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ABSTRACT. Our study examined the relationship between the 
expression of matrix metalloproteinases (MMP)-1, MMP-2, and 
MMP-9 proteins and the pathogenesis of osteoarthritis (OA). We 
employed rigorous inclusion and exclusion criteria in computer-based 
bibliographic databases to extract published studies relevant to this 
investigation. The STATA 12.0 software was used for the statistical 
analyses. A total of 1408 studies were initially searched, and 10 studies 
with 458 OA patients and 295 healthy controls were included in this 
meta-analysis. The meta-analysis results suggested that the protein 
levels of MMP-1, MMP-2, and MMP-9 were higher in patients with 
OA than those in the control group. A subgroup analysis according to 
ethnicity showed that the protein levels of MMP-1 and MMP-2 were 
higher in Asian patients with OA than in controls. Caucasians showed 
no statistically significant differences in protein expression of MMP-
1 and MMP-2 between the OA patient group and the control group. 
Interestingly, the protein levels of MMP-9 in patients with OA were 
higher than those in the control group in both Asians and Caucasians. 
A sample-source analysis suggested that the serum levels of MMP-2 
and MMP-9 proteins were higher in patients with OA than in controls, 
while MMP-1 and MMP-9 protein expressions were higher in the 
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synovial joint fluid of patients with OA than in controls. In conclusion, 
our meta-analysis results suggested that the increased expression of 
MMP-1, MMP-2, and MMP-9 proteins might be associated with the 
pathogenesis of OA.
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INTRODUCTION

Osteoarthritis (OA), the most prevalent form of chronic joint disorders, is a process of 
deterioration and ongoing biological breakdown of articular cartilage in synovial joint tissues, 
including subchondral bone, periarticular muscles, synovium, peripheral nerves, joint capsular 
tissues, and ligaments (Dreier, 2010; Lane et al., 2011). OA may occur in any joint, but it is 
most commonly seen in the hands, hips, facet joints, and feet. OA can cause pain, swelling, 
stiffness, muscle weakness, along with joint instability, all of which may give rise to a gradual 
loss of physical function and poor quality of life (Bennell and Hinman, 2011). Generally, OA 
has become a leading health issue in the aging population, with approximately 10 to 20% of all 
people over 60 presenting symptomatic OA and with more women affected than men after 50 
(Bijlsma et al., 2011; Ekman et al., 2014). The most recognized risk factors for OA are gender, 
advancing age, obesity, prior joint injury, genetic predisposition, and mechanical factors, 
such as abnormal joint shape (Blagojevic et al., 2010). Currently, no curative therapies that 
effectively prevent and treat OA exist, and the clinical management of OA mainly involves the 
control of pain and inflammation and procedures to improve joint function (Xu et al., 2010). 
Recently, matrix metalloproteinases (MMPs), especially MMP-1, MMP-2, and MMP-9, have 
emerged as the leading candidates for involvement in the disease progression of OA (Murphy 
and Nagase, 2008).

MMPs, a large family of zinc-dependent proteolytic enzymes, are involved in the 
degradation of their target proteins through the cleavage of internal peptide bonds (Bourboulia 
and Stetler-Stevenson, 2010). The MMP family consists of at least 28 members thus far, and 
all amino acid sequences of MMPs have two conserved domains, a catalytic domain and 
a prodomain, which are important for their substrate specificity. All of the members of the 
MMP family have broad substrate specificities, but their main substrates include gelatinases, 
collagenases, matrilysins, stromelysins, membrane-type MMPs, and metalloelastase 
(Hemmann et al., 2007). Generally, MMPs can degrade any extracellular matrix component, 
including proteoglycans, vitronectin, fibronectin, laminin, and collagens. From a development 
and disease perspective, MMPs are crucial during embryonic growth and reproduction, and 
they play a major role in tumor growth and metastasis (Salgame, 2011; Lukaszewicz-Zajac 
et al., 2014). MMP-1, MMP-2, and MMP-9 are key members of the MMP family. MMP-1, 
which is a collagenase, plays a crucial role in cancer progress and metastasis (Lepetsos et al., 
2014). MMP-2, which is localized in cardiomyocytes, can degrade type-IV collagen and other 
bioactive molecules, and it is overexpressed in head and neck squamous cell carcinoma during 
cancer invasion and metastasis (Hughes and Schulz, 2014). MMP-9, which is a gelatinase like 
MMP-2, is the most complex member of the MMP family with its proteolytic activity against 
type-IV collagen and its upregulated expression in multiple types of human cancer, including 
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gastric cancer, breast cancer, and esophageal cancer (De Groef et al., 2014). Recently, a variety 
of studies have examined the relationship of the expression of MMP-1, MMP-2, and MMP-9 
proteins and the pathogenesis of OA (Jackson et al., 2014; Tio et al., 2014). MMP-1, MMP-
2, and MMP-9 protein expression levels have been reported to be either correlated with OA 
or not related at all to OA (Heard et al., 2012; Xue et al., 2014). We therefore conducted a 
meta-analysis to examine the relationship of MMP-1, MMP-2, and MMP-9 expression and the 
pathogenesis of OA.

MATERIAL AND METHODS

Literature search

In order to capture all published studies relevant to MMP-1, MMP-2, and MMP-9 
expression in the pathogenesis of OA, we performed a comprehensive electronic database 
search of the PubMed, EBSCO, Ovid, Web of Science, SpringerLink, Wiley, China BioMedicine 
(CBM), China National Knowledge Infrastructure (CNKI), and Wanfang databases (last 
updated search in September 2014), and we manually retrieved related data. Our sensitive 
search strategy employed the following search terms: (“matrix metalloproteinases” or “MMP”) 
and (“osteoarthritis”, “osteoarthritides”, “osteoarthrosis”, “osteoarthroses”, “orthritides”, 
“orthritis”, “osteoarthrosis deformans”, or “OA”) without a language bias. The bibliographies 
of related papers were manually examined for potential relevant articles.

Inclusion and exclusion criteria

Full articles were retrieved and evaluated by reading the abstract for their suitability 
based on the following inclusion criteria: 1) clinical-cohort study themes should focus on 
correlations among MMP-1, MMP-2, MMP-9, and OA; 2) all patients should be clinically 
diagnosed with OA; 3) the detection method should be enzyme-linked immunosorbent assays; 
4) the data should be complete; and 5) they should be in Chinese or English. Only the complete 
or latest study was included after careful re-examination when extracted studies were published 
by the same authors. The exclusion criteria were the following: 1) incomplete data; 2) highly 
obvious differences in the baseline characteristics of the case group and control group; 3) similar 
to a previously published study; and/or 4) ambiguous standards of diagnosis of the study subjects.

Data extraction

Two researchers independently performed data extraction from each eligible study by 
the application of the same data collection list. The data mainly consisted of the first author, 
submission year, country, ethnicity, language, disease, detection method, age, gender, study 
design and sample size, the number of cases and controls, etc. Disagreements in data extraction 
were resolved by a discussion among multiple researchers.

Statistical analysis

The STATA statistical software (Version 12.0, StataCorp. LP, College Station, TX, 
USA) was applied for the statistical analyses. To assess the differences in protein expression 
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levels between the case group and control group, a standard mean difference (SMD) and 95% 
confidence intervals (95%CI) were calculated with the assistance of fixed- or random-effect 
models. A Z test was used to assess the significance of the pooled effect size. We utilized the 
Cochran’s Q-statistic (P < 0.05 indicates significance) and the I2 test to assess the heterogeneity 
among studies (Zintzaras and Ioannidis, 2005b). The random-effect model was utilized when 
evidence of significant heterogeneity was obtained (P < 0.05 or I2 test > 50%); otherwise, 
the fixed-effect model was applied (Higgins and Thompson, 2002; Zintzaras and Ioannidis, 
2005a). A sensitivity analysis was performed to examine the influence of each study on the 
overall results by removing the study and re-examining the results. In addition, a publication 
bias was tested with the Egger linear regression test (P < 0.05 indicated significance) together 
with asymmetry funnel plots (Song and Gilbody, 1998; Peters et al., 2006).

RESULTS

Studies included

A total of 1408 relevant studies were initially identified by an electronic database 
search and subsequent manual searching. We read the titles and abstracts and excluded 2 
studies for duplicity; 5 studies for being letters, reviews, or meta-analyses; 5 studies for 
not examining humans; and 1290 studies for being unrelated. Furthermore, 92 studies were 
removed after reading the full text for not being case-control studies or not involving MMP-
1, MMP-2, or MMP-9 proteins and OA. Additionally, 4 studies were excluded for lacking 
sufficient information. Finally, a total of 10 case-control studies (Li et al., 2002; Xiao et al., 
2002; Tchetverikov et al., 2004; Liu et al., 2007; Jiang, 2009; Driban et al., 2010; Rego-Perez et 
al., 2011; Heard et al., 2012; He and Shen, 2013; Liu and Wei, 2014) published between 2002 
and 2014 were included in our meta-analysis. These studies included 753 subjects (458 patients 
with OA and 295 normal healthy controls). Six studies were done among Asian populations, 
and 4 studies involved Caucasians. The baseline characteristics of the studies included are listed 
in Tables 1-3 (Table 1: MMP-1; Table 2: MMP-2; Table 3: MMP-9).

First author	 Country	 Ethnicity		  Number		          Gender (M/F)	                             Age (years)		  Study design	 Sample

			   Total	 OA	 Control	 OA	 Control	 OA	 Control

Li DD (2002)a	 China	 Asians	   54	 46	   8	 20/26	    NR	 57.8 (50-66)	 NR	 Non-RCT	 Synovial fluid
Li DD (2002)b	 China	 Asians	   66	 46	 20	 20/26	    NR	 57.8 (50-66)	 NR	 Non-RCT	 Serum
Tchetverikov I (2004)a	 Netherlands	 Caucasians	   28	 13	 15	 NR	     3/12	 NR	 NR	 Non-RCT	 Synovial fluid
Tchetverikov I (2004)b	 Netherlands	 Caucasians	   28	 13	 15	 NR	     3/12	 NR	 NR	 Non-RCT	 Serum
Liu Y (2007)	 China	 Asians	   50	 33	 17	 15/18	 10/7	   71.3 ± 11.9 (40-92)	 50.2 ± 25.4 (14-78)	 Non-RCT	 Serum
Rego-Perez I (2011)	 Spain	 Caucasians	 150	 73	 77	 21/52	   38/39	 67.74 ± 8.96 (51-95)	 66.01 ± 11.88 (42-94)	 Non-RCT	 Serum
Heard BJ (2012)	 Canada	 Caucasians	   42	 17	 25	 8/9	  14/11	 42 ± 10.77	 58.38 ± 11.02	 Non-RCT	 Synovial fluid

MMP-1 = matrix metalloproteinase-1; M = male; F = female; OA = osteoarthritis; NR = not reported; Non-RCT 
= non-randomized controlled trials; a = synovial fluid; b = serum. All data are reported as mean (range), means ± 
standard deviation (range), or means ± standard deviation.

Table 1. Baseline characteristics of all of the studies on MMP-1 in this meta-analysis.

Expression of the MMP-1 protein

The random-effect model was utilized to analyze for heterogeneity, which was 
positive (I2 = 60.9%, Ph = 0.018). The meta-analysis results suggested that the MMP-1 
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First author	 Country	 Ethnicity	                Number		          Gender (M/F)	                        Age (years)		  Study design	 Sample

			   Total	 OA	 Control	 OA	 Control	 OA	 Control

Tchetverikov I (2004)a	 Netherlands	 Caucasians	 28	 13	 15	 NR	     3/12	 NR	 NR	 Non-RCT	 Synovial fluid 
Tchetverikov I (2004)b	 Netherlands	 Caucasians	 28	 13	 15	 NR	     3/12	 NR	 NR	 Non-RCT	 Serum 
Liu Y (2007)	 China	 Asians	 50	 33	 17	 15/18	 10/7	 71.3 ± 11.9 (40-92)	 50.2 ± 25.4 (14-78)	 Non-RCT	 Serum 
Driban JB (2010)	 USA	 Caucasians	 16	   8	   8	 NR	   NR	    65 ± 6.0	   54 ± 10	 Non-RCT	 Synovial fluid
Heard BJ (2012)	 Canada	 Caucasians	 42	 17	 25	 8/9	   14/11	        42 ± 10.77	   58.38 ± 11.02	 Non-RCT	 Synovial fluid
He ZH (2013)	 China	 Asians	 62	 52	 10	 25/27	   6/4	 52.6 ± 5.7	 57.3 ± 8.4	 Non-RCT	 Synovial fluid 
Liu Q (2014)	 China	 Asians	 80	 34	 46	 16/18	   24/22	 61.5 (46-77)	 41.5 (36-47)	 Non-RCT	 Serum

MMP-2 = matrix metalloproteinase-2; M = male; F = female; OA = osteoarthritis; NR = not reported; Non-RCT 
= non-randomized controlled trials; a = synovial fluid; b = serum. All data are reported as mean (range), means ± 
standard deviation (range), or means ± standard deviation.

Table 2. Baseline characteristics of all of the studies on MMP-2 in this meta-analysis.

First author	 Country	 Ethnicity		  Number		           Gender (M/F)	                          Age (years)		  Study design	 Sample

			   Total	 OA	 Control	 OA	 Control	 OA	 Control

Xiao XL (2002)	 China	 Asians	 61	 31	 30	 14/17	   11/19	 45.5 ± 6.0	      50 ± 4.12	 Non-RCT	 Serum
Tchetverikov I (2004)a	 Netherlands	 Caucasians	 28	 13	 15	 NR	     3/12	 NR	 NR	 Non-RCT	 Synovial fluid
Tchetverikov I (2004)b	 Netherlands	 Caucasians	 28	 13	 15	 NR	     3/12	 NR	 NR	 Non-RCT	 Serum
Liu Y (2007)	 China	 Asians	 50	 33	 17	 15/18	 10/7	 71.3 ± 11.9 (40-92)	 50.2 ± 25.4 (14-78)	 Non-RCT	 Serum
Jiang TJ (2009)a	 China	 Asians	 58	 46	 12	 16/30	   NR	    59 (46-72)	 NR	 Non-RCT	 Synovial fluid
Jiang TJ (2009)b	 China	 Asians	 58	 46	 12	 16/30	   NR	    59 (46-72)	 NR	 Non-RCT	 Serum
Heard BJ (2012)	 Canada	 Caucasians	 42	 17	 25	 8/9	   14/11	        42 ± 10.77	   58.38 ± 11.02	 Non-RCT	 Synovial fluid
He ZH (2013)	 China	 Asians	 62	 52	 10	 25/27	   6/4	 52.6 ± 5.7	 57.3 ± 8.4	 Non-RCT	 Synovial fluid
Liu Q (2014)	 China	 Asians	 80	 34	 46	 16/18	   24/22	 61.5 (46-77)	 41.5 (36-47)	 Non-RCT	 Serum

MMP-9 = matrix metalloproteinase-9; M = male; F = female; OA = osteoarthritis; NR = not reported; Non-RCT 
= non-randomized controlled trials; a = synovial fluid; b = serum. All data are reported as mean (range), means ± 
standard deviation (range), or means ± standard deviation.

Table 3. Baseline characteristics of all of the studies on MMP-9 in this meta-analysis.

protein expression levels were markedly and significantly higher in patients with OA than 
in normal people (SMD = 0.48, 95%CI = 0.12-0.83, P = 0.009) (Figure 1A). The ethnicity 
subgroup analysis found that MMP-1 protein expression levels were significantly increased in 
Asian patients with OA than in Asian controls (SMD = 0.46, 95%CI = 0.10-0.83, P = 0.014). 
Surprisingly, the difference in MMP-1 protein expression levels between patients with OA and 
controls was not statistically significant in Caucasians (SMD = 0.49, 95%CI = -0.13-1.10, P 
= 0.121) (Figure 2A). In addition, a subgroup analysis based on sample source revealed that 
the levels of expression of the MMP-1 protein in synovial joint fluid in patients with OA were 
obviously higher than those in the control group (SMD = 1.03, 95%CI = 0.61-1.46, P < 0.001), 
while the differences between the two groups in serum had no statistical significance (SMD = 
0.13, 95%CI = -0.10-0.37, P = 0.271) (Figure 2B).

Expression of the MMP-2 protein

The random-effect model was utilized to test for the existence of heterogeneity (I2 = 
94.6%, Ph < 0.001). The meta-analysis results showed significantly higher levels of MMP-
2 protein expression in patients with OA than in the control group (SMD = 2.17, 95%CI = 
0.80-3.53, P = 0.002) (Figure 1B). The ethnicity subgroup analysis found that the levels of 
expression of the MMP-2 protein in Asians were higher in patients with OA than those in the 
control group (SMD = 3.01, 95%CI = 2.57-3.45, P < 0.001), but the differences in the levels of 
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Figure 1. Forest plots of the associations between the protein levels of matrix metalloproteinase (MMP)-1, MMP-
2, and MMP-9 and osteoarthritis (A. MMP-1; B. MMP-2; C. MMP-9).

expression of MMP-1 and MMP-2 proteins in Caucasian patients with OA did not differ from 
controls (SMD = 1.48, 95%CI = -0.37-3.32, P = 0.116) (Figure 2C). The subgroup analysis of 
sample source clarified that the levels of expression of the MMP-2 protein in serum in patients 
with OA were considerably and significantly higher than those in the control group (SMD = 
2.04, 95%CI = 0.47-3.61, P = 0.011), while the differences in the synovial joint fluid between 
the two groups were not significant (SMD = 2.30, 95%CI = -0.20-4.80, P = 0.072) (Figure 2D).
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Figure 2. Forest plots of the association between the protein levels of MMP-1, MMP-2, and MMP-9 and osteoarthritis 
based on the ethnicity subgroups and sample source (A. and B. MMP-1; C. and D. MMP-2; E. and F. MMP-9).

Expression of the MMP-9 protein

The random-effect model was utilized to analyze for heterogeneity, and the test was 
positive (I2 = 95.6%, Ph < 0.001). The meta-analysis results demonstrated that the levels of 
expression of the MMP-9 protein in patients with OA were substantially higher than those in the 
control group (SMD = 2.74, 95%CI = 1.50-3.98, P < 0.001) (Figure 1C). The ethnicity subgroup 
analysis revealed that the levels of expression of the MMP-9 protein in patients with OA were 
significantly higher than those in the control group both in Asians (SMD = 3.68, 95%CI = 1.92-
5.44, P < 0.001) and Caucasians (SMD = 0.91, 95%CI = 0.03-1.79, P = 0.043) (Figure 2E). The 
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subgroup analysis of sample source showed significantly higher levels of the MMP-9 protein in 
patients with OA than in the control group in both the joint synovial fluid (SMD = 2.80, 95%CI 
= 0.38-5.22, P = 0.023) and serum (SMD = 2.70, 95%CI = 1.11-4.30, P < 0.001) (Figure 2F).

Sensitivity analysis and publication bias

A sensitivity analysis revealed that each study in our meta-analysis had no significant 
influence on the pooled SMDs of protein expression of MMP-1, MMP-2, and MMP-9 in 
the OA and nonOA groups (Figure 3). For the levels of expression of MMP-1 and MMP-2 
proteins, Beggar funnel plots revealed some symmetry (Figure 4), and subsequent Egger’s 
tests demonstrated the absence of publication bias in the studies that were included (MMP-1: P 
= 0.075; MMP-2: P = 0.282). However, for the levels of expression of the MMP-9 protein, the 
funnel plots showed asymmetry and a subsequent Egger’s linear regression analysis showed 
the existence of publication bias (P = 0.005).

Figure 3. Sensitivity analyses of the association between the protein levels of MMP-1, MMP-2, and MMP-9 and 
osteoarthritis (A. MMP-1; B. MMP-2; C. MMP-9).
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DISCUSSION

We conducted a comprehensive meta-analysis of selected published studies to 
investigate the association between the expressions of MMP-1, MMP-2, and MMP-9 proteins 
and the pathogenesis of OA. Our major finding was that the high protein levels of MMP-1, 
MMP-2, and MMP-9 proteins in OA might accelerate the pathogenesis of the disease, and 
this relationship could be neglected clinically. OA that results in stiffness and severe pain is 
frequently experienced aspect of the age-related skeletal disease. Characteristically, OA results 
in the progressive destruction of the articular cartilage of synovial joints and alterations within 
the adjacent bone (Chen et al., 2014). MMP-1, MMP-2, and MMP-9 proteins are very efficient 
in the turnover of the extracellular matrix because of their protease activities against their target 
proteins, and they contribute to the process of tumor invasion and metastasis in some diseases 
through tissue remodeling (Roy et al., 2009). Our findings illustrated that MMP-1, MMP-2, 
and MMP-9 protein levels were obviously higher in individuals with OA compared with those 

Figure 4. Funnel plot to demonstrate the risk of publication biases on the associations between the protein levels of 
MMP-1, MMP-2, and MMP-9 and osteoarthritis (A. MMP-1; B. MMP-2; C. MMP-9).
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of normal people. MMP-1, which belongs to the collagenase subgroup within the MMP family, 
can degrade the triple helical chains of the type-II collagen of articular cartilage and exert an 
important influence on aberrant collagen turnover in OA (Wassilew et al., 2010). The collagen 
network of articular cartilage is mainly made of type-II collagen, which provides the articular 
cartilage with elasticity and deformability (Wu et al., 2008). Degradation of the collagen 
network considerably decreases the tissue elasticity and deformability, which is considered 
one of the earliest alterations in cartilage degeneration (Dejica et al., 2012). In addition, 
MMP-2 and MMP-9 proteins are gelatinases of the MMP family, and both have prominent 
roles in cancer setting (Galasso et al., 2012). MMP-2 and MMP-9 are secreted extracellularly, 
and these gelatinases cleave other targets, including growth factors, extracellular matrix, 
chemokines, and cytokines, which results in the release of these ligands, which in turn activate 
major signaling pathways that are involved in cell growth, invasion, inflammation, migration, 
and angiogenesis (Bauvois, 2012). Therefore, the increased protein levels of MMP-1, MMP-
2, and MMP-9 in individuals with OA compared to normal people, which were shown in this 
meta-analysis, have significant biological consequences on the progression of the disease and 
important implications on the early diagnosis and treatment of OA.

Interestingly, we found unexpected differences in MMP-1, MMP-2, and MMP-9 
proteins and the pathogenesis of OA when subgroups of ethnicity and sample source were 
analyzed. The ethnicity-based analysis showed that Asian patients with OA had significantly 
higher protein levels of MMP-1 and MMP-2 compared to the control group, while Caucasians 
did not exhibit such statistically significant differences in MMP-1 and MMP-2 protein 
levels between patients with OA and the control group. We suspect that genetic differences, 
geographical position, or limitations in the existing detection methods accounted for these 
observations, and we intend to follow up with further studies designed to address the ethnic 
differences. The subgroup analysis of the sample source found that protein expression of 
MMP-1 in the synovial joint fluid of patients with OA was substantially greater than that of 
the control group, while the difference in protein expression of MMP-1 in serum did not differ 
significantly between patients with OA and the control group. However, in serum, protein 
expression of MMP-2 was higher in patients with OA than in the control group, while the 
difference in protein expression of MMP-2 in the synovial joint fluid of patients with OA and 
the control group did not differ significantly. Furthermore, the ethnicity and sample source 
subgroup analyses revealed that protein expression of MMP-9 was apparently higher in both 
Asians and Caucasians and in joint synovial fluid and serum, which indicated that genetic 
differences or geographical position had little effect on the protein levels of MMP-9 in patients 
with OA.

There were a few limitations in the present meta-analysis. First, the sample sizes in the 
enrolled studies were comparatively small, and this may have resulted in a lack of confidence 
in the overall results. Second, the absence of some data in the published studies that were 
examined may limit the validity of our results. Finally, the inclusion and exclusion criteria 
may not have been complete. Thus, together with the retrieval and manual selection method, 
these limitations may have impacted the accuracy of the results by likely missing the more 
detailed studies.

In summary, this meta-analysis revealed that the protein levels of MMP-1, MMP-2, 
and MMP-9 may be associated with the pathogenesis of OA and that there were differences 
in the expression of the three proteins in the synovial joint fluid and serum. In addition, we 
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identified important differences in the pattern of MMP expression among Asian and Caucasian 
patients with OA. Thus, further detailed studies are warranted to understand the roles of the 
MMP-1, MMP-2, and MMP-9 proteins in the pathogenesis of OA as a prelude to clinical 
application of the knowledge gained.
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