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PREDICTION TO HYPERTROPHIC FORMS OF GINGIVITIS IN CHILDREN WITH
GENETIC ASSESSMENT
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The study is dedicated to searching for genetic factors that determine the predisposition to children's hypertrophic and
catarrhal forms of gingivitis. The study involved children with hypertrophic gingivitis (12 patients) and chronic catarrhal gingivitis
(16 patients). Because of the study, it was found that hypertrophic gingivitis and chronic catarrhal gingivitis differed significantly
in the distribution of polymorphism genotypes TNFRSF1B, MMP1B and TGFBI1 in examined patients. No difference was found
between the groups by rs1800629 TNF-alpha-308G>A, rs1800795 IL6-174G>C, rs3024491 IL10-1082G>A and rs1800012
COL1A1 IVS1 2046G>T polymorphisms. The results obtained, in our opinion, should be taken into account in the development
of treatment and prevention measures to support the dental treatment of children with hypertrophic gingivitis.
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TEHETUYHA OIIHKA CXUJIBHOCTI JO I'NMNEPTPO®IYHOI ®OPMHU I'HI'IBITY
Y JITEA

Jlocii/KEeHHsT TIPUCBSAYCHO MOIIYKY TIEHETHYHHX YHHHHKIB, 110 BHU3HAYAIOTh CXWIBHICTH 1O TineptpodiyHoi Ta
KaTapanbHO1 (OpM TiHTIBITY y AiTedl. B qocmimkeHHi npuiiMany y4acTsb rpymu AitTeld 3 rineprpodidaum ridrisirom (12 narieHris)
Ta 3 XPOHIYHMM KaTapaibHuUM TiHriBiToM (16 marieHTtiB). Y pe3yibpraraXx MPOBEASHOrO IOCHIMKEHHs OyJIo BHSBICHO, L0
rinepTpodiuHUl TIHTIBIT i XPOHIYHUN KaTapalbHHUM TIHTIBIT CYTTEBO BiJPI3HSIMCS 3a PO3IOALIOM TEHOTHIIB MONMiMOpdizMy
TNFRSF1B, MMPI1B i TGFB1 y o6ctexennx nauientis. He Oyio 3HalineHo Oy ap-sk0i pi3HUILI MK IpyHaMu 3a nojiMopdizMamu
rs1800629 TNF-alpha-308G>A, rs1800795 IL6-174G>C, rs3024491 IL10-1082G>A Ta rs1800012 COL1A1 IVS1 2046G>T.
OtpumaHi pe3ynbTaTH, Ha HAIl MOTJIL, HEOOXIMXHO BpaxoBYBAaTH IIPH PO3pOOI JIIKYyBAILHO-NPO(MUIAKTHYHUX 3aXO/IiB
CYHPOBO/KEHHS CTOMATOJIOTYHOTO JIIKYBaHHS JiTeH 3 TinepTpoQidHUM TiHTiBITOM.

KurouoBi ciioBa: 1iTH, 3aXBOPIOBAaHHS TKAHMHH ITAPOJIOHTY, MOJIMOP(]i3MH TeHiB, OyKalbHHUI emiTeNii, mojiMepasHa
JIAHIIOTOBA PEaKIisl.

The study is a fragment of the research project “Correction of pathogenetic mechanisms of carbohydrate and lipid
metabolism disorders in the body and tissues of the oral cavity in patients depending on environmental and nutritional factors
affecting carbohydrate and lipid metabolism”, state registration No. 0118U006966.

Hypertrophic gingivitis (HG) is accompanied by hyperplastic processes in the form of reactive
growth of fibrous elements of the connective tissue base and basal cells of the gum epithelium. The
immediate causes of hypertrophic gingivitis can be local factors such as occlusal and individual tooth
abnormalities, unsatisfactory prosthetic constructions, improper fillings, dental plaque, poor hygiene at
wearing orthodontic appliances and common factors: diseases of the nervous system, endocrine system
leukemic reticulosis), medication, vitamin C deficiency, hormonal changes in the body [15].

The nature of the inflammatory reaction to plaque bacteria and hyperplastic processes in the tissues
of the gums are deeply individual and largely determined by genetic factors [7]. A number of studies have
shown that carriers of certain alleles of some cytokine genes have an increased risk of gingivitis or
periodontitis [14].

TGF-f1 is a multifunctional cytokine involved in the epithelial-mesenchymal transition, in which
epithelial cells acquire the phenotypic properties of mesenchymal cells, which leads to fibrosis of various
organs [10]. The rs1800471 TGFB1 915 G>C (Arg25Pro) polymorphism in codon 25 is associated with
the replacement of arginine by proline.

MMPI1, or intratissue collagenase, is a member of the matrix metalloprotease family,
extracellular zinc-dependent endopeptidases that play an important role in the remodeling and
destruction of all types of extracellular matrix proteins. MMP together with the tissue inhibitor of
metalloproteinases TIMP1 play an important role in the physiological remodeling of the periodontium
and the response to mechanical action during orthodontic treatment. Inhibition of MMP by synthetic
inhibitors has been shown to reduce orthodontic movement of teeth. Rs1799750 is a relatively common
insertional polymorphism at position-1607 of the MMP1 gene promoter. It is believed that the insertion
genotype (2G/2G) leads to higher transcriptional activity of this gene, which contributes to more intense
collagen breakdown [9].
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Thus, the identification and verification of genetic markers of periodontal disease and the
introduction of biomarkers in clinical practice should improve the diagnosis of periodontal disease, monitor
their progression and response to treatment, as well as the development of personalized medicine in
periodontology.

The purpose of the study was to establish the genetic factors that determine the predisposition to
hypertrophic and catarrhal forms of gingivitis in children.

Materials and methods. The group of children with hypertrophic gingivitis (HG) included 12
children (8 patients with grade 1-2 fibrous form and 4 patients with grade 1 edematous form). The group
of patients with chronic catarrhal gingivitis (CCG) included 16 children (12 patients with local CCG grade
1-2 and 4 patients with severe CCG grade 2-3).

Isolation of DNA from buccal epithelial cells was performed according to a modified method using
Chelex 200ul of a 5 % solution of Chelex [12]. 200 ul of a 5 % solution of Chelex 100 in sterile distilled
water (Chelex sodium, 100-200 mesh, Bio-Rad) was added to a test tube (Eppendorf) containing an
epithelial cell scraping applicator. Before adding the resin, it was stirred to a homogeneous state with a
pipette with a wide hole and an aliquot was taken directly during stirring. Incubate at 56° C for 30 min with
constant stirring on a thermoshaker. Then incubated at 96° C for 8 min, requires shaking periodically. After
incubation, it is centrifuged for 3 min at 12,000 g (Eppendorf Centrifuge 5424). The concentration and
purity of the DNA specimen were determined spectrophotometrically (Nanophotometr, Implen), taking an
aliquot of 5 pl directly from the tube with the DNA solution. For polymerase chain reaction (PCR), 5 pl of
supernatant was selected.

Allelic variants of rs1800629 polymorphisms TNF-alpha-308G>A, rs1800795 IL6-174G>C,
r$3024491 IL10-1082G>A, rs1799750 MMP1-1607 ins G, rs1800471 TGFB1 915 G>C evaluated by
allele-specific polymerase chain reaction (PCR) [4, 5]. Amplification of the studied gene regions was
performed in parallel in two tubes (Eppendorf) for the normal and mutant alleles of each gene in 20 pl of
buffer solution and 100 nm of each oligonucleotide primer using kits “SNP-express-EF” NPF Litech-150
NG DNA. The control sample was diluted with 5 pl of diluent in both types of reaction mixture and
amplified on an Analytik Jena thermal cycler (Flex Cycler, Germany) according to the manufacturer's
instructions.

Polymorphisms rs1800012 COL1A1 IVS1 2046G>T and rs590368 TNFRSF1B-3609C>T were
genotyped by PCR-RFLP (restriction fragment length polymorphism) with appropriate primers.
Amplification was performed on a thermal cycler “Analytik Jena” (Flex Cycler, Germany). To detect allelic
variants of rs1800012 COL1A1 IVS1 2046G>T amplicons were treated with restriction enzyme Pvull
(Fermentas, Lithuania), rs590368 TNFRSF1B-3609C>T — restriction enzyme M3IF.

Fractionation of the amplification and restriction products was performed in a horizontal 2 %
agarose gel prepared on disposable trisborate buffer (1XTBE) at a voltage of 100V for 45 minutes.
Molecular weight marker — pUC19 DNA: MSP1. Agarose gel was stained with ethidium bromide and
visualized in ultraviolet light.

Statistical analysis of the results, including the Hardy-Weinberg Equilibrium (HWE) test and the
assessment of the association of genotypes and alleles with CCG and hypertrophic gingivitis by Pearson's
¥> method, was performed using the DeFinetti genetic statistics program. Associations were characterized
by an odds ratio (OR) with a 95 % confidence interval. Values of p<0.05 were considered statistically
significant.

Results of the study and their discussion. Genotyping of groups of children with HG (n=12)
and CCG (n=16) by single nucleotide polymorphisms rs1800629 TNF-alpha-308G>A, rs1800795 IL6-
174G>C, rs560F9-1082G>A, rs1800012 COL1A1 IVS1 2046G>T, rs1799750 MMP1-1607 ins G and
rs1800471 TGFB1 915 G>C (Arg25Pro) [2]. The frequency distribution of genotypes, the
correspondence of their distribution to Hardy-Weinberg Equilibrium (HWE), as well as the differences
between the groups regarding the frequency distribution of genotypes and alleles were analyzed in the
studied groups. Deviations in the distribution of genotypes from those theoretically calculated in HWE
were found in the group of hypertrophic gingivitis for rs590368 TNFRSF1B-3609C>T, in the group
with CCG for rs1800012 COL1A1 IVS1 2046G>T and for rs1800471 TGFB1 915 G>C (Arg25Pro)
in both groups.

Distribution and comparison of frequencies of genotypes and alleles of polymorphisms of TNFa,
TNFRSF1B, COL1A1 and MMP1 genes in different groups of children with chronic catarrhal gingivitis
and hypertrophic gingivitis are presented in tables 1 and 2.
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Table 1
Distribution and comparison of frequencies of genotypes and alleles of polymorphisms
of TNFa, TNFRSF1B genes in examined children
Poly-morphism rs1800629 TNF-alpha-308G>A
Genotype, allele GG GA AA G A HWE p-value
CCG, n 6 10 0 22 10 0.199
(frequency) (0.375) (0.625) (0.000) (0.688) (0.312)
HG, n 0 16 8 0.148
(frequency) 4(0333) 8 (0.667) (0.000) (0.667) (0.333)
Frequency GA+AA<>GG AA<>GG+GA
comparison ASG GA<> GG DM RM B B
OR (é ;gg_ (é fg 8_ 1.200 1.400 _ _
(95 % CI) 5.445) 11.052) (0.130-11.052) (0.020-97.428)
’ p-value 1.001 0.872 0.872 1.000 - -
rs590368 TNFRSF1B-3609C>T
Genotype, allele CC CT TT C T HWE p-value
CCG, n 10 6 0 26 6 0514
(frequency) (0.625) (0.375) (0.000) (0.813) (0.187) )
HG, n 8 8
(frequency) 4(0.333) 0 (0.000) (0.667) (0.333) 16 (0.667) 0.014
Frequer}cy T<C CT<> CT+TT<>CC DM TT<>CC+CT B B
comparison CC RM
8.667 0.314 19.800
OR 3.333
(1.526- (0.011- (0.744— - -
(95 % CD 49.220) 8.684) (0.362-30.701) 527.260)
12 p-value 0.019 0.301 0.280 0.022 - -
N o t e . CI — confidence interval; DM — dominant model; RM — recessive model.
Table 2
Distribution and comparison of frequencies of genotypes and alleles of polymorphisms
of COL1A1, MMP1 genes in examined children
Poly-morphism rs1800012 COL1A1 IVS1 2046G>T
Genotype, allele GG GT TT G T HWE
p-value
CCG,N 10 2 4 22 10 0.045
(frequency) (0.625) (0.125) (0.250) (0.688) (0.312)
HG,N 6 4 10 0.944
(frequency) 20.167) (0.500) (0.333) 0.417) 14 (0583)
Frequency GT<> TT<>GG+GT
comparison TG GG GT+TT<>GG DM RM - -
OR (3 223_ (1056%(;0— 8.333 5.000 _ _
(95 % CI) 14.662) 339.55) (0.631-110.022) (0.273-91.518)
1 p-value 0.152 0.065 0.086 0.260 - -
rs1799750 MMP1-1607 ins G
HWE
Genotype, allele 1G1G 1G2G 2G2G 1G 2G
p-value
CCG,N 10 4 2 24 8 0.346
(frequency) (0.625) (0.250) (0.125) (0.750) (0.250)
HG, N 2 8 0.174
(frequency) 2(0.167) (0.167) (0.666) 6 (0.250) 18 (0.750)
2G2G<>
Frequeqcy 2G<> 1G2G<>1G1G 1G2G+2G2G<>1G1G 1G1G+1G2G _ _
comparison 1G DM RM
9.000 2.500 20.000
OR 8.333
(1.598- (0.100- (0.930- - -
(95 % CD 50.691) 62.605) (0.631-110.022) 429.904)
2 p-value 0.009 0.570 0.086 0.036 - -

Note. CI — confidence interval; DM — dominant model; RM — recessive model

In the study in the MMP1 gene, the insertion of G, i.e. the 2G allele was associated with HG: OR
9,000 (95 % CI 1,598-50,691), the reliability of the value of x> p=0.009. The incidence of the 2G allele in
the hypertrophic gingivitis and chronic catarrhal gingivitis groups was 75 % and 25 %, respectively;
frequency of homozygotes 2G2G of the group of hypertrophic gingivitis was 67 % against the 13 % of the
group of chronic catarrhal gingivitis. The association of this polymorphism with hypertrophic gingivitis
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corresponded to the recessive model of inheritance (2G2G<>1G1G+1G2G): the reliability of the value of
¥? p=0.036. Thus, the polymorphism rs1799750 MMP1-1607 ins G may be a factor in the predisposition
to hypertrophic gingivitis.

Distribution and comparison of genotypes and alleles of polymorphisms of TGFB1 gene in
different groups of children with chronic catarrhal gingivitis and hypertrophic gingivitis are presented in
fig. 1.

We have identified differences between the groups in distribution of genotypes and alleles of three
polymorphisms: rs590368 TNFRSF1B-3609C>T, rs1799750 MMP1-1607 ins G and rs1800471 TGFB1
915 G>C (Arg25Pro). The T-allele of the TNFRSF1B gene was associated with hypertrophic gingivitis:
OR 8,667 (95 % CI 1,526-49,220), significance of y*> p=0.019. The frequency of T-allele in the groups
with hypertrophic gingivitis and chronic catarrhal gingivitis was 67 % and 19 %, respectively, the
frequency of homozygotes TT was 67 % in the group with hypertrophic gingivitis against 0 % in the group
with chronic catarrhal gingivitis. The TT genotype was associated with the risk of hypertrophic gingivitis:
reliability of the value of x> p=0.022, which corresponds to the recessive model (TT<>CC+CT) of the
association of polymorphism rs590368 TNFRSF1B-3609C>T with this disease.

Distribution and comparison of genotypes and alleles of polymorphisms of IL6 gene in different
groups of children with chronic catarrhal gingivitis and hypertrophic gingivitis are presented in fig. 2.
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Fig.1. Distribution and comparison of genotypes and alleles Fig.2. Distribution and comparison of genotypes and
of polymorphisms of TGFB1 gene in examined children alleles of polymorphisms of IL6 gene in examined children

In our study, the group of hypertrophic gingivitis consisted of a genotype of only heterozygotes of
GC, while in the group of chronic catarrhal gingivitis the frequency of heterozygotes was 13 %. Thus, the
GC genotype was associated with hypertrophic gingivitis: OR 39,000 (95 % CI 1,277-1190,838), which
corresponded to the dominant association model (GC+CC<>GG).

Distribution and comparison of genotypes and alleles of polymorphisms of IL6 gene in different
groups of children with chronic catarrhal gingivitis and hypertrophic gingivitis are presented in fig. 3.

i The chart above shows that the rs3024491-
1082G> A polymorphism in the anti-inflammatory
cytokine gene IL10 was not associated with
gingivitis.

It is known that the CC genotype of TNF
polymorphism is associated with fewer
CD14+cells encoding TNFRII compared to the CT
genotype [13]. Based on these data, we can assume
that the TT genotype is associated with increased
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CCG HG TNFR?2 activity and decreased apoptosis, which is

GG EGC NCC 4G 6 C one of the prerequisites for the growth of fibrous

Fig.3. Distribution and comparison of genotypes and alleles tissue in hypertrophic gingivitis [3]. The

of polymorphisms of IL10 gene in examined children TNFRSF1B-3609C>T polymorphism may be a

candidate for the genetic determinants of hypertrophic gingivitis, especially its fibrous form. The G-allele
of the rs1800795 IL6-174G>C polymorphism is associated with increased expression of the
proinflammatory cytokine interleukin 6. This polymorphism is also associated with the risk of periodontal
disease, including gingivitis [11]. The rs3024491-1082G>A polymorphism in the anti-inflammatory
cytokine gene IL10 was also not associated with gingivitis in a study by Scapoli L [11]. In our study,
however, we failed to differentiate between different forms of gingivitis based on the genotype of the
rs1800795 polymorphism. TNFRSFI1B encodes a TNFR2 membrane protein that belongs to the TNFa
tumor necrosis factor receptor superfamily along with TNFRI. If the binding of TNFa to TNFR1 induces
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cellular apoptosis, TNFR2 activation is associated with cell proliferation and survival. TNFR2 expression
is associated with the proliferation of various tumors [15]. In different populations, the frequency of the
TT genotype is 35-168 %. Hypertrophic gingivitis group in our study demonstrated a significant advantage
of this genotype compared to chronic catarrhal gingivitis and the average prevalence in populations. It
should be noted that in [6] the GC genotype was more common in the case of gastric cancer against controls.
At the same time, data on the association of a particular allele with the level of TGF-B1 in serum are very
contradictory [1, 8], which requires further research. In our study, the groups chronic catarrhal gingivitis
and hypertrophic gingivitis did not differ significantly in the frequency distribution of genotypes and alleles
of polymorphisms rs1800629 TNF-alpha-308G>A, rs1800795 IL6-174G>C, rs3024491 IL10. Analyzing
the obtained information, it can be concluded that the acquired results, in our opinion, should be taken into
account in the development of treatment and prevention measures to support the dental treatment of
children with hypertrophic gingivitis.

Kmissions i

1. Hypertrophic gingivitis and chronic catarrhal gingivitis differed significantly in the distribution
of polymorphism genotypes TNFRSF1B, MMP1B and TGFB1 in examined patients.

2. We did not find any difference between the groups of rs1800629 TNF-alpha-308G>A,
rs1800795 IL6-174G>C, 1s3024491 IL10-1082G>A and rs1800012 COL1A1 IVS1 2046G>T
polymorphisms.

3. The results obtained, in our opinion, should be taken into account in the development of
treatment and prevention measures to support the dental treatment of children with hypertrophic gingivitis.
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