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Determination of TNF-a Gene
Polymorphisms on Skeletal
Pattern in Class II Malocclusion

Simone Carvalho Levy'®, Livia Azeredo Alves Antunes?3®, Julia Guimaraes
Barcellos de Abreu?, Jullia Assis da Silva Nascimento3, Ana Carolina Kuntz3,
Walter Luis Soares Fialho* Amanda Silva Rodrigues', Ellen Cardoso Teixeira®,
José de Albuquerque Calasans-Maia?, Marcelo Calvo de Araujo®, Erika C.
Kiichler8, Leonardo Santos Antunes?3

Bone development and growth is a non-going, life-long process, varying greatly among
individuals and much of this variation could be modulated by genetic factors. The
purpose of this study was to evaluate the association between the polymorphisms in
the TNF-a gene and skeletal class Il malocclusion. Single nucleotide polymorphisms in
TNF-o. (rs1799724; rs1800629) gene were studied in 79 skeletal class Il malocclusion
and 102 skeletal class | malocclusion subjects from Straight Wire Group of Studies on
Orthodontics and Functional Orthopedics for Maxillary from Rio de Janeiro, Brazil. The
Genotyping of these selected polymorphisms was carried out by TagMan real-time PCR
using genomic DNA extracted from buccal cells. All allele and genotype frequencies were
compared between the groups using the PLINK® software in a free, in a dominant and in
a recessive model using a chi-square test (p<0.05). There was no significant association
of TNF-a (rs1799724; rs1800629) genotype and allele distribution with skeletal class Il
malocclusion. Regardless of the dominant or recessive genetic model, the preferential
genotype associations for rs1799724 and rs1800629 was insignificant. In conclusion, no
evidence of association is apparent between genetic polymorphisms involving TNF-a
and skeletal class Il malocclusion or the position of the maxilla and mandible in the
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Introduction

The continuous growth begins in the pre-natal period
and continues in the post-natal period. It seems to be more
genetically controlled than environmentally affected (1).
The skull base plays an important role in the growth of
maxilla and mandible and in the relationship between
them. Therefore, changes in both skull base angle and
anterior and posterior lengths can cause imbalances in
facial growth and consequently in occlusion (2). Changes
in the craniofacial morphology are the origin of the most
severe malocclusions, with those affecting morphology
and mandibular size contributing more to the majority of
malocclusions than the maxillary variations. (3)

ANB angle has been often used to assess sagittal
changes present in Class Il malocclusions (4,5). Class Il
malocclusions can result from the anterior displacement
of the maxilla or maxillary alveolar process; small
mandible or lower teeth posteriorly positioned in their
base; posterior position of the temporomandibular joint;
and any combination of the above-mentioned factors (6)

Few observations postulated that the etiology of
Skeletal Class Il malocclusion is multifactorial, in which

genetics, polymorphism, TNF-a.

both genetic and environmental factors play a role in the
development of the alteration. Studies of this condition
demonstrated that it is heritable and is consistent with a
polygenic mode of inheritance. A polygenic model implies
thata number of genes with small additive effects provide
genetic predisposition to the phenotypic expression (7)
Skeletal growth is maintained by a balance between
cells which resorb bone (osteoclasts) and cells which form
bone (osteoblasts). Bone development and grow thisanon-
going, life-long process (8). Until recently, the molecular
nature of this requlation was poorly understood. However,
recent investigations identified members of the TNF-a
family of (tumor necrosis factor) and their receptors,
which are essential regulators of osteoclastogenesis (9)
The RANKL/RANK signaling regulates the formation
of osteoclasts, including physiological bone modeling
and re-modeling and a variety of pathological conditions
characterized by an increase of bone turnover. OPG
protects the bone from excessive resorption through
binding to RANKL and impeding that it binds to RANK.
Therefore, the relative concentration of RANKL and OPG
in the bone is a factor determining its mass and strength


https://orcid.org/0000-0003-0222-2734
https://orcid.org/0000-0002-8432-0815
https://orcid.org/0000-0002-2115-6958

(10). Recent study, demonstrated that the polymorphism
rs3826620 in RANK is associated with the mandibular
size (11). Although the three ligands RANK, RANKL and
OPG are the major modulators of bone apposition and
resorption, TNF-a. can modulate the biological activities
of this triad (12)

Functional polymorphisms in the TNF-a gene could
influence the self-amplification cycle of osteoclastogenesis,
in which TNF-a.induces more osteoclasts and its precursors,
which in turn produce more TNF-a. for formation of more
osteoclasts and so on. The positive hypothesis of this study
is that polymorphisms in TNF-a. genes are involved in the
etiology of skeletal class Il malocclusion.

Material and Methods
Subject Screening

The Human Ethics Committee of Antdnio Pedro Hospital
of Fluminense Federal University (Protocol #811.473)
approved this study. Informed consent was obtained from
all participating individuals or parents/legal guardians.

The study was conducted in Rio de Janeiro, in the
south east region of Brazil, during the period of Jan 2015
to May 2016 (16 months). A total of 181 patients were
enrolled in this study from Straight Wire Group of Studies
on Orthodontics and Functional Orthopedics for Maxillae
from Rio de Janeiro, Brazil.

The groups were divided from these subjects based
on pre-established characteristics: skeletal class Il
malocclusion (ANB>4°) and skeletal class | malocclusion
(0<ANB<4).

Asub group analysis was also performed based on pre-
established characteristics: maxila protrusion (SNA>82°)
and maxila retrusion (SNA<82°); mandible protrusion
(SNB>80°) and mandible retrusion (SNB<80v).

Exclusion criteria for both groups comprised:
orthopedic, orthodontic and/or surgical treatment
performed prior to initial cephalometric tracing; presence
of syndromes and/or metabolic and endocrine alterations,
history of pathological processes such as tumors, cysts
and/or trauma to facial bones (with potential to cause
changes in the normal pattern of craniofacial growth
and development), poor quality of radiographic records,
parents/guardians who did not authorize the child's
participation in the study and improperly filled out
questionnaires.

Cephalometric Analysis

The cephalometric radiographs were digitalized with
a HP scanner Scanjet G4050 and the resulting images
transferred to the Atlante Software. One investigator
was responsible for performing all measurements and
radiographic interpretation.
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The following radiographic measurements were
evaluated on the patients: sella-nasion-A-point angle
(SNA), sella-nasion-B-point angle (SNB), A-point-nasion-
B-point angle (ANB). In order to evaluate reliability and
minimize variability all measurements were performed on
fifty pacients and repeated on a different day following
primary analysis.

Single Nucleotide Polymorphism Genotyping

Genomic DNA was obtained from saliva samples,
as previously described. (13). The amount and purity
of the DNA was determined by the spectrophotometer
(Nanodrop® 1000; Thermo Scientific, Wilmington, DE,
USA). Only DNA samples presenting A260nm/A280nm
ratio greater than 1.8 were used. All examiners at the
laboratories were blinded to the group assignment.
SNPs were selected within TNFou (rs1799724: rs1800629)
genes. Genotype were performed by real time polymerase
chain reactions using the Tag Manassayin the Agilent
Technologies (Stratagene Mx3005P). Applied Biosystems
supplied the primers, probes and the universal mastermix
(Foster City, CA, USA).

Statistical Analysis

Data were analyzed using the Statistical Package
for the Social Sciences (SPSS 19.0). The Student's test
and Pearson chi-square were used to analyze variables
between class Il and class | groups. PLINK® software
was used to evaluate if groups presented preferential
genotype and all allele associations in a free model, in a
dominant model and recessive model. Values of p<0.05
were considered statistically significant. Hardy-Weinberg
equilibrium was evaluated using Pearson chi-square with
in each polymorphism and only the results that were in
Hardy-Weinberg equilibrium were further analyzed. A
Hardy-Weinberg in equilibrium would indicate there is
not a genetic bias in the sample.

Results

Seventy-nine class Il subjects and 102 class | subjects
were included. Differences in mean age, sex and ethnicity
between skeletal class Il malocclusion and skeletal class
I malocclusion subjects were not statistically significant
(Table 1).

For both polymorphisms, the distribution of genotypes
was consistent with Hardy-Weinberg equilibrium (data
not shown). Table 2 demonstrates the genotype and allele
distribution between skeletal class | and skeletal class Il
malocclusion groups. There was no statistical significance
difference between the groups (p>0.05). Table 3 presents
the genotypic and allele distribution according to the
subgroup of class Il malocclusion.
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Discussion

Skeletal class | malocclusion represents the most
common skeletal discrepancy of the dental arches seen in
clinical dental practice. To the best of our knowledge this
is the first report that investigates gene polymorphisms
in TNFa and their relationshipin the etiology of skeletal
class Il malocclusion and retrognathism.

The role of genes involved in the development and
establishment of skeletal class Il malocclusion remains
largely unknown. Both genetic and environmental factors
play a role in craniofacial development, creating an
intricate and elaborate multifactorial etiology for this

Table 1. Characteristics of the studied sample

Characteristics Class IT (N=79) Class I (N=102) p value*
Mean Age (SD) 23.18 (8.97) 25.29 (11.73) 0.185
Sex (%)
Male 28 (35.44) 36 (35.29)
0.983
Female 51 (64.56) 66 (64.71)
Note: p < 0.05

Table 2. Genotype frequencies of TNFa in Class I (n=79) and Class I individuals (n=102)

malocclusion. Several researches have demonstrated that
genetics account for maxillary and mandibular deficiencies
in animals (14,15). A study in mice demonstrated that
TNF-a, together with co-factors such as TGF-a, can
induce the formation of osteoclasts from hematopoietic
precursors of RANK and RANKL (16). Another study,
observed that mice deficient in RANKL and RANK do not
form osteoclasts properly and have thickened hypertrophic
cartilage zones in their growth plates. These knockout
mice are dwarfed, suggesting that RANK and RANKL
signaling during the early stages of life are essential for
attainment of full skeletal growth (10). A previous study
also demonstrated that members of the TNF superfamily:
RANK and OPG are involved in mandible development
(17). These previous results suggested potential candidate
genes for the etiology of skeletal class Il malocclusion
and retrognathism. Along these lines, it is important to
emphasize that animal model is a common strategy for
the identification of candidate genes to a developmental
alteration in humans.

Although the rapid progress in molecular biology is
providing new information about the control of jaws
growth and development, the evaluation in humans
was limited performed. This
highlights the importance of
genetics studies with humans

Class I Class II OR (95%CI) p value samples to understand the
INFo. rs1799724 T/C genetic background involved
in the etiology of the class Il
Genotype ct 09 (11.11) 03 (543) 2.17 (0.56-8.40)  0.254 malocclusion and the possible
cc 72 (88.89) 52 (94.55) polymorphisms associated

153 (94.44) 107 (97.27) with this alteration.
Allele I 09 (5.56) 03 273 0.48 (0.13-1.80)  0.265 In our study we decide to
explore TNF-a as a candidate
Dominant Model 09 1111 03548 (0.56-8.40)  0.254 genedueitsimportantfunction
cc 72 (88.89) 52 (94.55) in bone development (9). The
00 (0) 00 (0) TNF-a gene is located in the
Recessive Model - ¢ 81 (100) 55 (100) Undefined - short arm of chromosome 6, in
the class Il region of the major
TNFa. 151800629 A/G histocompatibility complex
AA 01 (1.15) 00 (0) (MHC), and consists of four
Genotype AG 17 (19.54) 22 (30.14) - 0.208 exons and three introns (18).
GG 69 (79.31) 51(69.86) TNF-a is a proinflammatory
cytokine that acts in the
Allele 19 (10.92) 22 (15.07) 0.69 (0.36-1.34) 0.269 regulation of cell proliferation,
G 155 (89.08) 124 (84.93) differentiation, and apoptosis
AA+AG 18 (20.69) 22 (30.14) (19). TNF-aeand IL-1, are able
Dominant Model GG 69 (79.31) sieosg 002124 0169 to modulate the biological
activities of the triad OPG/
Recessive Model o1 (1.15) 00 (0) Undefined 0.358 RANK/RANKL' This triad is
AG+GG 86 (98.85) 73 (100) the main modulator of bone

p<0.05; OR (95% C.I.)=0dds ratios; 95% confidence intervals.
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and should be considered as an osteoimmunomodulator
complex (11). Despite this participation, our present results
did not show a significant association with skeletal class II
malocclusion or the position of the maxilla and mandible in
the postero-anterior direction in terms of genotype or allele
distributions. Indeed, several genetic factors probably play
different roles in the self-amplification cycle of crescent-
shaped osteoclasts.

It is important to highlight that skeletal class Il
malocclusion is a general morphological description of a
diverse group of dentofacial alterations, which presents a
complexand unexplored etiology. The phenotype of class I
malocclusion could involve maxillar protrusion, mandibular
retrusion or acombination of both conditions. We were able
to note that the studied polymorphism were not involved
in maxilla neither mandible dimensions.

Despite having found no genetic predisposition
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associated with this malocclusion, the authors believe that
further analyzes should be performed to confirm or refute
the results found. In order to investigate the central role of
this pathway skeletal class Il malocclusion, further studies
analyzing using distinct models and populationsin a bigger
sample size should be encouraged. The knowledge about
genes and polymorphismsinvolved in the etiology of these
conditions may be used as an additional tool to predict the
establishment of a specific malocclusion phenotype as well
as help to guide future orthodontic therapeutic approaches
that may target periods of growth and development and
prevent the need of extensive treatment approaches in a
near future. Experimental studies may also help to confirm
or refute the present findings.

So, there is no evidence that the risk of skeletal class Il
malocclusion or the position of the maxilla and mandible
in the postero-anterior direction is influenced by genetic

Table 3. Genotype frequencies of TNFa according to position of the maxilla and mandible in the postero-anterior direction

Maxilla Maxilla Mandible Mandible
protrusion retrusion OR (95%CI) p value  protrusion retrusion OR (95%CI) p value
97 (%) 84 (%) N (%) N (%)
TNFo. rs1799724 TC
CT 08 (11.27) 04 (6.15) 07 (12.96) 05 (6.10)
Genotype 1.94(0.55-6.76)  0.294 2.29(0.69-7.64)  0.167
cC 63 (88.73) 61 (93.85) 47 (87.04) 77 (93.90)
C 134 (94.37) 126 (96.92) 101 (93.52) 159 (96.95)
Allele 0.53(0.16-1.81)  0.305 0.45(0.14-1.47)  0.177
T 08 (5.63) 04 (3.08) 07 (6.48) 05 (3.05)
. TT+CT 08 (11.27) 04 (6.15) 07 (12.96) 05 (6.10)
f/lorgl?am 1.94(0.55-6.76)  0.294 2.29(0.69-7.64)  0.167
ode cC 63 (88.73) 61 (93.85) 47 (87.04) 77 (93.90)
. T 00 (0) 00 (0) 00 (0) 00 (0)
ll\l/lecgsls e Undefined - Undefined -
oae CT+CC 71 (100) 65 (100) 54 (100) 82 (100)
TNFo. rs1800629 A/G
AA 00 (0) 01 (1.37) 00 (0) 01 (1.03)
Genotype AG 22 (25.29) 17 (23.29) - 0.533 17 (26.98) 22 (22.68) - 0.608
GG 65 (74.71) 55 (75.34) 46 (73.02) 74 (76.29)
A 22 (12.64) 19 (13.01) 17 (13.49) 24 (12.37)
Allele 0.97(0.50-1.87)  0.921 1.10(0.57-2.15)  0.769
152 (87.36) 127 (86.99) 109 (86.51) 170 (87.63)
. AA+AG 22 (25.29) 18 (24.66) 17 (26.98) 23 (23.71)
fﬂorgl?am 1.03(0.50-2.12)  0.927 1.19(0.57-2.46)  0.640
oae GG 65 (74.71) 55 (75.34) 46 (73.02) 74 (76.29)
. AA 00 (0) 01 (1.37) 00 (0) 01 (1.03)
11\2/[ecss]s1ve Undefined 0.273 Undefined 0.419
ode AG+GG 87 (100) 72 (98.63) 63 (100) 96 (98.97)

Note: p < 0.05; OR (95% C.L.)=0dds ratios; 95% confidence intervals.
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polymorphisms involving TNF-oL.

Resumo

0 desenvolvimento e crescimento dsseo ¢ um processo continuo, que
dura toda a vida, variando muito entre os individuos e grande parte dessa
variacdo pode ser modulada por fatores genéticos. O objetivo deste estudo
foi avaliar a associacdo entre os polimorfismos no gene TNF-o. e a ma
oclusio da classe Il esquelética. Polimorfismos no gene TNF-c. (rs1799724;
rs1800629) foram estudados em 79 individuos com ma oclusdo esquelética
de classe Il 102 individuos com ma oclusdo esquelética classe | do Grupo
de Estudos em Ortodontia e Ortopedia Funcional dos Maxilares do Rio de
Janeiro, Brasil. A genotipagem destes polimorfismos foi realizada por PCR
em tempo real, através de DNA gendmico extraido de células bucais. Todas
as frequéncias alélicas e genotipicas foram comparadas entre os grupos
utilizando o software PLINK® em um modelo livre, dominante e recessivo.
Foi aplicado o teste do qui-quadrado (p<0,05). Ndo houve associagiio
significativa na distribuicdo genotipica e alélica do gene TNF-a (rs1799724;
rs1800629) com a ma oclusio de classe || esquelética. Independentemente
do modelo genético dominante ou recessivo, as associacdes genotipicas
preferenciais para rs1799724 e rs1800629 foram insignificantes. Pode-
se concluir que, ndo existe evidéncia de associacao entre polimorfismos
genéticos envolvendo TNF-a e ma oclusdo esquelética de classe Il ou a
posicao da maxila e mandibula na direcdo postero-anterior.
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