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Abstract

Polymorphisms in matrix metalloproteinases (MMPs) genes have been associated with several
pathologies, including dental implant loss. MMP-3 is crucial to the connective tissue remodeling
process. The objective of this study was to investigate the possible relationship between -1612
MMP-3 polymorphism and the early implant failure. A sample of 240 non-smokers was divided:
test group 120 patients with one or more early failed implants and control group 120 patients with
one or more healthy implants. Genomic DNA from oral mucosa was analyzed by PCR-RFLP. No
association of early implant loss with genotypes and alleles of the -1612 polymorphism in MMP-3
were found by the Chi-squared test. Only the presence of the -1612 polymorphism of MMP-3 is
not a genetic risk factor for early loss of implants.
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Introduction

Dental implants have become important therapeutic option and are now the most
chosen option for oral rehabilitation in edentulous and partially dentate patients because
of its high predictability and success rate.

However, the literature reported global failure rates of 1.9-3.6%', despite adequate
surgical and medical treatment. Several risk factors, like osteolysis, medical pre-
conditions, poor bone quality, smoking, one-or-two-step surgery, have been proposed in
literature®. In addition studies have demonstrated that implant material is an important
determinant of treatment outcome?®. The fact that only in a minority of titanium particles
induce inflammation and osseo-disintegration, suggests an important role of host factors,
in particular the immune response to titanium.

In addition this, multiple implant failures in the same patient, the cluster
phenomenon, indicate that individual's host response play a significant role in the implant
loss*. Gene polymorphisms are a biologically normal condition which individuals may
exhibit genetic variations, which may increase their susceptibility to a certain disease.
Polymorphisms in matrix metalloproteinases (MMPs) genes have been associated with
a number of pathologies, including dental implant loss®”.

Matrix metalloproteinases (MMPs) are the major class of enzymes capable of
cleaving all extracellular matrix substrates, including collagens, fibronectin, laminin,
vitronectin and proteoglycans8, and are involved in physiological and pathological
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processes. MMPs regulate a variety of cell behaviors such as
cell proliferation and motility, apoptosis, angiogenesis, effects
on the immune system and host defense, and modulation of
the bioactivity of chemokines®. In fact, MMPs are expressed
by the major inflammatory and connective tissue cells in
response to specific stimuli of remodeling, including implant
osseointegration. Besides, the literature demonstrated that
MMP levels in peri-implant sulcular fluid are high, including
MMP-13°.

MMP-3, or stromelysin-1, have broad substrate specificity
and have an important role in remodeling of connective
tissue. It participated of turnover of diverse extracellular
matrix components, including non-fibrillar collagens, laminin,
proteoglycan and fibronectin. It also activates other MMPs,
such as MMP-1, MMP-2 and MMP-9; as well as its own
proenzyme'®!'". MMP-3 can be produced by fibroblasts,
macrophages, neutrophils, chondrocytes, synovial cells, and
smooth muscle cells and can be induced in reaction to local
stimulation such as mechanical loading'? and inflammation".

The MMP-3 gene, located on chromosome 11, has
functional polymorphisms in the promoter region -1612
characterized by containing either five or six consecutive
adenines (5A/6A) and has been associated with various
pathologies including periodontal disease'*.

In present study the purpose was to investigate the
relationship between -1612 polymorphism in the MMP-3 gene
and early failure of osseointegrated oral implants.

Material and Methods

Study population

A sample of 240 non-smoking subjects, > 18 years of
age, were recruited for study from the patient pool at the Dental
Clinics of the Faculty of Dentistry of Piracicaba — University
of Campinas (UNICAMP), Piracicaba, Sao Paulo, Brazil, Latin
American Institute for Dental Research, Curitiba, Parana, Brazil
and private implantology clinical in Sao Paulo, Bahia, Parana
- Brazil. The rate of implant loss of these centers was less than
3%. All patients were advised previously about the nature of the
study and signed a consent form within a protocol approved by
an Institutional Review Board (Ethical Committee in Research
at FOP-UNICAMP, protocol 006/2002). This study has followed
the guidelines of Helsinki Declaration.

All subjects were in good general and oral health and did not
have any of the following exclusion criteria: a history of diabetes
or osteoporosis, hepatitis or HI'V infection, immunosuppressive
chemotherapy, history of any disease known to severely
compromise immune function. It also excluded patients that
submitted a precocious prosthesis load or regenerative surgery,
such bone grafting, and have had postsurgical complications,
such as infection. All patients have a transgingival healing
concept performed..

The groups were matched by gender and age; with 66%
female and mean age 49 (range 18-80). The groups were
matched by implant position; with 61% mandibular region and
67% posterior region. Subjects were divided into two groups:
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control group, 120 patients with one or more healthy implants
for a minimal period of 1 year, and test group, 120 patients that
had suffered one or more early implant failures, considered when
presented mobility and/or pain before or during the abutment
connection and needed to be removed.

Genotyping

DNA from epithelial buccal cells was extracted using the
procedure described by Aidar and Line's. DNA concentration (ng/
pL) was estimated by measurements of optical density 260/280
nm ratio greater than 1.9.

The MMP-3 genotype was determined by the PCR-
RFLP assay. The PCR primers used for amplifying the
MMP-3 polymorphism were: forward primer
5'-GGTTCTCCATTCCTTTGATGGGGGGAAAgA-3' and reverse
primer 5'-CTTCCTGGAATTCACATCACTGCCACCACT-3'.
The forward primer for amplifying the MMP-3 fragment was
mutated from A to G at the second nucleotide close to the 3’ end
to create a Tth111I recognition site in the case of a SA allele.
PCR were carried out in a total volume of 10 pl, containing
400ng genomic DNA, 5 pl of Taq Green Jumpstar Taq ReadyMix
(Amersham Pharmacia-Biotech, Uppsala, Sweden) and 200 nmol
of each primer. A 6 pl aliquot of PCR products were then
digested with 1 unit of Tth1111I enzyme at 37°C overnight. The
total amount aliquot of the digest was electrophoresed on a 10%
vertical non-denaturing polyacrylamide gel at 20 mA. The gel
was stained by ethidium bromide.

Statistical analysis

Mann—Whitney U test was used to determine any significant
differences between ages and gender. The significance of the
differences in the observed frequencies of polymorphism
between both groups was assessed using the Chi-squared test
with p<0.05 indicating statistical significance. The program
ARLEQUIN (v. 2.0 — Schneider et al., 2000)'® was used to
verify the Hardy—Weinberg equilibrium in the studied sample.
To verify statistical power of our sample, we used G¥POWER
software.

Results

The primers used were efficient to amplify the fragment
and the Tth111I enzyme digestion cleaves the PCR products in
two fragments when the polymorphism site contained the SA
allele. Electrophoresis produced DNA bands of 97 and 32 bp
for 5A alleles and a band of 129 bp for 6A alleles, whereas the
heterozygote displayed a combination of both alleles (129, 97
and 32 bp).

Genotype distribution was in Hardy—Weinberg equilibrium.
Statistical power estimation for our sample showed 99% for
association detection.

The statistical analysis did not show significant differences
in the alleles and genotypes (p=0.2) of the -1612 5A/6A in
MMP-3 between the two sample groups. The result shows that
in both groups was the higher frequency of allele 6A and the
5A/6A genotype (Table I).
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Table 1 - Distribution of the MMP-3 allele and genotype in the
control and test group.

MMP-3 Control Test Chi- OR (95% IC)
(-1612) Group Group s
N % N % quared
Allele n =240 n =240
5A 102 425 115 48.0 p=0,24 0.80 (0.56-1.12)
6A 138 575 125 520
Genotype n=120 n=120
5A/5A 22 183 24 20.0
5A/6A 58 483 67 558 p=0,23 0.89 (0.47-1.70)
6A/6A 40 333 29 242
Discussion

Biological, microbiological and biomechanical factors
can be accredited implant loss, however the exact cause and
mechanism of early implant failure are still uncertain. An
abnormal immune-inflammatory response, involving fibroblasts,
keratinocytes, macrophages, neutrophils, lymphocytes,
endothelial cells, osteoclasts and osteoblasts, can destroy
the peri-implant and periodontal tissues!”. Moreover, an
intense inflammatory process is mediated by cytokines which
point to different cell types and stimulating the production
of prostaglandins and matrix metalloproteinases, which are
associated with bone and connective tissue breakdown's. The
cluster phenomenon supports the evidence that individual
characteristics play an important role in transcription of these
inflammatory mediators and may influence the osseointegration
success. Some studies show the influence of genectic
polymorphisms in inflammatory mediators in implant loss.
Cosyn et al.’? (2016) demonstrated that the IL-1B (43954)
gene polymorphism affect osseointegration, beside previous
studies not found evidence?. The genotype 2/2 of ILIRN
polymorphism and the C allele of IL-4 polymorphism was
associated with susceptibility to dental implant loss**?!. In non-
smokers, have been show that a polymorphism in the promoter
region of MMP-1 and MMP-8 gene is strongly associated with
the early implant loss™’. Our group suggested that haplotype
G-1607GG and A-519G of MMP-1 may be associated with the
osseointegration process®.

However, many others studies found no significant
association between dental implant loss and polymorphism in
inflammatory mediators such as MMP-9, IL-1, IL-2, IL-6, IL-
10, TNF-A, TGF-B, VNTR, and others*?%%, In this study, the
-1612 5A/6A polymorphism in the promoter region of MMP-
3 gene was also not associated with early implant failure in
non-smokers.

In meta-analysis studies’*?* point that is important
methodological and study design restricted to validate the
associations, even though it has been raised as one of the
potential risk indicators.

Early implant failure in non-smokers have a reduced
frequency. Nevertheless, smoking is a strong risk factor for
early implant failure - smokers have a 3% greater chance of
losing an implant compared to non-smokers?, so studies that

includes smokers would possibly mask the genetic influence.
In this study, we observed a number of patients in the test
group with reliable estimated statistical power, despite put out
smokers. Others risk factors with age, status periodontal, and
medically compromised were exclude or matched.

In osseointegration, as with any complex process seems to
be a combination of several polymorphisms act synergistically
significant risk that increases the susceptibility to failure. So,
it is important to consider that this MMP-3 polymorphism
may have their effects masked by polymorphisms in different
regions of a gene or other genes involved with periodontal
inflammatory mediators. However, to identify the influence of
each allele, it is essential to analyze the relative contribution
of each polymorphism.

Since MMP-3 activates the MMP-1 and polymorphism in
MMP-1 was associated with implant loss, it seems important to
assess the linkage disequilibrium between the polymorphisms
of MMP-3 and MMP-1 which are located on chromosome
11g22.3 adjacent to each other. It seems to be of great value
to understand osseointegration process and the mechanisms of
functional compensation of the individual. In future studies
of the investigation of polymorphisms in the MMP-3 gene,
mainly in haplotype combination, remains to be considered
regarding implant loss due to the importance of this gene in
osseointegration.

To understand the complex osseointegration failure is
important analyze haplotype frequencies and imbalances
between various polymorphisms. It could be help in clinical
investigation of individuals at high risk to implant loss and,
in future, guide the development of individual therapeutics to
increasing the implants success rates.

Conclusion

In conclusion, no associations were found between -1612
S5A/6A polymorphisms of the MMP-3 gene promoter and early
implant failure, suggesting that the presence of this polymorphism
alone are not a genetic risk factor for predisposition to early
implant loss. Therefore, the investigation of polymorphisms in
the MMP-3 gene, mainly in haplotype combination, remains to
be considered regarding implant loss due to the importance of this
gene in osseointegration.
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