacientd s T2ZDM.

U pacientil s DM jsme zaznamenali hladiny gly-
kémie, glykovaného hemoglobinu (HbAlc) a lipidi
{celkovy cholesterol, HDL, LDL a triacylglyceroly), viz
tab, 2, dale farmakoterapii a informace o komplikacich
spojenych s DM podle zdravotni dokumentace z diabeto-
logickych ordinaci. Do studie jsme zafadili jen ty osoby
s DM, u kterych onemocnéni trvalo déle neZ tii roky.

Studie byla schvalena Etickou komisi Lékatské
fakulry Masarykovy univerzity a Fakultni nemocnice
u svaté Anny v Brné, Pisemny informovany souhlas
podepsaly viechny osoby pied zafazenim do studie
v souladu s Helsinskou deklaraci.

Izolace DNA a genotypizace

Izolaci DNA a stanoveni genotypi pro SNPs v IL-1
genovém klasteru: IL-1A -889C/T (rs1800587), IL-1B
+3953C/T (rs1143634) a variabilniho poétu tandemo-
vych repetic (VNTR polymorfismus) ve 2. intronu

Tab. 2 Koncentrace glukézy v krvi (glykémie), glykovaného
hemoeglobinu a lipid( u pacientl s CP+TIDM a CP+T2DM

Charakteristika CP+TIDM CP+T2DM p
glykémie (mmaol/£5D) | 73442 34 F57+213 0,61
HhAle 693621156 | 58,26+15,66 0.00*
{mmel/maol+S0)

celkovy cholestaro 4,780,772 4,77+1,01 0.94
{mmol/|1£5D)

HEL {(mmol/1:SD) 165+0,39 133063 0.01*
LDL {mmel/1+S0) 2704064 281292 056
TAG (mmol/1£5D) 1.01£0,64 1962114 0.001*

CP = chronickd parodontitida, HbAlc = glykovany hemoglobin, p =
p-hodnaota, SD = smérodatnd odchylka, TAG = tracylglyceroly, TIDM
= diabetes mellitus 1. typu, T2DM = diabetes mellitus Z. typu, *p < 0,05

genu pro IL-IRN jsme provedli podle jiz dfive publi-
kovanych protokolt [16] (P.B.L., J.K.).

Analyza polymorfismii v promotoru IL-6 genu
-174G/C (1s1800795), -572G/C (rs1800796) a -597G/A
(rs1800797) byla zaloZena na principu polymerazové
fetézové reakce (PCR) s naslednou restrikei vybrany-
mi enzymy; postupovali jsme podle nasich jiz diive
zvefejnénych protokelil [15] (S.V.).

Viechny genetické analyzy byly provedeny bez
znalosti osobnich a klinickych udajt vyéetfovanych
osob. U 10 % vzorkil DNA jsme stanoveni genotypfi
opakovali pro ovéfeni spravnosti analyzy.

Statistické hodnoceni

Pro hodnoceni jsme pouZili standardni metody
deskriptivn{ statistiky; pocitali jsme absolutni a re-
lativni frekvence pro kategoridlni proménné a prii-
mér se smérodatnou odchylkou pro kvantitativni
proménné. Vzhledem k normalnimu rozloZeni na-
meéfenych hodnot jsme stav parodontu i laboratorni
nalezy hodnotili pomoci analyzy variance (ANOVA).
Vyznamnost rozdili v alelickych frekvencich mezi
jednotlivimi skupinami jsme pocitali Fisherovym
exaktnim testemn. Signifikance odchylek od Hardy-
Weinbergova ekvilibria pro kazdy polymorfismus
a rozdily ve frekvencich genotypill jsme testovali po-
moci y*-testu. Haplotypovou analyzu jsme provedli
5 vyuZitim programu SNP analyzer v, 2,0, (http://
snp.istech2l.com/snpanalyzer/2.0/); hodnotu p < 0,05
jsme povazovali za statisticky vyznamnou (L.I.H.).

VYSLEDKY

Klinické vySetfeni

Postizeni parodontu u pacient s CP s/bez diabe-
tu a u zdravych osob jsme hodnotili pomoci PD, GR
aCAL, viz tab. 1. U v8ech skupin pacientl byly hod-
noty PD, GR a CAL vyznamné vy35i pfi porovnani se
zdravymi kontrolami (p < 0,01}, Statisticky vyznam-
ny rozdil jsme pozorovali i pii srovnani pacienti s CP
aCP+T2DM (p < 0,01}, Unemocnych s CP a diabetemn
obou typil jsme hodnotili také koncentraci glukézy
vkrvi, HbAlc a lipidii (celkového cholesterolu, HDL,
LDL a triacylglycerolil) ( tab. 2). A¢kali se glykémie
nalaéno neliila mezi skupinou pacientt s CP+T1DM
a CP+T2DM, hladina HbAlc byla vyznarnné vySsi
u pacientil s TIDM. Tito pacienti méli také vys-
& koncentraci HDL cholesterolu (p = 0,01) a niZsi
priiomérnou koncentraci triacylglycerolil (p < 0,01)
pri porovnani se skupinou pacienti s CP+T2DM.

Interleukin-1
Neprokdzali jsme statisticky vyznamnou aso-
ciaci alelickych ani genotypovych frekvenci IL-
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Tah. 3 Genotypové a alelové frekvence polymorfismu v /IL-18 +3953C/T (rs1143634) u pacientd s CP, CP+TIDM, CP+ T2DM a u kontrol

iL-18 +3953 C/T M (%) N (%) N (%) N (%)

cc 15¢50,9) 156 (62,93 1,00 18¢50,0) 1,60 48 (60,00 1,00

1) 95(42.0) 80(32.3) 0,62 (042080 16 (44,4 108 (0,52-220) 26(32.5) 0,66 (0,38-14)
T 16 (7.1 12048 055 (025121 2(5,6) CBC(D17-377) 6 (7.5) 090 (033-243)
C 325(N9 | 392(79.0) 100 52(722) 100 122 (76,3 00

T 127¢281) | 104 (21.0)* | 0,68 (050-08N0 20(27.8) 0,98 (057171 3B (23,8) Q.80 (0.52-1.21)

Cl = interval spolehlivosti, CP = chronicka parodontitida, /L-7 = interleukin-1, OR = pomér Sanci, TIDM = diabetes mellitus 1. typu, T2DM = diabetes

mellitus 2. typu *p < 0,05

1A -889C/T (rs1800587) SNP a VNTR ve 2. intronu
IL-TRN, ale nalezli jsme rozdily ve frekvencich alel
IL-1B +3953C/T mezi zdravymi kontrolami a pacienty
sCP{p<0,02)(tab. 3). Také frekvence tzv. ,double
genotypu” sloZzeného z IL-14 -889C/T a IL-1B +3953C/T
SNPs, ktery byl dfive oznacovany jako ,s paro-
dontitidou asociovany genotyp*, nebyla mezi jed-
notlivymi skupinami statisticky vyznamné roz-
dilna.

Pro haplotypovou analyzu, pii které jsou sledo-
vany frekvence kombinaci jednotlivych typa alel
zkoumanych polymorfismil, jsme alely s vice neZ
dvéma repeticemni oznadili jako IL-IRN*L (dlouha ale-
1a) a alelu se dvéma repeticemi jako IL-IRN*S (kratka
alela) [16]. Vysledky haplotypové analyzy ukazuji,
Ze s rizikem CP je podle aditivniho modelu vysoce
signifikantné asociovan haplotyp TTL (p < 0,01,
OR = 0,64, 95% CI = 0,465-0,890). CCL haplotyp
jsme shledali rizikovy (p < 0,05, OR = 1,94, 95% CIL
=1,068-3,506) u pacientii s CP a T2DM v recesivnim
modelu, stejné tak jako CTL haplotyp (p< 0,05, OR =
3,03, 95% CI=1,081-8,483) u pacientil s CP a TIDM ve

srovnani se zdravymi osobami podle dominantniho
modelu (tab. 4).

Interleukin-6

Ani v pfipadé sledovanych SNPs v promotoru
IL-6 genu jsme nenaéli statisticky vyznamny rozdil
ve frekvencich alel a genotypll mezi pacienty s CP
a zdravymi jedinci. Analyzou haplotypl jsme proka-
zali signifikantni rozdil ve frekvenci haplotypu GGG
mezi skupinou pacientti s CP a kentrolami (p < 0,03,
OR=1,679, 95% CI =1,050-2,685) podle recesivniho
modelu. Nepozorovali jsme ale statisticky vyznam-
né rozdily ve frekvencich haplotypl u pacientii s CP
v kombinaci s TIDM nebo T2DM v porovnani se zdra-
vymi jedinci (tab, 5).

Souvislosti mezi diabetem a onemocnénim pa-
rodontu jsou znamé jiz fadu let. Véréina autorii
se shoduje v tom, Ze diabetes zvySuje prevalenci,

Tab. 4 Frekvence /L-7 haplotyp( u pacient( s CP, CP+T1DM, CP+T2DM a u kontrol

C C L 04319 04857 04749 0,5159°
C C 5 0.2153 0.2185 1861 0.1878
T T £ 02146 01342° 01661 D676
T C L 0,0497 0,0690 00339 0,0322
€ ) L 00318 00248 0.,0890" 0,0156
T C 5 0,0222 0,027 00273 0.0266
T T = Q.021 0.0378 00227 0.,0361
c 1 S 0,0136 0,0029 - 00182

CP = chronickd parodontitida, IL-1 = interleukin-1, TIDM = diabetes mellitus 1. typu, T2DM = diabetes mellitus 2. typu
§Pro haplotypovou analyzu byly alely s vice nez dvémi repeticemi slougeny do skupiny s nazvem IL-IRN'L (,,long” alela), alela s dvémi repeticemi

byly oznacena jako IL-TRN'S (,short“alela).
plotypy [sou sefazeny & dle frekvence haplotypi u kontrol.
“p < 0,05 vs. kontroly
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Tab. 5 Frekvence IL-6 haplotypl u pacientii s CP, CP+TIDM, CP+T2DM a u kontrol

Kontroly cP CP+TIDM CP+T2DM
IL-6 -174G/C IL-6 -572G/C IL-6 -597G/A
G G G 0,459 0.,5228* 0.5000 05088
(= G fat 0,445 04214 03649 04222
G C G 0.0645 0,0423 01216 0,0498
G G A 0,0340 0 0 0
C G G 0,0230 0,0135 0,0135 0,0193
(5 C A 0,0046 0 0 0
CP = chronicka parodontitida, /L-6 = interfeukin-6, TIDM = diab mellitus 1. typu, T2DM = diabetes mellitus 2. typu
Haplotypy Jsou tupné podle fr haplotypil u kantrol.
"p < 0,05 vs. kontroly

Pozn. PFi analyze polymorfismil v /L-6 genu jsme sledovali alelické, genotypové a haplotypové frekvence pouze u 181 zdravych oscb, 223 pacientl

5 CP, 36 pacientd s CP a TIDM a 78 pacientii s CP a T2DM.

incidenci, progresi a zavaZnost parodontitidy [13,
40]. Podle piedpokladii byly hodnoty PD, GR i CAL
statisticky vyznamné vy$si ve viech skupindach pa-
cientil ve stovnani se zdravymi kontrolami. Nejhorgi
stav parodontu (s nejvétsi klinickou ztratou tiponu)
jsme pozorovali u pacienti s CP+T2DM, a to i pies
fakt, Ze v této skupiné bylo nejméné kufakil a pa-
cienti trpéli DM méné nez polovinu let ve stovnani
s pacienty s TIDM, Pacienti s T2DM vsak byli o vice
nez patnact let starsi nez osoby v ostatnich skupi-
néch. Zajimavym nalezem byly stejné koncentrace
glykémie u pacientii s TIDM a T2DM, aviak vyrazné
vys&l hodnoty HbAlc u pacientil s TIDM. Zvysena
koncentrace triacylglycerolil a sniZzena hladina HDL
cholesterolu u pacienti s T2DM odpovida typickému
obrazu ,diabetické dyslipidémie* [7].

Interleukin-1

Asociaci IL-1A -889C/T (rs1800587) polymorfismu
u pacient( s CP s/bez DM v éeské populaci jsme ne-
prokazali, coZ je v kontrastu s vysledky metaanalyzy
Karimbuxe a kol. [19]. Dosud nebyla publikovana
prace zabyvajici se tirnto polymorfismern u pacient
s TIDM, ale u pacientil s T2DM byla varianta v pozici
-889 IL-1A, konkrétné alela T, asociovidna s vys§im
rizikem T2DM u muzi, zatimco u Zen méla tato
minoritni alela opa¢ny, tedy protektivni, ale rovnéz
signifikantni efekt [24].

Z vysledkil nasi studie vyplyva, Ze polymorfis-
mus IL-1B +3953C/T (rs1143634) miiZe hrat roli v etio-
patogenezi CP v ceské populaci, kdy se alela T jevi ja-
ko protektivni. Tato pozorovani podporuji nami dfive
zjisténou asociaci C alely IL-1B +3953 polymorfismu
s rizikem rozvoje CP [14]. Nicméné funkéni vyznam
SNPs IL-1B +3953C/T varianty v korelaci s produkeci IL-
1B neni jesSté dostatecné zmapovan a dosavadni stu-
die poskytuji kentroverzni vysledky [25]. U pacientd

s CP a DM jsme vyznamny vztah ke studovanému
IL-1B polymorfismu neprokazali, ac¢koli Krikovsky
a kol. [20] povaZuji T alelu u SNP IL-1B +3953 (ozna-
Covanou také jako +3954) za rizikovou u déti s TIDM.
Alela T v pozici +3953 [L-1B genu byla také jiz dfive
spojena s vyssi koncentraci glukdzy v krvi u pacien-
tli s DM [23] a Guzman a kol. [11] nalezli marginalni
vztah mezi polymorfismem v pozici +3953C/T IL-1B
genu a vyskytem parodontitidy v diabetické popula-
ci. Struch a kol. [38] ve své praci uvadéji, ze pacienti
s T2DM maji zvySené riziko CP, které dale narfista pii
uréité kombinaci variant IL-1A/IB genotypu. Nicméné
v ceské populaci jsme statisticky vyznamny rozdil ve
frekvenci tzv, ,double genotypu* slozeného z IL-1A
-889C/T a IL-1B +3953C/T SNPs mezi skupinami paci-
entfl ve srovnani s kontrolami nenasli.

Vzhledem k tomu, Ze prozanétlivy potenciil IL-1a
a IL-1B je regulovan endogennimi inhibitory, jakymi
jenapf. antagonista IL-1 receptoru, také variabilita
vjeho genu by mohla hrat diilezitou roli v etiopato-
genezi danych onemocnéni. V nasi studii jsme v8alk
nezjistili vvznamny vztah mezi IL-IRN (VNTR, 86 bp
v intronu 2) variantami u pacientt s CP s/bez DM, coz
je v souladu s vysledky metaanalyzy od Ding a kol.
[9], kde IL-IRN VNTR byl asociovan pouze s agresivni,
ne viak s chronickou parodontitidou, V egyptské
populaci byla frekvence kratké alely IL-IRN*S a ge-
notypu tvofeného kombinaci dvou kratkych alel
(tj. IL-TRNSS) niZ3i u pacientli s TIDM ve srovnani se
zdravymi kontrolami [34] a v indické populaci tuto
kratkou alelu spolecné s IL-TRNSS genotyperm asocio-
vali s rizikem rozvoje T2DM [1, 5].

S nasimi vysledky koresponduji pozorovani v chil-
ské populaci, kdy Lopez a kol. [22] neprokazali vy-
znamné rozdily v alelickych ani genotypovych frek-
vencich polymorfismil IL-14 -889C/T, IL-1B +3953C/T
a IL-IRN VNTR mezi pacienty s CP s/bez T2DM, na
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druhou stranu vSak potvrdili asociaci TT genotypil
obou polymorfismi IL-1A -889C/T i IL-1B +3953C/T
s vyskytem CP. Domnivime se, Ze diskrepance me-
zi vysledky riznych studii je zapfi¢inéna nejenom
populacnimi rozdily, ale pfedeviim dosud nedosta-
tetnou komplexnosti genetického vySetfeni. Proto se
priklanime k haplotypové analyze, kterd, na rozdil
od analyz jednotlivych genovych variant, poskytuje
ucelenéjéi pohled na vztah polymorfismi v IL-1 ge-
novém klastru k CP a DM.

Pfi strovnani haplotypovych frekvenci se hap-
lotyp TTL, slozeny z IL-1A -889C/T, IL-1B +3953C/T
a IL-IRNS/L VNTR, zda byt protektivni k rozvoji CP.
Predpokladame, Ze diive popsany ,ochranny* vliv
T alely IL-1B +3953C/T polymorfismu na rozvoj CP
v nasi populaci, se uplatriuje také u TTL haploty-
pu u stejné skupiny pacientii. Uréitou roli rovnéz
mizZe hrit poet repetic v IL-IRN genu, nebot pti
porovnani frekvenci TTL a TTS haplotypii u pacien-
tll s CP a zdravych kontrol je ten s kratkou alelou
(2 repetice) v IL-IRN VNTR spise rizikovy pro rozvoj CP.
U pacientii s kombinaci CP a TIDM m{Zeme oznadit
jako rizikovy haplotyp CTL, zatimco CCL haplotyp
zvy$suje riziko vzniku CP a T2DM. Z dlvodu rozdilné
etiopatogeneze onemocnéni TIDM a T2DM nejsou
vysledky haplotypové analyzy prekvapujici.

Interleukin-6

Také polymorfismy v promotoru genu IL-6 jsou
kvali jejich moznému vlivu na miru exprese tohoto
cytokinu [41] intenzivné zkoumany. Metaanalyza
nékolika studii potvrdila asociaci IL-6 -174G/C
(rs1800795) polymorfismu s CP pouze u brazilské
populace, zatimco alela G IL-6 -572G/C (rs1800796)
varianty byla spojena s rizikem rozvoje CP bez za-
vislosti na etnicité populace [36]. V nasi studii jsme
neprokazali vztah jednotlivych alel ¢i genotypil
SNPs IL-6 -174G/C (rs1800795), -572C/C (rs1800796)
a -597G/A (rs1800797) K rozvoji CP u pacientil s/bez
DM. V cinské populaci byla protektivnim faktorem
pro CP s T2DM alela C polymorfismu IL-6 -572C/C
(rs1800796) [42] a u indické populace alela A poly-
morfismu IL-6 -597G/A (rs1800797) [35]. Rozdilné
vysledky jednotlivych studii mohou byt dany jed-
nak odlidnou frekvenci polymorfismii v riznych
populacich a také tim, Ze se nebere v potaz moz-
nost vzajemného ovliviiovani jednotlivych SNPs.
Polymorfismy totiz nemusi pfi transkripci IL-6 genn
plsobit aditivné, ale spise skrze sloZité interakce
definované haplotypem [41].

Ackoliv jsme u skupin pacientfi s kombinaci obou
onemocnéni (tj. s CP s TLIDM/T2DM]) nepozorovali sig-
nifikantni rozdily ve frekvencich IL-6 haplotypil, ha-
plotyp G(-174)/G(-572)/G(-597) byl v naéi studii spojen

s rizikem rozvoje CP. JelikoZ je patogeneze parodon-
titidy spojena se zvySenou hladinou IL-6 [39], mohl
by byt haplotyp GGC v porovnani s ostatnimi haplo-
typy vice transkripéné aktivni. Tento piedpoklad je
v souladu s experimentem, pii kterém konstrukty
s haplotypem CCC transfekované do bunék a na-
sledné stimulované IL-1 vykazovaly oproti ostatnim
konstruktim s odlisnymi haplotypy vyssi transkripci
[41]. Vysledky pokush zabyvajici se u zdravych jedincti
s riznymi haplotypy koncentraci IL-6 v plné krvi po
stimulaci LPSs jsou protichiidné. Miiller-Steinhardt
a kol. [26] namerili pfi tomto experimentu u ho-
mozygotnich nositell genotypu GGG v porovnini{
s ostatnimi genotypy niz$i mnozstvi produkovaného
IL-6. V kontrastu s touto studii je prace od Rivera-
Chavez a kol, [31], ktefi pozorovali u homozygotii
GGG ve srovnani s ostatmimi genotypy vy3&i hladinu
IL-6, coZ je v souladu s nasimi zavéry, Rozporuplné
vysledky vyse zminénych dvou studii mohou byt
zplsobeny pouZitim riznych protokoll pro inkubaci,
stimulaci plné krve, méfeni koncentrace IL-6 ¢i exis-
tendi jinych nez zkoumanych SNPs podilejicich se na
expresi IL-6. Dal$im limitem téchto pokusil je jejich
ex vivo provedeni, tudiz se mimo jiné nezohlediuje
vliv polymorfismu Asp358Ala (+48892A/C, 152228145)
v genu pro receptor interleukinu-6 (IL-6R), Ktery in vivo
zvySuje hladinu IL-6 v plazmé [30].

Limitac{ nasi studie je pocet pacientfi s CP a sou-
tasné s DM, coz je disledek relativné pfisnych kri-
térii, ktera pro zafazeni do této podskupiny dodr-
Zujeme. Nizké pocfty zahrnurych pacientti v téchto
skupinach, mohou byt diivodem negativnich vysled-
kil z diivodu nizké ,sily testu”, Na druhou stranu
jsou jedinci, zahrnuti do skupin pacientt a zdravych
kontrol, velmi dobfe anamnesticky a klinicky vy-
Setfeni, studovana kohorta je etnicky homogenni
a velikost souboru pacientil s CP bez DM a osob bez
parodontitidy je v porovnani s jinym studiemi tohoto
charakteru vyrazné vatsi.

ZAVER

Zavérem lze fici, Ze polymorfismus +3953C/T
(rs1143634) v IL-1B genu milZe ovliviiovat nachylnost
k CPv &eské populaci, aviak pro ucelengjsi pochopeni
vlivu variability ve studovanych genech vybranych
cytokind je vhodnéjsi haplotypova analyza. Uréité
haplotypy v IL-1 a IL-6 genech lze povazovat za ri-
zikové, ¢i naopak protektivni pfi rozvoji danych
onemocnéni. Domnivame se, Ze vysledky nasi prace
mohou byt vyuZity k lepSimu porozuméni vztahu
mezi CP a DM na molekularni irovni a v budoucnu
piispéji ke zlepSeni diagnostiky, pfipadné terapie
téchto komplexnich chorob.
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