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Abstract. The aim of this study was to investigate the association of clinical
characteristics and /L4 tag single nucleotide polymorphisms (SNPs; rs2227284 and
rs2243268) with orthodontic mini-implant (MI) failure. The sample included 135
subjects of both sexes, mean age 48.7 £ 10 years (range 20-76 years): 104 in the
control group (patients without any MI loss) and 31 in the study group (patients
presenting >1 MI loss). Genotypes were determined by real-time PCR. Bivariate
and multivariate analyses were performed (P < 0.05). No association was found
between the selected tag SNPs and MI loss. The C allele of the 114 rs2243268
polymorphism in the recessive model was more frequent in patients who had fewer
MIs installed (<2 vs. >2; P =0.043, odds ratio 0.65, 95% confidence interval 0.58—
0.74). On multivariate analysis, smoking habit was significantly associated with the
group with multiple MIs installed (P = 0.036), however the significance of the
association with rs2243268 was not maintained. No association was found between
the socio-demographic, smoking, or genetic factors studied and MI loss. This study
supports the interaction between host and environmental factors and its influence on
susceptibility to orthodontic MI failure.
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Throughout the history of orthodontics,
there have been repeated efforts to improve
the method of anchorage'. Initially, teeth
were used as a means of obtaining anchor-
age; however the teeth selected for anchor-
age often move simultaneously with those
for which movement is desired. Since Bra-
nemark provided the biological basis for
osseointegration, different skeletal anchor-
age options in orthodontics have been sug-
gested”™?. Satisfactory clinical results in
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orthodontic treatment require adequate an-
chorage control.

Orthodontic mini-implants (MIs) are
temporary skeletal anchorage devices
used in situations where orthodontic bio-
mechanics such as mass movement of
teeth is required4. Since their introduction,
the use of orthodontic MIs has become
widespread and has increased in populari-
ty, because of the convenience of the
placement and removal procedures, their

comparative low cost, and the possibility
of immediate loading after surgery. Stud-
ies have shown that if maximum anchor-
age is required, MIs should be the system
of choice™.

Mls are effective as anchorage, and
their success depends on numerous fac-
tors, including mechanical stability and
loading quantity’, patient age®, vertical
skeletal pattern’, inflammation'®, and ge-
netic factors''. The mean success rate of
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MIs is 87.8%'2. The unexpected loss of a
MI will lead to a change in the original
treatment plan, which can be unfavourable
when anchorage is required. Inflammation
has been shown to be a major predictor of
MI failure, leading to bone tissue destruc-
tion and affecting the mechanical stability
of MIs"’.

Interleukin 4 (IL-4) is a pleiotropic anti-
inflammatory cytokine produced mainly by
T helper type 2 (Th2) cells. This cytokine
plays a central role in humoral and cell-
mediated immunity, regulating cell prolif-
eration, differentiation, apoptosis, activa-
tion of effector cells, and expression of
numerous genes in various cell types'*'°.
In addition, IL-4 reduces the production of
functionally important monokines'’, which
are implicated in many inflammatory
changes. IL-4 is responsible for the equilib-
rium in inflammation by suppressing pro-
inflammatory cytokines, such as tumour
necrosis factor alpha (TNF-o), IL-1, and
prostaglandin E2 (PGE2), which are known
to play a major role in inflammatory and
immune reactions'®. Nowzari et al.'® inves-
tigated the presence of selected cytokines
after the placement of dental implants and
found that significant levels of IL-1{3 and
TNF-a were present in the crevicular fluid
up to 6 months after implant placement,
which may have led to bone resorption.
Furthermore, IL-4 inhibits the secretion
of matrix metalloproteinases, which are
mainly responsible for extracellular matrix
degradation®’.

The human /L4 gene (interleukin 4
[Homo sapiens (human)] gene; NCBI ref-
erence sequence NG_023252.1, OMIM
147780) is located on chromosome
5q31.1 and comprises four exons and three
introns in approximately 10 kb*'.

Single nucleotide  polymorphisms
(SNPs) are variations in the DNA with
alterations of a single nucleotide in the
genome sequence. SNPs are the most
common type of DNA variation between
individuals, with a frequency higher than
1% for the rarer alleles in the population.
A SNP located within the coding sequence
of a gene may influence the corresponding
protein, causing an alteration in its func-
tion or expression, and SNPs may there-
fore be associated with susceptibility to
human diseases™.

Currently, hundreds of /L4 SNPs have
been detected in the human genome, with
some influencing the expression of IL-4,
leading to a weakened immune response
and making the host vulnerable to inflam-
mation-related diseases®. Host genetic
variations in the /L4 gene have been as-
sociated with several diseases, such as
hepatitis C and hepatocellular carcino-
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ma®*, rheumatoid arthritis and multiple
sclerosis®, and respiratory conditions°.
SNPs in this gene have also been associ-
ated with implant loss*' and progression
from gingivitis to periodontitis”’.

The factors underlying the success rates
of MIs have been studied extensively over
recent years. However, it appears that
there is only one study relating the loss
of MlIs to genetic factors, which studied
the IL6 gene''. The aim of this study was
to investigate the association of clinical
variables and /L4 gene polymorphisms
with MI failure.

Materials and methods
Study population

The records of a total of 487 patients
attending the Latin American Institute of
Dental Research and Education (ILAPEO,
Curitiba, PR, Brazil) from 2004 to 2010
were reviewed. Of these, 148 patients
were treated with orthodontic MIs (Neo-
dent, Curitiba, PR, Brazil); these patients
were recruited for this study. Eight
patients with potential confounding fac-
tors (such as syphilis and current pregnan-
cy or lactation) were excluded from the
study and five refused to participate in the
study. Informed consent was obtained
from all individual participants included
in the study. The population of this study is
the same as that investigated in a previous
study by Reichow et al.''.

The study included a group of 135
subjects of both sexes, with a mean age
of 48.7 £ 10 years (range 20-76 years).
The control group comprised 104 patients
without any MI loss, whose implants had
been in function for at least 6 months. The
study group consisted of 31 patients who
presented at least one MI loss.

All patients answered a questionnaire
about their socio-demographic character-
istics and smoking habits, and signed an
informed consent agreement approved by
the Ethics Committee in Research at Pon-
tificia Universidade Catdlica do Parana.
The numbers of MIs placed and lost were
obtained from the patient records. Patient
socio-economic factors and medical and
oral clinical variables, as well as clinical
findings such as the MI location, position,
and side of installation, diameter, length,
type of neck, type of anchorage, and type
of movement, can be found in the study
published by Reichow et al.''.

DNA collection

Cells were obtained through a mouthwash
with 3% glucose solution and scraping of
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the oral mucosa with a sterile wooden spat-
ula*®. DNA was extracted from epithelial
buccal cells withammoniumacetate (10 M)
and  ethylenediaminetetraacetic  acid
(EDTA, 1 mM)*.

Analysis of IL4 tag SNPs

Adjacent SNPs are often highly correlated
in terms of linkage disequilibrium (LD).
When those SNPs are in strong LD they
can capture the information of others in
the same block (or bin) and are called tag
SNPs. The strategy of genotyping tag
SNPs intends to capture the information
of a whole gene, reducing genotyping
costs and time". Genotyping these avoids
the need to genotype all of the SNPs of a
given gene. Thus, /L4 gene tag SNPs were
selected according to the information
available on the International HapMap
Project website, release 24 (http://www.
hapmap.org). All selected markers pre-
sented a minimum allele frequency
(MAF) of 0.05 in the CEU population
(Northern and Western European ances-
try). The CEU population was chosen
because the patients selected for this study
were from the south region of Brazil,
which is considered a heterogeneous pop-
ulation with a European ancestry. Accord-
ing to the Brazilian Demographic Census
in 2010, 70% of the population from
Parana State were Caucasian.

The cut-off parameter to define LD
between two markers was a multi-marker
#* > 0.8, considered a high level of LD.
Using this criterion, the following tag
SNPs were included: reference SNPs
1s2243268 and rs2227284 (Fig. 1); these
captured the complete information for the
1L4 gene.

Patients were genotyped for the tag
SNPs by real-time polymerase chain reac-
tion (PCR) technique (7500 Real-Time
PCR System; Applied Biosystems, Foster
City, CA, USA), with the use of TagMan
Genotyping Master Mix technology (Ap-
plied Biosystems).

Statistical analysis

Statistical analyses were performed and
the sample power calculated using IBM
SPSS Statistics version 20.0 (IBM Corp.,
Armonk, NY, USA). Odds ratios (OR) and
95% confidence intervals (95% CI) were
determined when possible. Haploview 4.2
software (Broad Institute, Cambridge,
MA, USA) was used to evaluate Hardy—
Weinberg equilibrium and LD.

Nominal variables were expressed as
frequencies and percentages. The Pearson
X’ test was used to assess the association


http://www.hapmap.org
http://www.hapmap.org

984 Lopes et al.

130058 13003
D28 Genotyped SNPs
Q28 Entrez genes

N1 00089

13040%

130041k L0082 13004 %

. o

13000 13045 130046

L4 Interleukin 4 1soform &

Q28 Reactome

precursor

pathrways
02 8 Genome Wide Associatioa stodies (NHGRI Catalog)

D20 tag SNP Picker
LSNP _AggresiveTagper CEU

12243068

Fig. 1. The IL4 gene with tag SNPs presenting a minimum allele frequency (MAF) of 0.05 (Font: HapMap).

between binary variables. Continuous
variables were first classified by distribu-
tion as normal or non-normal. Non-normal
continuous variables were analyzed by
Mann—Whitney U-test. The following ge-
netic models of the association between
markers (tag SNPs) were assessed: addi-
tive, dominant, and recessive; these were
examined by Pearson X test. For the
multivariate analysis, the binary logistic
regression model was adjusted to analyze
genotypic frequencies, including variables
with P < 0.20 significance in the bivariate
tests as co-variables.

Results

A total of 135 individuals were genotyped
for the study. Table 1 describes the demo-
graphic and clinical characteristics of the
participants. There was no statistically
significant difference between the groups
with regard to age, sex, ethnic group, or
smoking habit (Mann—Whitney U-test, or
Pearson X test).

The MI success rate in this study was
77.0%. Analysis showed that 23.0% of the

patients in the sample (31 out of 135
patients) presented at least one MI loss,
and of these 31 patients, eight (5.9% of the
total sample) presented two or more MI
losses (multiple losses). Moreover, when
more than two MIs were installed, the
failure rate was 77.4%. This higher num-
ber of MIs installed per patient was asso-
ciated with MI failure (P =0.000; OR
2.03, 95% CI 1.46-2.82). The sample
power test was done for the variable num-
ber of MlIs installed per patient, and by
accepting the alternative hypothesis (H1),
the test power was above 99%.

The tag SNPs rs2227284 and rs2243268
selected for this study were not in high LD
(#* < 0.8), confirming their independence
in the study population (Fig. 2).

The genotype distribution for the two
SNPs tested was in Hardy—Weinberg equi-
librium in the control group. Neither of the
two IL4 tag SNPs was significantly asso-
ciated with MI loss. The genotype distri-
bution according to the genetic models is
shown in Tables 2 and 3.

Since subjects who had more than two
MIs installed concentrated showed in-

creased MI loss (77.4%), an investigation
was performed to determine whether an
association with specific alleles of the two
tested polymorphisms existed (Table 4).
The C allele of 1s2243268 in the recessive
model was significantly more frequent in
the group with two or fewer MlIs installed
(P =0.043; OR 0.65, 95% CI 0.58-0.74).

On multivariate analysis, smoking habit
was significantly associated with the
group with multiple Mls installed
(P =0.036); however the significance of
the association with rs2243268 was not
maintained.

Discussion

Since the introduction of MIs as an
intraoral anchorage system, they have be-
come an important part of the orthodontic
treatment plan. Although studied for sev-
eral years, MI failure is a complex trait and
inconclusive findings are shown in the
literature concerning its aetiological
aspects.

MlIs are considered successful when
they are maintained in the bone until the

Table 1. Results of the bivariate analysis of socio-demographic and clinical variables for the control and study groups.

General data

Control group

Study group

Bivariate

n=104 % n=31 P-value OR (95% CI)
Sex
Male 29 27.9 7 22.6 0.558° 1.32 (0.52-3.41)
Female 75 72.1 24 77.4
Age (years), mean £+ SD 48.69 £ 10.31 48.77 £9.11 0.888" -
Ethnic group
Caucasian 73 70.2 22 71.0 0.934% 0.96 (0.40-2.33)
Non-Caucasian 31 29.8 9 29.0
Smoking habit
Smoker + ex-smoker 26 25.0 12 38.7 0.136° 1.17 (0.93-1.49)
Non-smoker 78 75.0 19 61.3
Number of MIs installed per patient
lor2 84 80.8 7 22.6 0.000*" 2.03 (1.46-2.82)
3,4,0r5 20 19.2 24 77.4

CI, confidence interval; OR, odds ratio; MI, mini-implants; SD, standard deviation.

Pearson X? test.
l:Mann—Whitney U-test.
Significant, P < 0.05.
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Fig. 2. Analysis of linkage disequilibrium (LD) between the selected /L4 tag SNPs. The number
inside the square shows the proportion of LD as a percentage (41%). The LD between the tag

SNPs is 1% < 0.8.

end of treatment or intentional removal'’.
The overall MI success rate varies dramat-
ically according to clinical procedures
such as the implant placement tech-
nique'', mobility and side of placement'®,
and host factors”'. The clinical character-
istics related to the MIs in this sample
were analyzed and the findings can be
found in the study published by Reichow
et al.!'. However, there is one common
condition for MI success — no sign of
inflammation'2. In this study, the MI suc-
cess rate was 77.0%, lower than that
reported in other studies’*’.

Orthodontic treatment is usually sought
by a young population, therefore Mls are
commonly used in patients around 20
years old, and it has not yet been deter-
mined conclusively whether age interferes
in Ml loss**. In the present study, the mean
age of the patients in both groups was
approximately 48 years, which is an un-
common age when compared to other
reports. This is explained by the fact that
most of the selected patients were being
prepared for prosthetic implant treatment.

The lack of association between sex and
MI loss has been reported previously in the

Table 2. Genotypic analysis of the tag SNPs in the /L4 gene in the additive model.
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literature'®. The present study is in agree-
ment with this finding.

It is not appropriate to analyze Brazi-
lians in separate groups based on ethnic
characteristics because Brazilian individ-
uals have overlapping genotypes due to
miscegenation’. Nevertheless, a compar-
ison of the groups according to ethnic
group was performed and no difference
was found.

In this study, having more than two
MIs installed doubled the risk of present-
ing MI loss. Indeed, it was found that
there was an increased failure rate after a
second MI was installed (77.4%). Yao
et al.** evaluated the stability of Mls
for orthodontic anchorage and found an
association between the number of Mls
installed per patient and higher failure
rates. In the present study, when the
group with up to two MIs and the group
with more than two MIs installed were
analyzed, the C allele of rs2243268 of the
IL4 gene in the recessive model was
significantly more frequent in the group
with fewer MIs installed. As the group
with multiple MIs installed presented a
higher failure rate, it could be that the C
allele is associated with protection
against MI loss.

When the multivariate analysis was ap-
plied to the groups according to the num-
ber of MIs installed, the indicated
association of the rs2243268 polymor-
phism was not maintained. This could
be explained by the fact that genetic poly-
morphisms in different genes may contrib-
ute individually with a small proportion of
the immune-inflammatory modulation.
However, smoking was found to be asso-
ciated with the placement of multiple MlIs,
which was associated significantly with
MI failure. Smoking is known to cause
implant failure and it has been demonstrat-
ed that smokers have a 2.5 times greater
chance of losing an implant when com-
pared to non-smokers®®. Thus, smoking
could mute the influence of a genetic

Tag SNPs dbSNP ID* Alleles” Groups Genotypes, n (%) P-value®
GG GT TT
1s22272849 [G/T] Control, n (%) 33 (33.0) 51 (51.0) 16 (16.0) 0.683
Study, 7 (%) 9 (31.0) 17 (58.6) 3 (10.3)
AA AC CC
1s2243268° [A/C] Control, n (%) 61 (58.7) 35 (33.7) 8 (7.7) 0.280
Study, 7 (%) 20 (64.5) 11 (35.5) 0 (0.0)

SNP, single nucleotide polymorphism.

4SNP identifier based on the NCBI SNP database.

®The first allele is designated as the major allele, and the second allele is designated as the minor allele.

¢ Pearson X test.
94 Control group n = 100, study group n = 29.
¢ Control group n =104, study group n=31.
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Table 3. Genotypic analysis of the tag SNPs in the /L4 gene in the dominant and recessive models.

Tag SNPs dbSNP ID* Alleles” Groups Genotypes P-value® OR (95% CI)
TT + GT GG
152227284 (Dom T) [G/T] Control, n (%) 67 (67.0) 33 (33.0) 0.842 0.914 (0.38-2.23)
Study, 1 (%) 20 (69.0) 9 (31.0)
GT + GG TT
1$2227284° (Rec T) [G/T] Control, n (%) 84 (84.0) 16 (16.0) 0.449 0.606 (0.16-2.24)
Study, 1 (%) 26 (89.7) 3 (10.3)
AC +CC AA
152243268° (Dom C) [A/C] Control, 1 (%) 43 (41.3) 61 (58.7) 0.559 1.282 (0.56-2.95)
Study, 7 (%) 11 (35.5) 20 (64.5)
AA + AC CC
152243268° (Rec C) [A/C] Control, 1 (%) 96 (92.3) 8 (7.7) 0.111 -
Study, 7 (%) 31 (100) 0 (0.0)

CI, confidence interval; Dom, dominant; OR, odds ratio; Rec, recessive; SNP, single nucleotide polymorphism.
4SNP identifier based on the NCBI SNP database.
°The first allele is designated as the major allele, and the second allele is designated as the minor allele.

°Pearson X° test.

4 Control group n = 100, study group # = 29.
¢ Control group n = 104, study group n=31.

Table 4. Genotypic analysis of the tag SNPs in the /L4 gene in the group with up to two mini-implants installed (<2) and the group with three to
five mini-implants installed (>2) in the dominant and recessive models.

Tag SNPs dbSNP ID* Alleles” Groups Genotypes P-value® OR (95% CI)
TT + GT GG
152227284% (Dom T) [G/T] <2, n (%) 61 (70.9) 25 (29.1) 0.232 1.18 (0.89-1.57)
>2, 1 (%) 26 (60.5) 17 (39.5)
GT + GG TT
152227284" (Rec T) [G/T] <2, n (%) 71 (82.6) 15 (17.4) 0.219 0.49 (0.15-1.56)
=2, n (%) 39 (90.7) 4(9.3)
AC+CC AA
1s2243268° (Dom C) [A/C] <2, n (%) 39 (42.9) 52 (57.1) 0.330 1.12 (0.89-1.42)
=2, 1 (%) 15 (34.1) 29 (65.9)
AA + AC CC
152243268° (Rec C) [A/C] <2, n (%) 83 (91.2) 8 (8.8) 0.043" 0.65 (0.58-0.74)
=2, 1 (%) 44 (100) 0 (0.0)

CL confidence interval; Dom, dominant; OR, odds ratio; MI, mini-implant; Rec, recessive; SNP, single nucleotide polymorphism.
*SNP identifier based on the NCBI SNP database.
°The first allele is designated as the major allele, and the second allele is designated as the minor allele.

°Pearson X* test.

4MIs installed <2 n = 86, MIs installed >2 n = 43.
°MIs installed <2 n =91, MIs installed >2 n=44.

* Significant, P < 0.05.

polymorphism®’. Kornman et al.*® sug-
gested that smoking is a strong risk factor
and that this might have had an effect on
IL1B polymorphism, modulating suscep-
tibility to chronic periodontitis. In the
presence of smoking, a strong and well-
known risk factor that significantly
impairs the host response, the influence
of the polymorphic protection allele
should have been masked. Another con-
sideration is that the association might
have been spurious because of the low
frequency of the rarer allele (C allele) of
rs2243268. The sample size should be
increased to confirm this association.
Moreover, replication in other populations
is essential before any conclusions can be
drawn regarding rs2243268 as a genetic
marker for susceptibility to MI loss.
This study was novel in investigating
the association of /L4 polymorphism with

MI loss. The tag SNP rs2243268 has been
reported previously in the literature, asso-
ciated with resistance to extrapulmonary
tuberculosis in Chinese Han children®
and resistance to adverse events after
smallpox vaccination®’. However, the A
allele was found to be the protective allele,
which differs from the findings of the
present study. This discrepancy in findings
might be explained in part by different
racial genetic backgrounds and aetio-
pathological molecular mechanisms un-
derlying these complex diseases and
traits. In this context, the results of this
study strongly suggest that host and envi-
ronmental factors interact deeply to mod-
ulate susceptibility to complex traits,
which characterize them as multifactorial.

In conclusion, no association was found
between /L4 tag SNPs and MI failure.
Nonetheless, an association was observed

between patients with multiple MIs
installed and /L4 rs2243268 polymor-
phism. On multivariate analysis, smoking
habit was associated with the group with
multiple MI placements, but the associa-
tion with the rs2243268 polymorphism
disappeared. This study supports the inter-
action between host and environmental
factors and its influence on susceptibility
to certain conditions.
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