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Abstract

Introduction: Muscular Temporomandibular disorders or masticatory 
disorders are characterized by orofacial pain and functional limitations 
associated with oral dysfunctions, emotional changes and/or genetic factors. 
Matrix Metalloproteinases (MMPs) are proteolytic enzymes that constitute the 
extracellular matrix and play an important role in the skeletal muscle adaptation.

Objectives: To evaluate the association between polymorphisms in the 
Matrix Metaloprotease-2 (MMP2) gene and the presence of muscular disorders.

Methods: RDC/TMD questionnaire was applied for clinical diagnosis of 
Temporomandibular Disorders (TMD) in the study sample and three diagnosis 
groups were formed: control group (n=154), muscular TMD (n=122) and joint 
TMD (n=49). Genomic DNA was obtained from saliva samples and six single 
nucleotide polymorphisms in the MMP2 gene were selected.  Results: A 
tendency of association between the presence of the CT genotype (rs243865) 
and the absence of muscular TMD was observed when compared to the control 
group (p=0.05). There was a significant prevalence of the polymorphic CT+TT 
(rs243865) genotypes in the control group (p=0.04) compared to the muscular 
TMD group (p=0.05). Confirming these results, TCCACC MMP2 haplotype 
showed higher association (p=0.01) with protection against muscular TMD. 

Conclusion: Polymorphism in the MMP2 gene (rs243865) is related to 
protection against muscular TMD.

Keywords: Temporomandibular joint dysfunction syndrome; Polymorphism 
genetic; Matrix Metalloproteinase-2

Introduction
Temporomandibular Disorders (TMD) collectively comprise a set 

of clinical conditions associated with pain and/or dysfunction located 
in the masticatory musculature and/or Temporomandibular Joints 
(TMJ) [1] with muscular disorders being the single most prevalent 
diagnostic group [2]. The diagnosis of muscular TMD is based on the 
presence of clinical signs and symptoms standardized in the form of 
criteria [3]. However, these patients do not evolve uniformly, many 
presenting disproportionate pain in response to different types of 
stimuli [1,2,4], as well as comorbid, regional, or systemic pain [5]. 
In addition, in some patients, pain complaints persist even after 
resolution of the initial injury [2,6].

It is currently known that chronic muscular pain, including 
masticatory pain, is influenced by neuronal, central, and peripheral 
sensitization phenomena [7], often influenced by predisposing 
genetic factors. The genetic influence involved in the pathophysiology 
of TMD has been previously demonstrated in different studies related 
to different genes - ESR1, ESRRB, RANK, RANKL, and OPG [6,8]. In 
addition to pain thresholds, the genetic profile of each patient also 
proved to be able to regulate muscle regenerative capacity [2].

Adult skeletal muscle tissue, including masticatory muscle, has 
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high regenerative capacity in response to acute or chronic injuries. As 
skeletal muscle fibers are in their terminal stage of differentiation and 
therefore unable to participate in tissue repair, this response is largely 
attributed to a small, distinct population of myogenic progenitor cells 
resident in adult skeletal muscle, called Satellite Cells (SC) [9,10]. 
SC can be activated following chemical and mechanical stimuli, 
migrating to the injury site and orchestrating muscle regeneration 
[9]. Mature muscle fibers, in turn, produce and are involved by an 
Extracellular Matrix (ECM), which also acts in tissue repair through 
the release of specific biochemical mediators [11,12], mainly those 
called Matrix Metalloproteinases (MMPs).

MMPs constitute a broad heterogeneous family of enzymes 
responsible for breaking peptide bonds between protein amino acids 
[9,12]. In muscle tissue, MMP-2 and MMP-9, produced by myoblasts, 
fibroblasts, and endothelial cells [11,13] are prominent, creating a 
favorable environment for muscle repair [14]. MMPs are responsible 
for ECM renewal, increasing its chemotactic potential [10,15]. 
They are, for example, responsible for the cleavage and activation 
of Hepatocyte Growth Factor (HGF) [9], enabling it to bind with 
SC membrane receptors, such as c-Met, activating them and thus, 
inducing tissue repair by cell proliferation and differentiation [15]. 
In addition, MMP-2 is even involved in angiogenic processes after 
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mechanical stimuli, capable of generating myofibrillar hypertrophic 
effects (Figure 1) [16].

The gene encoding MMP-2 is located at the 16q13-q21 locus, with 
the C to T allelic variation, located at nucleotide -1306, being related 
to low transcription activity of this gene [17]. Thus, predisposition to 
pathologies occurs especially when variants of the MMP2 gene are 
associated with increased MMP-2 concentration, including chronic 
pain often comorbid with muscular TMD, such as migraine with aura 
[18,19].

Therefore, based on the role of these proteins in the 
pathophysiology of muscle lesions, as well as the natural regenerative 
processes following them, it was hypothesized that variants of the 
MMP2 gene could partially explain the variability of physiological 
tolerance and functional adaptation of the masticatory musculature, 
contributing to the onset and progression of the different 
manifestations of muscular TMD. Thus, the present study aimed to 
evaluate the possible association between genetic polymorphisms in 
regions rs243865, rs2287074, rs243847, rs11639960, rs9923304, and 
rs2285053 of the MMP2 gene and the frequency of occurrence of 
muscular TMD.

Methods
The study design is observational and cross-sectional, approved 

by the Research Ethics Committee of the Hospital Universitário 
Antônio Pedro/Fluminense Federal University, on September 25, 
2016, under opinion number 1.744.837. Free and informed consent 
forms were received and signed by the participants before the 
research carried out. In developing its design, the Strengthening the 
Reporting of Observational Studies in Epidemiology (STROBE) [20] 
recommendations were follow ed.

The study included individuals attended at the Fluminense 
Federal University (who were patients, or those accompanying them, 
seeking attention at the institution) between 18 and 65 years of 
age. Individuals were randomly selected over a period of two years. 
Exclusion criteria were: history of macro trauma in the TMJ region, 

joint surgery, diagnosis of rheumatoid arthritis, systemic lupus 
erythematosus, fibromyalgia, other types of systemic joint diseases, 
and/or previous treatment for TMD. The methodology of the study 
was divided into two stages:

1st stage - clinical diagnosis of TMD
All the participants in the study were clinically examined by 

the same evaluator using the Research Diagnostic Criteria for 
Temporomandibular Disorders (RDC/TMD) - Axis I (Schiffman 
et al. 2014), validated for the physical diagnosis of TMD. It allowed 
classification of participants in any of the following diagnostic 
subgroups: 0) Absence of TMD; 1) Painful muscle disorders; 2) 
Changes in the position of the articular disc; and 3) Painful and/or 
degenerative TMJ conditions. This process works in a non-mutually 
exclusive manner, allowing each participant to belong to more than 
one diagnostic sub-group.

The joint diagnoses (subgroups 2 and 3) were grouped together, 
forming a single “joint disorders” group. Thus, three groups were 
formed: a) Control (absence of TMD diagnosis); b) With muscle 
disorders; c) With joint disorders exclusively. This tool was applied 
to all the research participants by a single trained examiner (author 
L.L.B.).

2nd stage - Genotyping
Genomic DNA was obtained from saliva samples from all 

participants, as previously described [21]. The concentration 
and purity of the DNA were analyzed using the NanoDrop® 
spectrophotometer (Thermo Scientific, Wilmington, DE, USA). All 
samples had to have an A260nm/A280nm ratio greater than 1.9.

Six single nucleotide polymorphisms in the MMP2 gene 
(rs243865, rs2287074, rs243847, rs11639960, rs9923304, rs2285053) 
were selected, considering binding disequilibrium ratios and gene 
structure (Figure 1). These SNPs were previously identified and 
included in the National Center for Biotechnology Information 
database (http://www.ncbi.nlm.nih.gov/SNP/), with the lowest 
acceptable allele frequency being >0.12. All procedures followed the 
STREGA recommendations [21], just as in previous studies on the 
influence of different genes on the pathophysiology of TMD - ESR1, 
ESRRB, RANK, RANKL, and OPG [6,8].

Data processing and statistical analysis were done using the 
STATA 12.0 program (StataCorp, College Station, TX, USA). 
The sample size included the spontaneous demand of patients 
and accompanying persons at the Fluminense Federal University, 
respecting the inclusion criteria. This calculation was designed to 
detect a risk factor that attained 40% of the sample, with a 5% alpha 
and 90% power. To verify normal distribution of the numerical 
variables, the Shapiro-Wilk test was used, followed by analysis of 
variance with the Student’s t-test and the Mann-Whitney test, in 
the cases of normal and non-normal distribution, respectively. To 
evaluate the significance of the nominal variables between the groups, 
the chi-square test was used.

Differences in the frequency of genotypes and alleles between 
groups were analyzed using the chi-square test after assembly for the 
Hardy-Weinberg equilibrium. Statistical differences between groups 
were calculated using the chi-square test or Fisher’s exact test. To 
calculate linkage disequilibrium and haplotypes, the ARLEQUIN 

Figure 1: Flowchart of the study steps.
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software program was used (v.20; http://anthro.unige.ch/arlequin). 
Values of p≤0.05 were considered statistically significant, and the 
risks associated with individual alleles and genotypes were calculated 
as the odds ratio (OR) with a 95% Confidence Interval (CI).

Results
Characterization of the sample

From a total of 337 research participants evaluated over the 
two-year period, 325 were included in the study. One hundred and 
twenty-two (37.5%) had muscular TMD, 49 (15.1%) had only joint 
TMD, composing a control group with pain, and 154 (47.4%) had 
no type of painful disorder, representing the pain-free control group.

The muscular TMD group consisted of 85 (70%) women and 37 
(30%) men, and the control group with joint TMD was composed of 
32 (65.3%) women and 17 (34.7%) men. While in the TMD-pain-free 
control group, 94 (61%) were women and 60 (39%) were men. The 
overall mean age for all groups was 45.1 ± 12.3 years. There was no 
significant difference between gender and risk of developing muscle 
(p=0.17) or joint (p=0.71) disorders.

Analysis of the genetic association
The characteristics of the six polymorphisms studied in the 

MMP2 gene are presented in Table 1. A statistically significant 
higher prevalence of the polymorphic genotypes (CT + TT) could be 
observed in the individuals in the pain-free control group (p=0.04) 
(Table 2). 

Haplotype analysis showed a significant association between the 
TCCACC haplotype and protection against muscular TMD (p=0.01), 
(Table 3). The results (p=0.05) for the TCCACC haplotype, showing 
association with muscular TMD protection.

Discussion
Masticatory muscles differ from other skeletal muscles due 

to greater functional requirements for executing various specific 
motor activities, such as chewing, speech, and swallowing [22,23]. 
Thus, they are able to precisely control mandibular positioning and, 
simultaneously, alter the levels of force required for each activity [23]. 
However, the exacerbated mechanical induction in parafunctional 
situations perturbs the local blood flow, generating hypoxia and/or 
ischemia, and thus, neuroactive and inflammatory biomarkers signal 
inflammatory and regenerative processes. In situations of imbalance 
of ECM components, pain signals are generated, characterizing the 
development of muscular TMD [24]. 

In order to understand the mechanisms involved in the masticatory 

muscular process, the expression of MMP-2 and histological 
characteristics of the masseter muscle after unilateral tooth extraction 
were analyzed. The authors concluded that the intervention induced 
mechanical loading and, consequently, remodeling of muscle fibers, 
evidenced by the high levels of MMP-2 on the intervention side [25]. 
Since the physiological mechanisms related to muscle adjustments 
cause qualitative and quantitative changes in the structure of the 
masticatory muscles [26], as well as morphofunctional changes, 
such as osteoporosis of the jaw, there is a greater need for additional 
recruitment of muscle fibers in mastication, generating stress and 
tissue fatigue [27].

Occlusal asymmetries, such as those related to malocclusion with 
unilateral posterior crossbite, may also alter mandibular kinematics 
with reverse chewing cycles and change in masseter muscle 
coordination, demonstrating less activation or even muscle atrophy 
on the affected side. In contrast, the contralateral side exhibits greater 
remodeling of the ECM and proliferation of SC possibly related to 
greater mechanical overload [28]. Similarly, other authors have 
observed positive regulation of MMP-2 in reperfusion injury after 
ischemia in the skeletal muscle of rats, therefore concluding that 
the inhibition of enzyme activity presents therapeutic potential in 
reducing the severity of these lesions [29].

The remodeling of the craniofacial musculature with genetic 
predisposition can also be observed in individuals with altered facial 
forms. Tippett et al. performed biopsies on 20 volunteers (10 with 
hyperdivergent facial type and 10 with facial divergence) to evaluate 
the proteolytic activity of the MMP2 and MMP9 genes. The results 
demonstrated individual variation in the expression and suggested 
that there is a relationship between the reduction of MMP-2 activity, 
the vertical facial pattern, and the consequent needs for adaptive 
muscle function [30].

In this context, MMP-2 activity, widely described in muscle 
repair processes, may be aided or impaired by alterations of this 
coding gene. The first region of the MMP2 gene evaluated in the 
present study (rs243865) had already been investigated in previous 
studies, demonstrating association with several pathologies [31-33]. 
In these studies, the C (Cytosine) to T (Thymine) allelic variation 
(rs243865) was associated with the lower gene expression of MMP-
2. In contrast, the CC genotype (cytosine-cytosine) proved to be 
associated with higher MMP-2 expression [33]. In the present 
study, the polymorphisms were more prevalent in individuals free 
of masticatory muscular pain, suggesting a protective relationship 
related to the equilibrium of the activity of these enzymes.

However, longitudinal studies need to be conducted, as well as 

Gene symbol  Gene name SNP Chromosome Base pair position* SNP type
Base changea

MFAb

Major Minor

MMP2 Matrix metalloprotease 2

rs243865

16

55477894 Upstream variant C T 0.13

rs2287074 55493201 Synonymous codon A C 32

rs243847 55490086 Intragenic C T 0.34

rs11639960 55499358 Intragenic A G 0.23

rs9923304 55496389 Intragenic C T 0.31

rs2285053 55478465 Upstream variant C T 0.15

Table 1: Characteristics of the polymorphisms studied in the MMP2 gene.

SNP: Single Nucleotide Polymorphism. aBase change according to Applied Biosystems. bMAF: Minor Allele Frequency according to GenBank.
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other genetic studies, considering specific miRNA analysis and the 
level of gene expression and tissue proteins in individuals diagnosed 
with TMD. The lack of hypotheses or specific analyses of the MMP2 
gene in individuals with TMD does not imply the absence of 
association, further emphasizing the importance of data analysis in 
larger samples and in the Brazilian population, if possible, for a better 
discussion of the results presented.

The present study made it possible to trace the genetic profile of 
individuals with muscular TMD by means of polymorphic regions. 
Based on results, it is suggested that there is genetic influence in 
the expression and/or function of MMP-2 and, consequently, 
in SC activation, implying an increase in the risk of developing 
muscular TMD. Therefore, the importance and uniqueness of the 
association studied here is highlighted, which opens the way to a 

better understanding of different genetic characteristics related to 
chronic orofacial pain, as well as to the development of personalized 
therapeutic behaviors.

Conclusion
Polymorphism in the MMP2 gene (rs243865) is related to 

protection against muscular TMD.
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