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Background. A relationship between matrix metalloproteinase-1 (MMP-1)-1607
(rs1799750) gene polymorphism and osteoarthritis (OA) susceptibility was reported in
the Bioscience Reports journal; however, these results were inconsistent. To evaluate the
specific relationship, we used a meta-analysis study to clarify the controversy. Methods.
The relevant articles were retrieved on 20 October 2018 from PubMed, Elsevier, Springer,
Ebase (Ovid), and Google Scholar. The number of alleles and genotypes for MMP-1 was
obtained. Odds ratios (ORs) and 95% confidence intervals (Cls) were used to estimate the
association between MMP-1-1607 (rs1799750) 1G/2G promoter polymorphism and OA,
while the Egger’s test was used to assess heterogeneity among studies and publication
bias. All statistical analyses were conducted using STATA 12.0 software. Results. A total
of six case—control studies covering 1133 cases and 1119 controls were included in the
final meta-analysis. There was no significant association between MMP-1-1607 1G/2G
promoter polymorphism and OA in all genetic models (2G versus 1G: OR = 1.12, 95% CI =
0.78-1.60; 1G/2G versus 1G/1G: OR = 0.73, 95% CIl = 0.32-1.67; 2G/2G versus 1G/1G:
OR = 1.31, 95% CI = 0.57-2.98; the recessive model: OR = 1.23, 95% CIl = 0.63-2.41;
and the dominant model: OR = 1.25, 95% CIl = 0.79-1.97). We obtained similar results for
the subgroup analysis using ethnicity and type of disease. Conclusion. We systematically
investigated the association between MMP-1-1607 (rs1799750) 1G/2G polymorphism and
OA susceptibility; however, the results show no correlation.

Introduction

Osteoarthritis (OA) is a common degenerative joint disease resulting from focal loss of the protective car-
tilage layer at the ends of the bones [1]. The prevalence of OA is higher in women than men, especially
after menopause [2,3]. Currently, OA occurs in 14% of adults aged 25 years and above [4] and is charac-
terized by the loss of articular cartilage, which is accompanied by altered function of other synovial joint
tissues [5]. The factors and genetic participation in mechanisms of OA, as well as OA etiology, are still
unknown. Recently, genes have become more important in disease diagnosis, therapy, and susceptibility.
Therefore, the analysis and identification of new genes associated with OA susceptibility is a vital and
significant challenge. Early diagnosis is extremely important for OA prevention and management. OA is
diagnosed using radiographic and medical history; however, these diagnostic methods are relatively poor
for the early diagnosis of OA [2]. The degeneration and destruction of articular cartilage is an early change
in the OA process.

A recently described single nucleotide polymorphism (SNP) in the promoter sequence of the ma-
trix metalloproteinase-1 (MMP-1, collagenase-1) gene may play a significant role in controlling MMP-1
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gene expression and is located on the long arm of chromosome 11 [6]. The two alleles of MMP-1-1607 (rs1799750)
gene polymorphism (1G and 2G) are formed by an insertion/deletion of guanine at position -1607. There are many
SNPs in the promoter region of the MMP-1 gene [6]. MMP-1, an important member of the matrix metalloproteinase
(MMPs) family, plays a key role in the degradation and destruction of articular cartilage and bone, and is closely
associated with OA, periodontal disease, rheumatoid arthritis, and some tumors [7-9].

To date, many researchers have reported the relationship between MMP-1 gene polymorphism and OA suscepti-
bility; however, the results are contradictory or lack strength owing to small sample sizes. Consequently, the present
study aimed to clarify the association between the MMP-1 gene and OA susceptibility.

Materials and methods

Publication search and standard setting

For this meta-analysis, we worked with the Meta-analysis Of Observational Studies in Epidemiology (MOOSE) group
[10]. PubMed, Elsevier, Springer, Ebase (Ovid), and Google Scholar were searched (until 20 October 2018) using
the terms: ‘matrix metalloproteinase 1, ‘collagenase-1, ‘MMP-1’, ‘polymorphism’, ‘gene; ‘osteoarthritis, and ‘OA’, as
both medical subject heading (MeSH) terms and text words to find all papers that had the study investigated the
association of MMP-1 1G/2G SNP with OA. A manual search was conducted to find unknown references to additional
studies. English language restrictions were applied. Studies were selected if they satisfied the following criteria: (i)
case—control study; (ii) sufficient published data for calculating the odds ratio (OR) and 95% confidence interval (CI);
(iii) the association of MMP-1-1607 (rs1799750) 1G/2G polymorphism with OA [11]; and (iv) there was a matched
Hardy-Weinberg equilibrium (HWE) in control cases.

Data extraction and evaluation of study quality

Two investigators (L.P. and J.L.) independently selected eligible studies according to the inclusion criteria listed above.
The following items were extracted: first author, publication year, country, ethnicity, genotype distributions, HWE,
and case and control sizes. In any case of dispute, the two investigators checked the collected data and reached a
consensus through discussion. Data were extracted independently by two investigators (L.P. and J.L.) and the quality
of included studies was evaluated by two independent investigators (L.P. and J.L.) according to the Newcastle-Ottawa
Scale (NOS) for case-control studies [12]. The NOS ranges between zero (worst) and nine stars (best). Any dispute
was resolved by discussion and, if required, a third investigator (J.B.) decided the outcome.

Statistical methods

Pearson’s X? tested the deviation of estimates from HWE in the control group according to genotype distributions.
Crude ORs with their 95% CIs were estimated and used to assess the strength of association between MMP-1-1607
(rs1799750) 1G/2G polymorphism and OA. The pooled OR was calculated for allelic effect of 1G versus 2G, homozy-
gote comparison of 2G/2G versus 1G/2G, heterozygote comparison of the recessive model (2G/2G versus 1G/1G +
1G/2G), and the dominant model (2G/2G + 1G/2G versus 1G/1G). The significance of the pooled OR was determined
by the Z-test (P<0.05).

Cochran’s Q statistic (P<0.10 indicated evidence of heterogeneity) assessed the heterogeneity among studies [13].
When significant heterogeneity (P<0.10) was achieved, the random-effects model was used to combine the effect
sizes of the included studies; otherwise the fixed-effects model was adopted [14]. Subgroup analysis was performed
using ethnicity and type of disease. In addition, sensitivity analyses were performed to identify individual study effects
on pooled results and test the reliability of results. An estimate of potential publication bias was carried out using a
Begg’s funnel plot and Egger’s regression test. All of the statistical analyses were conducted using STATA 12.0 software
(Stata Corporation, College Station, TX, U.S.A.), and the P (P<0.05 was considered significant) values were all two
sided. Our study followed the PRISMA guidelines.

Results

Characteristics of included studies and search results

Six case—control studies [15-20] (including 1133 cases and 1119 controls) met our inclusion criteria (Figure 1). The
essential detailed characteristics and genotype distribution of eligible studies are summarized in Table 1. Among all
studies, three involved Caucasians and three involved Asians. The distribution of genotypes in the controls was in
agreement with HWE for all studies. The NOS table shows that the score of every study is higher than 6 points, which
demonstrated the design of the case-control study was generally good (Table 1).
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Table 1 Relevant studies investigating the relationship between MMP-1-1607 (rs1799750) 1G/2G polymorphisms and OA

Sample size HWE
Type of Study of Genotyping among

Author Year Country Ethnicity disease design case/control methods controls Results
Luo et al. 2015 China Asian T™J OA Case—control ~ 206/185 PCR-RFLP 0.58 *
Lepetsos 2014 Greece Caucasian Knee OA Case—control ~ 155/139 PCR-RFLP 0.06 NO

Yang et al. 2015 China Asian Knee OA Case—control ~ 207/207 PCR-RFLP 0.97 NO
Abd-Allah et al. 2012 Egypt Caucasian Mixed Case—control ~ 100/100 PCR-RFLP 0.63 *

Barlas et al. 2008 Turkey Caucasian Knee OA Case—control 157/84 PCR-RFLP 0.34 *

Rui et al. 2018 China Asian Knee OA Case-control ~ 308/404 PCR-RFLP 0.4 *

“A significant relevance between the MMP-1 polymorphism and risk of OA was picked up in this article. Abbreviations: PCR-RFLP, PCR-restriction

fragment length polymorphism; TMJ OA, temporomandibular joint OA.

Overall analysis

Opverall, there was no significant association between MMP-1-1607 (rs1799750) 1G/2G promoter polymorphism and
OA (2G versus 1G, OR = 1.12,95% CI = 0.78-1.60 , P,=0; 1G/2G versus 1G/1G: OR = 0.73, 95% CI = 0.32-1.67,
P,=0; 2G/2G versus 1G/1G: OR = 1.31, 95% CI = 0.57-2.98, P,=0; the recessive model: OR = 1.23,95% CI =
0.63-2.41, P,=0.57; and the dominant model: OR = 1.25,95% CI = 0.79-1.97, P;,=0.001). The above meta-analysis

results are shown in Table 2.
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Table 2 Meta-analysis for MMP-1-1607 polymorphism and OA risk

2G/2G + 2G/1G vs. 2G/2G vs. 1G/2G +

Variables n 2G vs. 1G 1G/1G 1G/1G 1G/2G vs. 2G/2G 2G/2G vs. 1G/1G
OR (95% OR (95% OR (95% OR (95% OR (95%
Cl) Py Cl) Py Cl) Py Cl) Pn Cl) Py
Total 6 1.12 0 1.25 0.001 1.23 0.57 0.73 0 1.31 0
(0.78-1.60) (0.79-1.97) (0.63-2.41) (0.32-1.67) (0.57-2.98)
Type of
disease
Knee OA 4 0.93 0 0.92 0.002 0.83 0 0.48 0 0.76 0
(0.58-1.48) (0.48-1.74) (0.37-1.87) (0.16-1.43) (0.25-2.27)
Other 2 1.63 0.008 2.03 0.192 2.74 0 1.67 0.191 3.46 0.311
(0.83-3.19) (1.26-3.26) (1.80-4.16) (0.94-2.60) (2.13-5.62)
Ethnicity
Asian 3 1.16 0.014 1.31 0.054 1.58 0.002 0.45 0 1.7 0
(0.84-1.59) (0.84-2.04) (0.87-2.89) (0.13-1.94) (0.78-3.71)
Caucasian 3 1.07 0 1.09 0 0.94 0 1.14 0.024 0.95 0
(0.44-2.59) (0.35-3.34) (0.21-4.34) (0.45-2.61) (0.13-6.92)

Random-effects model was used when the P-value for the heterogeneity test was <0.05; otherwise, a fixed-effects model was used. Abbreviations: n,
number of studies; Pp, value of Q-test for heterogeneity test, value of Q-test for heterogeneity test.

Stratified analysis by type of disease and ethnicity

No significant association was found in knee OA (KOA), other types of OA, Asians, or Caucasians under any genetic
model when analyzing the association between MMP-1-1607 (rs1799750) and OA by ethnicity or type of disease. The
primary results of subgroup analysis are presented in Table 2.

Sensitivity analysis and publication bias

Sensitivity analysis was utilized to estimate the stability of the results. The sensitivity analysis procedure involved a
single study in the meta-analysis being deleted one at a time, but the results did not change. The form of the Begg’s
funnel plot did not show any evidence of apparent asymmetry in all genetic models (Figure 2). Furthermore, the
Egger’s regression analysis did not reveal any evidence of publication bias (P =0.707 for 2G versus 1G, P=0.452 for
2G/2G versus 1G/1G, P=0.452 for 1G/2G versus 1G/1G, P=0.851 for the recessive model, and P =0.133 for the
dominant model, respectively).

Discussion

Since 2008, six studies have focused on the relationship between the SNP at position -1607 of MMP-1 and OA sus-
ceptibility. Barlas et al. [18] found 1G/1G carriers are susceptible to OA in Turkey, and Abd-Allah et al.’s [16] results
of MMP1-1607 (rs1799750) 1G/2G polymorphism in OA were in agreement with the results of Barlas et al. [18].
However, Rui et al. [20] found 2G allele and 2G/2G carriers have an association between MMP-1-1607 (rs1799750)
1G/2G and susceptibility to OA. However, other studies have reported negative results [15,19]. All in all, the relation-
ship between MMP-1-1607 (rs1799750) 1G/2G polymorphism and susceptibility to OA is controversial. According to
one study, MMP-1 is associated with various specific pathological states, including inflammation, immunity, tumor
invasion, and metastasis [21]. However, there is considerable controversy over the association between MMP-1 gene
polymorphism and OA. In essence, OA is the most common cause of synovial joint tissue inflammation, leading to
the progressive destruction of cartilage and bone [22].

To date, this article is the most recent and includes the first meta-analysis to determine if there is an association
between MMP-1 gene polymorphism and OA. The results show that there was no association between MMP-1-1607
(rs1799750) 1G/2G polymorphism and OA susceptibility. Neither allele frequency nor genotype distribution were
significantly associated with susceptibility to OA. Considering that ethnicity may influence the results, subgroup
analyses were performed to further investigate the potential association. However, similar results were observed in
Caucasians and KOA.

In our meta-analysis study, we did not explore any relationship of MMP-1 polymorphism with susceptibility to
OA for several reasons. First, OA is a complex and multifactorial disease and includes joint injury, aging, obesity,
and heredity, which lead to the progression of OA [23,24]. Second, some other unidentified genes might conceal the
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Figure 2. Funnel plots of the association betwen MMP-1-1607 (rs1799750) 1G/2G polymorphism and OA
(A) Alleles model: 2G versus 1G; (B) Dominant model: 2G/2G+1G/2G versus 1G/1G; (C) Recessive model: 2G/2G versus 1G/2G +
1G/1G; (D) Alleles model: 1G/2G versus 2G/2G; (E) Alleles model: 2G/2G versus 1G/1G .

influence of the alleles. Third, OA is sex-associated disease [15,25]. Hence, our results imply that further investi-
gations are required before we are able to determine the association between the MMP-1-1607 (rs1799750) 1G/2G
polymorphism and OA.

In addition, some limitations of this current meta-analysis should be mentioned. First, study heterogeneity ex-
isted in all comparisons, which may affect the precision of results despite using a random-effects model to pool ORs.
We believe this heterogeneity may result from the confounding factors, such as case definition, gender, and sample
size. Although we carried out sensitivity analysis, obvious heterogeneity was still observed. Second, data included
Caucasians and Asians which should have been optimized by gender and population in this meta-analysis. In addi-
tion, the Begg’s funnel plots and Egger’s regression statistic method both showed no obvious publication bias in this
meta-analysis.

Conclusion
We obtained strong evidence that MMP-1-1607 (rs1799750) gene polymorphism plays no role in the risk of OA, which
is an important breakthrough. However, our results were obtained using a limited sample size, and therefore, this is
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a preliminary conclusion. Validation using more multicenter case—control studies from diverse ethnic populations is
needed to confirm our findings.

Author contribution

L.P. and J.L. designed the meta-analysis. J.B., Y.O., and L.Z. searched for relevant studies and extracted the corresponding data.
All authors helped to prepare the manuscript and approved the manuscript for submission. J.B. and L.P. assisted in data and
study collection.

Funding

The authors declare that there are no sources of funding to be acknowledged.

Competing interests
The authors declare that there are no competing interests associated with the manuscript.

Abbreviations
Cl, confidence interval; HWE, Hardy-Weinberg equilibrium; KOA, knee osteoarthritis; MMP, matrix metalloproteinase; NOS,
Newcastle-Ottawa Scale; OA, osteoarthritis; OR, odds ratio; SNP, single nucleotide polymorphism.

References

1 Ratnayake, M., Tselepi, M., Bloxham, R., Ploger, F., Reynard, L.N. and Loughlin, J. (2017) A consistent and potentially exploitable response during
chondrogenesis of mesenchymal stem cells from osteoarthritis patients to the protein encoded by the susceptibility gene gdf5. PLoS ONE 12,
€0176523, https://doi.org/10.1371/journal.pone.0176523

2 Phinyomark, A., Osis, S.T., Hettinga, B.A., Kobsar, D. and Ferber, R. (2016) Gender differences in gait kinematics for patients with knee osteoarthritis.
BMC Musculoskelet. Disord. 17, 1-12, https://doi.org/10.1186/s12891-016-1013-z

3 Woolf, A.D. and Pfleger, B (2003) Burden of major musculoskeletal conditions. Bull. World Health Organ. 81, 646—-656

4 Piva, S.R., Susko, A.M., Khoja, S.S., Josheno, D.A., Fitzgerald, G.K. and Toledo, F.G.S. (2015) Links between osteoarthritis and diabetes:implications for
management from a physical activity perspective. Clin. Geriatr. Med. 31, 67-87, https://doi.org/10.1016/j.cger.2014.08.019

5 Menashe, L., Hirko, K., Losina, E., Kloppenburg, M., Zhang, W., Li, L. et al. (2012) The diagnostic performance of mri in osteoarthritis: a systematic
review and meta-analysis. Osteoarthritis Cartilage 20, 13-21, https://doi.org/10.1016/j.joca.2011.10.003

6 Sundar, S.S., Jayesh, S.R. and Hussain, S. (2015) Association of matrix metalloproteinase 1 gene promoter mutation and residual ridge resorption in
edentulous patients of south indian origin. J. Pharm. Bioallied Sci. 7, 652—655

7 Sasaki, K., Takagi, M., Konttinen, Y.T., Sasaki, A., Tamaki, Y., Ogino, T. et al. (2007) Upregulation of matrix metalloproteinase (mmp)-1 and its activator
mmp-3 of human osteoblast by uniaxial cyclic stimulation. J. Biomed. Mater. Res. 80B, 491-498, https://doi.org/10.1002/jbm.b.30622

8 Liu, Q., Zhao, J., Tan, R., Zhou, H., Lin, Z., Zheng, M. et al. (2015) Parthenolide inhibits pro-inflammatory cytokine production and exhibits protective
effects on progression of collagen-induced arthritis in a rat model. Scand. J. Rheumatol. 44, 182, https://doi.org/10.3109/03009742.2014.938113

9 Almeida, R.C., Capelli, Jr, J. and Teles, R.P. (2015) Levels of gingival crevicular fluid matrix metalloproteinases in periodontally compromised teeth
under orthodontic forces. Angle Orthod. 85, 1009—1014, https://doi.org/10.2319/101714-744.1

10 Stroup, D.F, Berlin, J.A., Morton, S.C., Olkin, ., Williamson, G.D., Rennie, D. et al. (2000) Meta-analysis of observational studies in epidemiology: a
proposal for reporting: Meta-analysis Of Observational Studies in Epidemiology (MOOSE) group. JAMA 283, 2008-2012,
https://doi.org/10.1001/jama.283.15.2008

11 Little, J., Bradley, L., Bray, M.S., Clyne, M., Dorman, J., Ellsworth, D.L. et al. (2002) Reporting, appraising, and integrating data on genotype prevalence
and gene-disease associations. Am. J. Epidemiol. 156, 300-310, https://doi.org/10.1093/oxfordjournals.aje.a000179

12 Stang, A. (2010) Critical evaluation of the Newcastle-Ottawa scale for the assessment of the quality of nonrandomized studies in meta-analyses. Eur. J.
Epidemiol. 25, 603—-605, https://doi.org/10.1007/s10654-010-9491-z

13 Higgins, J.P.T. (2003) Measuring inconsistency in meta-analyses. Br. Med. J. 327, 557-560, https://doi.org/10.1136/bm|.327.7414.557

14 Higgins, J.P.T. and Green, S. (2011) Cochrane handbook for systematic reviews of interventions version 5.1.0. Naunyn Schmied. Arch. Exp. Pathol.
Pharmakol. 5, S38

15 Lepetsos, P., Pampanos, A., Kanavakis, E., Tzetis, M., Korres, D., Papavassiliou, A.G. et al. (2014) Association of mmp-1 -1607 1g/2g (rs1799750)
polymorphism with primary knee osteoarthritis in the greek population. J. Orthop. Res. 32, 1155—-1160, https://doi.org/10.1002/jor.22647

16 Abd-Allah, S.H., Shalaby, S.M., Pasha, H.F., EI-Shal, A.S. and Abou EI-Saoud, A.M. (2012) Variation of matrix metalloproteinase 1 and 3 haplotypes and
their serum levels in patients with rheumatoid arthritis and osteoarthritis. Genet. Test. Mol. Biomarkers 16, 15-20

17 Luo, S., Deng, M., Long, X., Li, J., Xu, L. and Fang, W. (2015) Association between polymorphism of mmp-1 promoter and the susceptibility to anterior
disc displacement and temporomandibular joint osteoarthritis. Arch. Oral Biol. 60, 1675—-1680, https://doi.org/10.1016/j.archoralbio.2015.08.001

18 Barlas, 1.0, Sezgin, M, Erdal, M.E, Sahin, G, Ankarali, H.C, Altintas, Z.M et al. (2009) 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. 29,
383, https://doi.org/10.1007/s00296-008-0705-6

19 Yang, H.Y., Chuang, S.Y., Fang, W.H., Huang, G.S., Wang, C.C., Huang, Y.Y. et al. (2015) Effect of rage polymorphisms on susceptibility to and severity of
osteoarthritis in a han chinese population: a case-control study. Genet. Mol. Res. 14, 11362—11370, https://doi.org/10.4238/2015.September.25.3

6 (© 2019 The Author(s). This is an open access article published by Portland Press Limited on behalf of the Biochemical Society and distributed under the Creative Commons
Attribution License 4.0 (CC BY).


https://doi.org/10.1371/journal.pone.0176523
https://doi.org/10.1186/s12891-016-1013-z
https://doi.org/10.1016/j.cger.2014.08.019
https://doi.org/10.1016/j.joca.2011.10.003
https://doi.org/10.1002/jbm.b.30622
https://doi.org/10.3109/03009742.2014.938113
https://doi.org/10.2319/101714-744.1
https://doi.org/10.1001/jama.283.15.2008
https://doi.org/10.1093/oxfordjournals.aje.a000179
https://doi.org/10.1007/s10654-010-9491-z
https://doi.org/10.1136/bmj.327.7414.557
https://doi.org/10.1002/jor.22647
https://doi.org/10.1016/j.archoralbio.2015.08.001
https://doi.org/10.1007/s00296-008-0705-6
https://doi.org/10.4238/2015.September.25.3

Bioscience Reports (2019) 39 BSR20181960 °
https://doi.org/10.1042/BSR20181960 '. (] EROE%ELAND
°

20 Geng, R., Xu, Y., Hu, W and Zhao, H. (2018) The association between MMP-1 gene rs1799750 polymorphism and knee osteoarthritis risk. Bioscience
reports 38 (5), BSR20181257, https://doi.org/10.1042/BSR20181257

21 Hong, W, Xian-Tao, Z, Xing-Huan, W et al. (2017) Genetic association between matrix metalloproteinases gene polymorphisms and risk of prostate
cancer: a meta-analysis. Front. Physiol. 8, 975

22 Feng, Z., He, G., Chen, Z., Wu, Z. and Li, J. (2014) Lack of association of matrix metalloproteinase-3 gene polymorphism with susceptibility to
rheumatoid arthritis: a meta-analysis. BMIC Musculoskelet. Disord. 15, 1-8, https://doi.org/10.1186/1471-2474-15-376

23 Loeser, R.F, Goldring, S.R., Scanzello, C.R. and Goldring, M.B. (2012) Osteoarthritis: a disease of the joint as an organ. Arthritis Rheum. 64, 1697-1707

24 Chen, D., Shen, J., Zhao, W., Wang, T., Han, L., Hamilton, J.L. et al. (2017) Osteoarthritis: toward a comprehensive understanding of pathological
mechanism. Bone Res. 5, 1-13, https://doi.org/10.1038/boneres.2016.44
25 Ravanti, L. and Kahari, V.M. (2000) Matrix metalloproteinases in wound repair (review). Int. J. Mol. Med. 6, 391-407

(© 2019 The Author(s). This is an open access article published by Portland Press Limited on behalf of the Biochemical Society and distributed under the Creative Commons Attribution 7
License 4.0 (CC BY).


https://doi.org/10.1042/BSR20181257
https://doi.org/10.1186/1471-2474-15-376
https://doi.org/10.1038/boneres.2016.44

