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Abstract
Introduction
Primary knee osteoarthritis (OA) is a multifactorial degenerative joint disorder characterized by articular
cartilage degradation. Matrix metalloproteinases (MMPs) have been reported to play a vital role in OA
pathogenesis, significantly contributing to extracellular matrix (ECM) catabolism. The purpose of this study
is to investigate the association of MMP-2 -1575G/A (rs243866), MMP-9 836A/G (rs17576), and MMP-13 -
77A/G (rs2252070) gene polymorphisms with knee OA in the Greek population.

Methods
One hundred patients (24% males, mean age: 68.3 years) with primary knee OA were included in the study
along with 100 controls (47% males, mean age: 65.2 years). Genotypes were identified through polymerase
chain reaction (PCR) and restriction fragment length polymorphism (RFLP) technique. Allelic and genotypic
frequencies were compared between patients and controls.

Results
The MMP-13 -77A/G polymorphism was significantly associated with knee OA in the crude analysis (P =
0.008). After binary logistic regression analysis, the dominant model of the MMP-13 -77A/G (AG + GG versus
AA) was found to be associated with increased risk for knee OA (odds ratio (OR) = 2.290, 95% confidence
interval (95%CI) = 1.059-4.949, P = 0.035). Compared to the A allele, the G allele in the MMP-13  rs2252070
locus was a predictive factor for knee OA (OR = 2.351, 95%CI = 1.134-4.874, P = 0.022). No significant
associations were detected for the MMP-2 -1575G/A and MMP-9 836A/G polymorphisms (P > 0.05).

Conclusions
The present study shows that the MMP-2 -1575G/A and MMP-9 836A/G polymorphisms are not significantly
associated with primary knee OA in the Greek population. The MMP-13 -77A/G was found to be a significant
risk factor for knee OA in the Greek population. Additional research is needed to verify this association in
larger and different populations, in different joints, to elucidate the role of this single nucleotide
polymorphism (SNP) in OA pathogenesis.
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Introduction
Primary knee osteoarthritis (OA) is a degenerative joint disorder that affects millions of patients worldwide.
Knee OA is a complex disease characterized by articular cartilage degradation, synovial inflammation,
osteophyte formation, and subchondral bone sclerosis. The cumulative effect of these processes ultimately
results in the characteristic cartilage erosion, pain, and functional impairment seen in primary knee OA. Its
pathogenesis involves a complex interplay of genetic, mechanical, and biochemical factors [1].

Matrix metalloproteinases (MMPs) are a family of zinc-dependent endopeptidases that play pivotal roles in
tissue remodeling, embryogenesis, angiogenesis, cellular proliferation and apoptosis, cytokine activity,
wound healing, and various pathological processes [2]. These enzymes are involved in the degradation of
extracellular matrix (ECM) components, thus influencing the structure and function of tissues throughout
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the body. MMP activity is tightly regulated at multiple levels to prevent excessive tissue degradation. The
transcription of MMP genes is influenced by cytokines, growth factors, and tissue-specific signals [3].
Dysregulation of MMP activity can result in pathological tissue remodeling, contributing to degenerative
tissue changes in OA [4].

Chondrocyte-derived MMPs play a dual role in the knee joint, contributing to normal joint homeostasis and
the pathogenesis of knee OA. In normal knees, they are produced at low levels; however, this production is
enhanced in osteoarthritic tissues [5]. Elevated MMP activity, particularly MMP-1 and MMP-13, contributes
to the degradation of articular cartilage [6]. Increased MMP activity can produce pro-inflammatory
cytokines, contributing to synovitis and the release of further degradative enzymes. MMPs produced by
activated osteoblasts located within subchondral cysts influence the remodeling of subchondral bone,
contributing to the formation of osteophytes seen in OA [7]. MMPs can affect bone turnover, leading to
subchondral sclerosis and alterations in bone morphology [8].

MMP production is regulated at the genetic level, as most MMP genes are only expressed during tissue
remodeling. The regulation of MMP gene expression involves a complex interplay of transcription factors,
signaling pathways, and epigenetic modifications. A single nucleotide polymorphism (SNP) is a common
genetic variation that contributes to genetic diversity at a single nucleotide. The identified SNPs in genes
encoding MMPs influence MMP expression, production, and enzymatic activity [9].

The MMP-2 -1575G/A polymorphism (rs243866) results from the substitution of guanine for adenine at
position 1575 of the gene promoter and is located very close to a potential estrogen receptor binding site.
The G allele acts as a transcriptional enhancer, while the A allele reduces the MMP-2 transcriptional activity
[10]. This polymorphism has been associated with hypertension, heart failure, myocardial infarction,
childhood obesity, colon cancer, prostate cancer, primary ovarian insufficiency, and open-angle glaucoma
[11].

The MMP-9 gene is located on chromosome 20q11.2-q13.1 and consists of 13 exons. The MMP-9 c.836A>G
(rs17576) polymorphism is located in exon 6 and results from adenine to guanine substitution at position
836, affecting the substrate binding domain of the MMP-9 enzyme, substituting an uncharged amino acid
(glutamine) for a positively charged amino acid (arginine) (p.Gln279Arg). This polymorphism probably alters
the conformation of the protein, leading to a change in the substrate binding and MMP-9 enzymatic activity
[12]. The rs17576 polymorphism has been associated with a plethora of diseases such as hypertension,
atherosclerosis, coronary artery disease, diabetes mellitus, asthma, Parkinson's disease, glaucoma, and
malignant tumors (mesothelioma, nasopharyngeal carcinoma, lung cancer, and cervical cancer) [13,14].

SNPs in the promoter region of the MMP-13 gene can influence gene expression and, in turn, affect the
production, structure, and function of the MMP-13 enzyme. The MMP-13 -77A/G polymorphism (rs2252070)
of the promoter region results from the substitution of adenine for guanine at position 77. The presence of
the A allele is associated with a double higher transcriptional activity of the MMP-13 gene in comparison to
the G allele [15]. The specific SNP has been identified as a risk factor for several types of cancer and chronic
inflammatory diseases [15].

Based on the potential role of MMPs in knee OA pathogenesis [4,8], we assumed that the existence of SNPs
in MMP genes may affect their production and enzymatic activity, thus contributing to OA progression. The
purpose of this study is to investigate the effect of gene polymorphisms MMP-2 -1575G/A (rs243866), MMP-
9 836A/G (rs17576), and MMP-13 -77A/G (rs2252070) in the risk of knee OA in the Greek population.

Materials And Methods
The study was approved by the Ethics Review Committee of Papageorgiou General Hospital (197/17.6.2020).
Written informed consent was obtained from all participants before the collection of blood samples. A
prospective, non-randomized case-control study was conducted in our institution between July 2020 and
May 2022. The patient group included adults, with primary knee OA and a score ≥ 2 on the Kellgren and
Lawrence (K-L) scale [16]. All participants underwent knee clinical examination and anteroposterior knee X-
rays to diagnose knee OA. Patients were excluded in the presence of secondary knee arthritis, including
rheumatoid, inflammatory, post-traumatic, or septic arthritis. The control group consisted of adults without
any symptoms or clinical signs of knee OA, including knee pain, swelling, tenderness, and limited motion,
with a score < 2 on the K-L scale. The demographic and radiological data of the participants and their body
mass index (BMI) were also recorded.

Venous blood sample (5 mL) was collected from each participant and stored at -20°C in sodium citrate tubes.
DNA was isolated with a DNA extraction kit (QIAamp DNA Blood Midi Kit, QIAGEN Inc., Valencia, CA)
according to the manufacturer's instructions. The quality and quantity of DNA were checked using an
ultraviolet-visible (UV-vis) spectrophotometer (Nanodrop, Thermo Fisher Scientific, Waltham, MA).
Genotyping was carried out by standard polymerase chain reaction (PCR) and restriction fragment length
polymorphism (RFLP), as previously described [17-19].
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For the -1575G/A SNP (rs243866), the MMP-2 gene was amplified by PCR using the sense primer 5’-
GTCTGAAGCCCACTGAGACC-3’ and the antisense primer 5’-CTAGGAAGGGGGCAGATAGG-3’ following an
initial denaturation step at 94°C for eight minutes and amplification of 40 cycles in a three-step reaction
that consisted of denaturation at 94°C for 60 seconds, annealing at 56°C for 30 seconds, and extension at
72°C for 50 seconds, with a final extension step at 72°C for five minutes. Then, 8 μL of PCR product (175 bp)
was digested with 3U NlaIII (New England Biolabs, Inc., Ipswich, MA), 2 μL 10× buffer, and 8 μL ddH2O for 16
hours at 37°C. Transition of G à A at position -1575 of the promoter region creates a NlaIII digestion site,
whereas the PCR product amplified from the wild type is resistant to NlaIII digestion. The undigested wild
type PCR products and the cleavage products were separated by electrophoresis on a 2% agarose gel
containing ethidium bromide (EtBr) and further visualized under ultraviolet light. Digestion of the PCR
products yielded bands of 175 bp in GG-homozygotes, 112 and 63 bp in AA-homozygotes, and all three
bands (175, 112, and 63 bp fragments) in heterozygotes.

For the 836A/G SNP (rs17576), the MMP-9 gene was amplified by PCR with the sense primer 5’-
TCACCCTCCCGCACTCTGG-3’ and the antisense primer 5’- CGGTCGTAGTTGGCGGTGG-3’, using an initial
denaturation step at 95°C for five minutes, followed by 30 cycles of amplification in a three-step reaction
that consisted of denaturation at 94°C for 30 seconds, annealing at 66°C for 60 seconds, and elongation at
72°C for 60 seconds, with a final extension step at 72°C for 10 minutes. Then, the PCR product (300 bp) was
digested with Msp1 (New England Biolabs, Inc.) for 16 hours at 37°C. A single fragment of 300 bp was
identified as AA-homozygotes; three fragments of 300, 170, and 130 bp were identified as AG-
heterozygous; and two fragments of 170 and 130 bp were identified as GG-homozygotes. All products were
separated by electrophoresis on a 3% agarose gel stained with EtBr, and they were visualized under
ultraviolet light.

For the -77A/G, the MMP-13 gene was amplified by PCR with the sense primer 5’-
GATACGTTCTTACAGAAGGC-3’ and the antisense primer 5'-GACAAATCATCTTCATCACC-3', using an initial
denaturation step at 94°C for 10 minutes, followed by 35 cycles of amplification in a three-step reaction that
consisted of denaturation at 94°C for 30 seconds, annealing at 66°C for 30 seconds, and elongation at 72°C
for 45 seconds, with a final extension step at 72°C for three minutes. The PCR product (10 μL) was digested
by 4U of BsrI at 65°C overnight. The A allele is represented by a band of DNA with 445 bp and the G allele by
two bands of DNA with 248 and 197 bp. The AG-heterozygous genotype has a combination of both alleles. All
products were separated by electrophoresis on a 5% agarose gel containing EtBr and visualized under
ultraviolet light. Each gel was read by two unbiased scientists unaware of the subject's disease status.

Statistical analysis was conducted using the PASW 17 (SPSS release 17.0; SPSS Inc., Chicago, IL). Continuous
variables (age and BMI) were expressed as mean ± standard deviation (SD). Categorical variables (gender,
genotype, and allele frequencies) were expressed as frequency (number) and the corresponding percentages
(%). Testing for normality of the distribution of measurements was done using the Kolmogorov-Smirnov test
or Shapiro-Wilk test. Student's unpaired t test was used to compare continuous values among cases and
controls and any other subgroups. Categorical variables were compared using the chi-square (X2) test. The
chi-square test was used to test the genotype distributions for deviation from Hardy-Weinberg equilibrium.
Binary logistic regression analysis was used to estimate the relative risk of OA for each of the tested
genotypes and haplotypes in the form of odds ratio (OR) and to identify independent prognostic factors for
knee OA. A probability value of P < 0.05 was considered statistically significant. Based on a priori power
analysis, it was estimated that at least 100 patients per group were needed to detect a 15% difference in
allele frequencies to achieve a statistical power of 80% at a significance of 0.05.

Results
The study included 100 patients with a mean age of 68.3 ± 6.0 years with primary knee OA and 100 controls

with a mean age of 65.2 ± 8.1 years. The BMI of patients with OA (28.8 kg/m2) was higher, compared to

controls (25.9 kg/m2) (P < 0.001). The demographics of the studied population are summarized in Table 1.
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Controls Cases Overall

P-value

Number (%) Number (%) Number (%)

Gender    0.001

 Female 53 (53.0) 76 (76.0) 129 (64.5)  

 Male 47 (47.0) 24 (24.0) 71 (35.5)  

 Mean (SD) Mean (SD) Mean (SD) P-value

Age (years) 65.2 (8.1) 68.3 (6.0) 66.8 (7.3) 0.006

BMI (kg/m2) 25.9 (1.7) 28.8 (2.3) 27.3 (2.5) <0.001

TABLE 1: Descriptive characteristics of the study sample
SD: standard deviation, BMI: body mass index

Concerning radiological severity, 16% of OA patients were classified as K-L scale of 2, 72% on a scale of 3,
and 12% on a scale of 4.

MMP-9 836A/G and MMP-13 -77A/G polymorphisms did not deviate from Hardy-Weinberg equilibrium (P >
0.05). In the distribution of the genotypes of the MMP-2 -1175G/A polymorphism, a marginal deviation from
the Hardy-Weinberg equilibrium was observed (P = 0.05) for the total population, but not individually for
patients and controls. The genotypic and allelic frequencies of MMP-2 -1175G/A, MMP-9 836A/G, and MMP-
13 -77A/G polymorphisms are summarized in Table 2.

 Controls Cases

P-value Crude OR (95%CI)

SNP Number (%) Number (%)

MMP-2 -1175G/A     

GG 68 (68.0) 60 (60.0)  1

GA 26 (26.0) 32 (32.0) 0.295 1.39 (0.75-2.60)

AA 6 (6.0) 8 (8.0) 0.468 1.51 (0.50-4.60)

Dominant model    

GG 68 (68.0) 60 (60.0)  1

GA + AA 32 (32.0) 40 (40.0) 0.239 1.42 (0.79-2.53)

Recessive model    

GG + GA 94 (94.0) 92 (92.0)  1

AA 6 (6.0) 8 (8.0) 0.581 1.36 (0.45-4.08)

Allele frequencies    

G 0.81 0.76  1

A 0.19 0.24 0.224 1.35 (0.83-2.18)

MMP-9 836 A/G     

AA 48 (48.0) 40 (40.0)  1

AG 40 (40.0) 52 (52.0) 0.138 1.56 (0.87-2.81)

GG 12 (12.2) 8 (8.0) 0.658 0.80 (0.30-2.15)

Dominant model    

AA 48 (48.0) 40 (40.0)  1
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AG + GG 52 (52.0) 60 (60.0) 0.256 1.38 (0.79-2.43)

Recessive model    

AA + AG 88 (88.0) 92 (92.0)  1

GG 12 (12.2) 8 (8.0) 0.349 0.64 (0.25-1.63)

Allele frequencies    

A 0.68 0.66  1

G 0.32 0.34 0.671 1.09 (0.72-1.66)

MMP-13 -77A/G     

AA 74 (74.0) 56 (56.0)  1

AG 26 (26.0) 40 (40.0) 0.021 2.03 (1.11-3.72)

GG 0 (0.0) 4 (4.0) 0.099 11.87 (0.62-224.97)

Dominant model    

AA 74 (74.0) 56 (56.0)  1

AG + GG 26 (26.0) 44 (44.0) 0.008 2.23 (1.23-4.06)

Recessive model    

AA + AG 100 (100.0) 96 (96.0)  1

GG 0 (0.0) 4 (4.0) 0.135 9.37 (0.50-176.44)

Allele frequencies    

A 0.87 0.76  1

G 0.13 0.24 0.005 2.11 (1.25-3.57)

TABLE 2: Genotype and allelic frequencies
OR: odds ratio, CI: confidence interval, SNP: single nucleotide polymorphism

For the MMP-2 -1175G/A and MMP-9 836A/G polymorphisms, there was no significant difference in
genotype distribution between patients and controls (P = 0.495 and P = 0.213, respectively). Similarly, there
was no significant difference in the frequencies of alleles (P = 0.223 and P = 0.670, respectively). However,
for MMP-13 -77A/G polymorphism, the percentage of AA genotype was lower in OA patients (56%) in
comparison to controls (74%) (P = 0.009), and the prevalence of the G allele was higher in OA cases (24%)
compared to controls (13%) (P = 0.005).

In binary logistic analysis, OA was tested as the dependent variable, while age, gender, and BMI were tested
as independent variables. The dominant model of the MMP-13 -77A/G (AG + GG versus AA) was associated
with increased risk for knee OA (dominant model: OR = 2.290, 95%CI = 1.059-4.949, P = 0.035). The G allele
in the MMP-13 rs2252070 locus was found to be a predictive factor for knee OA (OR = 2.351, 95%CI = 1.134-
4.874, P = 0.022). Female gender and increased BMI were also predisposing factors for knee OA. Results from
binary regression analysis are presented in Table 3.
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 Adjusted OR (95%CI) P-value

MMP-13   

     AG + GG versus AA 2.290 (1.059-4.949) 0.035

     G allele versus A allele 2.351 (1.134-4.874) 0.022

Age 1.045 (0.992-1.100) 0.096

BMI 2.002 (1.627-2.462) <0.001

Gender (men versus women) 4.244 (1.878-9.593) 0.001

TABLE 3: Results from binary regression analysis for the association between MMP-13 -77A/G
SNP and risk of knee OA, adjusted for age, gender, and BMI
MMP: matrix metalloproteinase, SNP: single nucleotide polymorphism, OA: osteoarthritis, BMI: body mass index, OR: odds ratio, CI: confidence interval

Discussion
To the best of our knowledge, this is the first study attempting to evaluate the role of the polymorphisms -
1575G/A MMP-2 (rs243866), 836A/G MMP-9 (rs17576), and -77A/G MMP-13 (rs2252070) in the risk of knee
OA in the Greek population. The results of this study suggest that the MMP-13 -77A/G SNP is a risk factor for
knee OA in the Greek population. No association was detected between the MMP-2 -1575G/A and the MMP-
9 836 A/G polymorphisms.

SNPs are the most common type of genetic variation found in humans. They are a natural part of genetic
diversity and can occur throughout the genome. SNPs are usually present in at least 1% of the population.
Genome-wide association studies (GWAS) often rely on the analysis of SNPs to identify links between
specific genetic variants and diseases. Considering the heterogeneity and complexity of osteoarthritis, it is
not surprising that these SNPs have different levels of association with OA. Some SNPs may be specific for
OA (hip, knee, and hand) subtypes between different ethnic groups, but the results show a wide range of
deviations [20].

MMP-2 is produced by various cell types within the joint, including chondrocytes and synovial cells, and it
can contribute to inflammation by degrading ECM type IV collagen and releasing bioactive fragments that
trigger synovial inflammatory responses. Elevated levels of MMP-2 have been observed in the synovial fluid
and cartilage of OA patients, particularly in the advanced stages of the disease [21]. The present study
concluded that the -1575G/A MMP-2 SNP does not affect the risk for knee OA, a finding that comes in
agreement with the study by Barlas et al. [22], which found no association between MMP-2 -1306 C/T
(rs243865) and knee OA risk in a Turkish population.

In articular cartilage, MMP-9 is produced by immune cells, such as monocytes and macrophages. MMP-9 is
also secreted by articular chondrocytes at low levels, regulating MMP-9 expression by monocytes. Increased
levels of MMP-9 have been found in the synovial fluid of OA patients [23]. In agreement with the results of
the present study, the 836A/G MMP-9 SNP was not found to be related to knee OA in a Finnish population
[24]. Moreover, another SNP in the promoter region of the MMP-9 gene (-1562C/T) was not associated with
knee OA in Turkish populations [22].

MMP-13 is the most studied MMP in OA pathophysiology as it has a five- to 10-fold higher enzymatic
activity than MMP-1 in the breakdown of type II collagen. Moreover, MMP-13 may degrade other types of
ECM proteins playing an important role in normal ECM remodeling and reorganization in healthy cartilage
[25]. MMP-13 overactivity leads to the progressive degradation of cartilage, resulting in the characteristic
loss of cartilage thickness and quality seen in OA [26]. Elevated levels of MMP-13 have been observed in the
synovial fluid, cartilage, and subchondral bone of OA patients, particularly in the advanced stages of the
disease.

The -77A/G polymorphism is believed to influence the transcriptional activity of the MMP-13 gene. When
the A allele is replaced by the G one, there is a decrease in the affinity for the transcription factor activator
protein-1 (AP-1) responsible for tissue-specific MMP transcription [27]. Higher expression of MMP-13 can
result in greater cartilage degradation, potentially contributing to OA progression. The present study has
concluded that the AA genotype and the presence of the A allele are associated with a lower risk of knee OA
in the Greek population (OR = 0.437, 95%CI = 0.202-0.944, P = 0.035). This finding contradicts the
conclusions of another case-control study that suggested that the MMP-13 -77A/G polymorphism is
associated with increased risk for knee OA and positively correlated with knee OA severity in the Chinese
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Han population (OR = 1.361, 95%CI = 1.151-1.569, P < 0.001). The A allele was associated with a 24%
increased risk for knee OA [28].

The observed difference between the two studies may be attributed to several factors. The mean age and BMI
of the studied population in the present study were significantly higher, suggesting that OA patients were
older and more obese. The ratio of male gender was significantly lower in the present study. In our study, the
majority of patients were classified as K-L score 3 (72%), while in the study of Sun et al. [28], most patients
were classified as K-L score 2 (54.5%). All these facts raise the possibility that our study included patients
with more severe knee OA. Moreover, the frequency of the A allele in the present study was 82%, while in the
Chinese Han population, the frequency of the A allele was 36.9%, verifying the fact that the A allele is rarer
in Asian populations [28]. In conclusion, the disagreement between the two studies can be explained by the
racial and ethnic variations, different environmental interactions, and potential differences in knee OA
severity in the patient group. It is important to note that the development and progression of OA are
complex and involve interactions between genetic factors, environmental factors, and other genetic
polymorphisms. The -77A/G polymorphism is just one piece of the puzzle, and its effects may be influenced
by other genetic and environmental factors.

Two studies have been published in Greek populations, investigating the potential association of the MMP-
13 -77A/G polymorphism with various diseases. Vairaktaris et al. [29] found that the presence of the A allele
is not associated with oral cancer. A similar case-control study by Makrygiannis et al. [30] found no
association between the MMP-13 -77A/G and large abdominal aortic aneurysms in the Greek population. In
these two studies, the frequency of the A allele was 66.4% and 62.4%, respectively.

The present study has several limitations. First, the study population is relatively low, creating the
possibility of type I or type II errors. The observed lack of association of -1575G/A MMP-2 and 836A/G MMP-
9 polymorphisms may simply reflect that these SNPs have a minor influence in knee OA pathogenesis, which
is too small to be detected with our study population, and a larger study population may be required.
Second, we evaluated only one SNP of MMP-2, MMP-9, and MMP-13. It is possible that the other SNPs
might also be associated with MMP expression levels. After all, the existence of external mechanical forces
that may contribute to the development and progression of knee OA could not be ruled out.

Conclusions
The present study indicated that the MMP-2 -1575G/A (rs243866) and MMP-9 836A/G (rs17576)
polymorphisms are not associated with primary knee OA in the Greek population. The MMP-13 -77A/G had a
significantly higher rate in the knee OA group compared to the control group in the Greek population.
Additional research is needed to verify MMP-13 -77A/G as a significant risk factor for knee OA, evaluating
this association in larger and different populations, in different joints, and to elucidate the role of this
polymorphism in the pathogenesis of OA.

Additional Information
Author Contributions
All authors have reviewed the final version to be published and agreed to be accountable for all aspects of the
work.

Concept and design:  Panagiotis Lepetsos, Christos Milaras, Andreas Pampanos, Eustathios Kenanidis,
George A. Macheras, Despoina Mavrogianni, Dimitra Dafou, Michael Potoupnis, Eleftherios Tsiridis

Acquisition, analysis, or interpretation of data:  Panagiotis Lepetsos, Christos Milaras, Andreas
Pampanos, Eustathios Kenanidis, George A. Macheras, Despoina Mavrogianni, Dimitra Dafou, Michael
Potoupnis, Eleftherios Tsiridis

Drafting of the manuscript:  Panagiotis Lepetsos, Christos Milaras, Andreas Pampanos, Eustathios
Kenanidis, George A. Macheras, Despoina Mavrogianni, Dimitra Dafou, Michael Potoupnis, Eleftherios
Tsiridis

Critical review of the manuscript for important intellectual content:  Panagiotis Lepetsos, Christos
Milaras, Andreas Pampanos, Eustathios Kenanidis, George A. Macheras, Despoina Mavrogianni, Dimitra
Dafou, Michael Potoupnis, Eleftherios Tsiridis

Supervision:  Panagiotis Lepetsos, Christos Milaras, Andreas Pampanos, Eustathios Kenanidis, George A.
Macheras, Despoina Mavrogianni, Dimitra Dafou, Michael Potoupnis, Eleftherios Tsiridis

Disclosures
Human subjects: Consent was obtained or waived by all participants in this study. The Ethics Review
Committee of Papageorgiou General Hospital issued approval 197/17.6.2020. The study was approved by the

 

2024 Milaras et al. Cureus 16(7): e65379. DOI 10.7759/cureus.65379 7 of 9

javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)


Ethics Review Committee of Papageorgiou General Hospital (197/17.6.2020). The hospital belongs to
Aristotle University of Thessaloniki, School of Medicine, Thessaloniki, Greece. Animal subjects: All
authors have confirmed that this study did not involve animal subjects or tissue. Conflicts of interest: In
compliance with the ICMJE uniform disclosure form, all authors declare the following: Payment/services
info: All authors have declared that no financial support was received from any organization for the
submitted work. Financial relationships: All authors have declared that they have no financial
relationships at present or within the previous three years with any organizations that might have an
interest in the submitted work. Other relationships: All authors have declared that there are no other
relationships or activities that could appear to have influenced the submitted work.

References
1. Xia B, Di Chen, Zhang J, Hu S, Jin H, Tong P: Osteoarthritis pathogenesis: a review of molecular

mechanisms. Calcif Tissue Int. 2014, 95:495-505. 10.1007/s00223-014-9917-9
2. Cauwe B, Van den Steen PE, Opdenakker G: The biochemical, biological, and pathological kaleidoscope of

cell surface substrates processed by matrix metalloproteinases. Crit Rev Biochem Mol Biol. 2007, 42:113-85.
10.1080/10409230701340019

3. Murphy G, Knäuper V: Relating matrix metalloproteinase structure to function: why the "hemopexin"
domain?. Matrix Biol. 1997, 15:511-8. 10.1016/s0945-053x(97)90025-1

4. Mehana EE, Khafaga AF, El-Blehi SS: The role of matrix metalloproteinases in osteoarthritis pathogenesis:
an updated review. Life Sci. 2019, 234:116786. 10.1016/j.lfs.2019.116786

5. Chubinskaya S, Kuettner KE, Cole AA: Expression of matrix metalloproteinases in normal and damaged
articular cartilage from human knee and ankle joints. Lab Invest. 1999, 79:1669-77.

6. Freemont AJ, Hampson V, Tilman R, Goupille P, Taiwo Y, Hoyland JA: Gene expression of matrix
metalloproteinases 1, 3, and 9 by chondrocytes in osteoarthritic human knee articular cartilage is zone and
grade specific. Ann Rheum Dis. 1997, 56:542-9. 10.1136/ard.56.9.542

7. Kaspiris A, Khaldi L, Grivas TB, et al.: Subchondral cyst development and MMP-1 expression during
progression of osteoarthritis: an immunohistochemical study. Orthop Traumatol Surg Res. 2013, 99:523-9.
10.1016/j.otsr.2013.03.019

8. Tchetverikov I, Lohmander LS, Verzijl N, Huizinga TW, TeKoppele JM, Hanemaaijer R, DeGroot J: MMP
protein and activity levels in synovial fluid from patients with joint injury, inflammatory arthritis, and
osteoarthritis. Ann Rheum Dis. 2005, 64:694-8. 10.1136/ard.2004.022434

9. Misra S, Talwar P, Kumar A, et al.: Association between matrix metalloproteinase family gene
polymorphisms and risk of ischemic stroke: a systematic review and meta-analysis of 29 studies. Gene.
2018, 672:180-94. 10.1016/j.gene.2018.06.027

10. Harendza S, Lovett DH, Panzer U, Lukacs Z, Kuhnl P, Stahl RA: Linked common polymorphisms in the
gelatinase a promoter are associated with diminished transcriptional response to estrogen and genetic
fitness. J Biol Chem. 2003, 278:20490-9. 10.1074/jbc.M211536200

11. Gajewska B, Śliwińska-Mossoń M: Association of MMP-2 and MMP-9 polymorphisms with diabetes and
pathogenesis of diabetic complications. Int J Mol Sci. 2022, 23: 10.3390/ijms231810571

12. Wu HD, Bai X, Chen DM, Cao HY, Qin L: Association of genetic polymorphisms in matrix
metalloproteinase-9 and coronary artery disease in the Chinese Han population: a case-control study. Genet
Test Mol Biomarkers. 2013, 17:707-12. 10.1089/gtmb.2013.0109

13. Zou F, Zhang J, Xiang G, Jiao H, Gao H: Association of matrix metalloproteinase 9 (MMP-9) polymorphisms
with asthma risk: a meta-analysis. Can Respir J. 2019, 2019:9260495. 10.1155/2019/9260495

14. Bogari NM, Naffadi HM, Babalghith AO, et al.: Influence of matrix metalloproteinase 9 variant rs17576 on
ischemic stroke risk and severity in acute coronary syndrome. J Stroke Cerebrovasc Dis. 2024, 33:107824.
10.1016/j.jstrokecerebrovasdis.2024.107824

15. Yoon S, Kuivaniemi H, Gatalica Z, et al.: MMP13 promoter polymorphism is associated with atherosclerosis
in the abdominal aorta of young black males. Matrix Biol. 2002, 21:487-98. 10.1016/s0945-053x(02)00053-7

16. KE JH, LA JS: Radiological assessment of osteo-arthrosis. Ann Rheum Dis. 1957, 16:494-502.
10.1136/ard.16.4.494

17. Kamal A, Elgengehy FT, Abd Elaziz MM, Gamal SM, Sobhy N, Medhat A, El Dakrony AH: Matrix
metalloproteinase-9 RS17576 gene polymorphism and Behçet’s disease: is there an association?. Immunol
Invest. 2017, 46:460-8. 10.1080/08820139.2017.1296857

18. Cheng J, Hao X, Zhang Z: Risk of macular degeneration affected by polymorphisms in matrix
metalloproteinase-2: a case-control study in Chinese Han population. Medicine (Baltimore). 2017, 96:e8190.
10.1097/MD.0000000000008190

19. Pinto GM, Assunção JH, Santos MC, et al.: The polymorphism of metalloproteinases 1 and 13 and
posttraumatic elbow stiffness. Acta Ortop Bras. 2022, 30:e253503. 10.1590/1413-785220223001e253503

20. Warner SC, Valdes AM: Genetic association studies in osteoarthritis: is it fairytale? . Curr Opin Rheumatol.
2017, 29:103-9. 10.1097/BOR.0000000000000352

21. Lipari L, Gerbino A: Expression of gelatinases (MMP-2, MMP-9) in human articular cartilage . Int J
Immunopathol Pharmacol. 2013, 26:817-23. 10.1177/039463201302600331

22. Barlas IO, Sezgin M, Erdal ME, Sahin G, Ankarali HC, Altintas ZM, Türkmen E: Association of (-1,607) 1G/2G
polymorphism of matrix metalloproteinase-1 gene with knee osteoarthritis in the Turkish population (knee
osteoarthritis and MMPs gene polymorphisms). Rheumatol Int. 2009, 29:383-8. 10.1007/s00296-008-0705-6

23. Zeng GQ, Chen AB, Li W, Song JH, Gao CY: High MMP-1, MMP-2, and MMP-9 protein levels in
osteoarthritis. Genet Mol Res. 2015, 14:14811-22. 10.4238/2015.November.18.46

24. Näkki A, Rodriguez-Fontenla C, Gonzalez A, et al.: Association study of MMP8 gene in osteoarthritis .
Connect Tissue Res. 2016, 57:44-52. 10.3109/03008207.2015.1099636

25. Shiomi T, Lemaître V, D'Armiento J, Okada Y: Matrix metalloproteinases, a disintegrin and
metalloproteinases, and a disintegrin and metalloproteinases with thrombospondin motifs in non-

 

2024 Milaras et al. Cureus 16(7): e65379. DOI 10.7759/cureus.65379 8 of 9

https://dx.doi.org/10.1007/s00223-014-9917-9
https://dx.doi.org/10.1007/s00223-014-9917-9
https://dx.doi.org/10.1080/10409230701340019
https://dx.doi.org/10.1080/10409230701340019
https://dx.doi.org/10.1016/s0945-053x(97)90025-1
https://dx.doi.org/10.1016/s0945-053x(97)90025-1
https://dx.doi.org/10.1016/j.lfs.2019.116786
https://dx.doi.org/10.1016/j.lfs.2019.116786
https://pubmed.ncbi.nlm.nih.gov/10616215/
https://dx.doi.org/10.1136/ard.56.9.542
https://dx.doi.org/10.1136/ard.56.9.542
https://dx.doi.org/10.1016/j.otsr.2013.03.019
https://dx.doi.org/10.1016/j.otsr.2013.03.019
https://dx.doi.org/10.1136/ard.2004.022434
https://dx.doi.org/10.1136/ard.2004.022434
https://dx.doi.org/10.1016/j.gene.2018.06.027
https://dx.doi.org/10.1016/j.gene.2018.06.027
https://dx.doi.org/10.1074/jbc.M211536200
https://dx.doi.org/10.1074/jbc.M211536200
https://dx.doi.org/10.3390/ijms231810571
https://dx.doi.org/10.3390/ijms231810571
https://dx.doi.org/10.1089/gtmb.2013.0109
https://dx.doi.org/10.1089/gtmb.2013.0109
https://dx.doi.org/10.1155/2019/9260495
https://dx.doi.org/10.1155/2019/9260495
https://dx.doi.org/10.1016/j.jstrokecerebrovasdis.2024.107824
https://dx.doi.org/10.1016/j.jstrokecerebrovasdis.2024.107824
https://dx.doi.org/10.1016/s0945-053x(02)00053-7
https://dx.doi.org/10.1016/s0945-053x(02)00053-7
https://dx.doi.org/10.1136/ard.16.4.494
https://dx.doi.org/10.1136/ard.16.4.494
https://dx.doi.org/10.1080/08820139.2017.1296857
https://dx.doi.org/10.1080/08820139.2017.1296857
https://dx.doi.org/10.1097/MD.0000000000008190
https://dx.doi.org/10.1097/MD.0000000000008190
https://dx.doi.org/10.1590/1413-785220223001e253503
https://dx.doi.org/10.1590/1413-785220223001e253503
https://dx.doi.org/10.1097/BOR.0000000000000352
https://dx.doi.org/10.1097/BOR.0000000000000352
https://dx.doi.org/10.1177/039463201302600331
https://dx.doi.org/10.1177/039463201302600331
https://dx.doi.org/10.1007/s00296-008-0705-6
https://dx.doi.org/10.1007/s00296-008-0705-6
https://dx.doi.org/10.4238/2015.November.18.46
https://dx.doi.org/10.4238/2015.November.18.46
https://dx.doi.org/10.3109/03008207.2015.1099636
https://dx.doi.org/10.3109/03008207.2015.1099636
https://dx.doi.org/10.1111/j.1440-1827.2010.02547.x


neoplastic diseases. Pathol Int. 2010, 60:477-96. 10.1111/j.1440-1827.2010.02547.x
26. Li H, Wang D, Yuan Y, Min J: New insights on the MMP-13 regulatory network in the pathogenesis of early

osteoarthritis. Arthritis Res Ther. 2017, 19:248. 10.1186/s13075-017-1454-2
27. Langers AM, Verspaget HW, Hommes DW, Sier CF: Single-nucleotide polymorphisms of matrix

metalloproteinases and their inhibitors in gastrointestinal cancer. World J Gastrointest Oncol. 2011, 3:79-
98. 10.4251/wjgo.v3.i6.79

28. Sun G, Ba CL, Gao R, Liu W, Ji Q: Association of IL-6, IL-8, MMP-13 gene polymorphisms with knee
osteoarthritis susceptibility in the Chinese Han population. Biosci Rep. 2019, 39:10.1042/BSR20181346

29. Vairaktaris E, Yapijakis C, Nkenke E, et al.: A metalloproteinase-13 polymorphism affecting its gene
expression is associated with advanced stages of oral cancer. Anticancer Res. 2007, 27:4027-30.

30. Makrygiannis G, Mourmoura E, Spanos K, et al.: Risk factor assessment in a Greek cohort of patients with
large abdominal aortic aneurysms. Angiology. 2019, 70:35-40. 10.1177/0003319718774474

 

2024 Milaras et al. Cureus 16(7): e65379. DOI 10.7759/cureus.65379 9 of 9

https://dx.doi.org/10.1111/j.1440-1827.2010.02547.x
https://dx.doi.org/10.1186/s13075-017-1454-2
https://dx.doi.org/10.1186/s13075-017-1454-2
https://dx.doi.org/10.4251/wjgo.v3.i6.79
https://dx.doi.org/10.4251/wjgo.v3.i6.79
https://dx.doi.org/10.1042/BSR20181346
https://dx.doi.org/10.1042/BSR20181346
https://pubmed.ncbi.nlm.nih.gov/18225566/
https://dx.doi.org/10.1177/0003319718774474
https://dx.doi.org/10.1177/0003319718774474

	The Association of MMP-2, MMP-9, and MMP-13 Gene Polymorphisms With Knee Osteoarthritis in the Greek Population
	Abstract
	Introduction
	Methods
	Results
	Conclusions

	Introduction
	Materials And Methods
	Results
	TABLE 1: Descriptive characteristics of the study sample
	TABLE 2: Genotype and allelic frequencies
	TABLE 3: Results from binary regression analysis for the association between MMP-13 -77A/G SNP and risk of knee OA, adjusted for age, gender, and BMI

	Discussion
	Conclusions
	Additional Information
	Author Contributions
	Disclosures

	References


