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ABSTRACT

This study was established to investigate the correlation between the expression of matrix metalloproteinases (MMP-1) 
and the pathogenesis of osteoarthritis (OA). Blood samples were collected from 55 female patients with inflammatory 
OA and controls for estimation of serum (MMP-1) levels. In the current study, there is significant increase (p
in the mean of serum MMP-1 levels in osteoarthritis females (4027.73 ± 1345.28 pg/ml) than that in control females 
(798.76 ± 136.79 pg/ml). It was concluded that MMP-1 may be associated with the pathogenesis of osteoarthritis.

Keywords: Osteoarthritis, Matrix metalloproteinases, Matrix metalloproteinases-1, Calcium, Alkaline phosphatase, 
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Abbreviations: ALP: Alkaline Phosphatase; OA: Osteoarthritis; CPC: o-Cresolphthalein Complexone; MMP: Matrix 
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INTRODUCTION

Osteoarthritis (OA), the most common form of chronic joint disorders, is a process of deterioration and continuous 
biological breakdown of articular cartilage in synovial joint tissues, including periarticular muscles, subchondral 
bone, peripheral nerves, synovium, ligaments, and joint capsular tissues [1,2]. OA may occur in any joint, but it is 
most commonly seen in the hands, feet, hips and facet joints. OA can cause pain, stiffness, swelling, muscle weakness, 
along with joint instability, all of which may lead to a gradual loss of physical function and poor quality of life [3]. In 
women between the ages of 55 to 64 years, the prevalence of radiographic OA in the knee is 7.5%, in women older 
than 65 years, their prevalence increases significantly to 20.3% [4].

Generally, OA has become a leading health issue in the aging population, with approximately 10-20% of all people 
over 60 years age suffering from symptomatic OA and with more women affected than men after 50 years age [5,6]. 
The most common risk factors for OA are gender, aging, obesity, genetic predisposition, previous joint injury, and 
mechanical factors, such as abnormal joint form [7].

Currently, therapeutic treatments that effectively prevent OA therapy exist, and the clinical management of OA mainly 
involves the control of inflammation, pain, and procedures to improve joint function [8]. Matrix metalloproteinases 
(MMPs), especially MMP-1, MMP-2, and MMP-9, have emerged as the major candidates for participation in the 
disease progression of OA [9]. The family of MMP composed of at least 28 members, and all amino acid sequences 
of MMPs have two conserved domains, prodomain and catalytic domain, which is important to the specificity of their 
substrate. All the members of the MMP family have broad substrate characteristics, but their main substrates include 
metalloelastase, collagenases, matrilysins, gelatinases, stromelysins and membrane-type MMPs [10].

Generally, MMPs can decompose any extracellular matrix element, including proteoglycans, laminin, vitronectin, 
collagens and fibronectin. From development and disease perspective, MMPs are crucial during embryonic 
development and reproduction, and it plays a major role in tumor growth and metastasis [11]. The main members of 
the MMP family are MMP-1, MMP-2, and MMP-9. MMP-1 is collagenase and it plays a crucial role in metastasis and 
tumor progression [12]. MMP-1(collagenase-1), which is primarily created by synoviocytes [13], has been present 
in an increased concentration in synovial luid of patients suffering from osteoarthritis and joint injuries [14]. MMP-1 
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is the primary neutral proteinase able to break down native fibrillar collagens of types I, II, III, and V, and it appears 
to play an important role in the reassembling of collagen connective tissue in various physiological and pathological 
conditions [15].

MMP-1is an interstitial collagenase that can break down interstitial collagens (types I, II and III) and it is believed that 
it is the multi-functional molecule with important roles in physiologic processes maintaining osteochondral integrity 
[16]. A diversity of studies has examined the correlation of the expression of MMP-1, MMP-2, and MMP-9 proteins 
and the pathogenesis of OA [17,18].

Protein expression levels of MMP-1, MMP-2, and MMP-9 were either reported to be associated with OA or not at all 
related to OA [19,20]. Therefore, we performed meta-analysis to study the relationship between MMP-1, MMP-2, and 
MMP-9 expression and the pathogenesis of OA.

MATERIALS AND METHODS

Patients and Control Groups

Thirty Iraqi female patients are chosen from the outpatient clinic in the Department of Rheumatology, Baghdad 
Teaching Hospital, Medical City, Baghdad, Iraq with inflammatory OA diagnosed according to the recommendations 
of American College of Rheumatology [21]. All patients were assessed by Kellgren and Lawrence grading criteria 
for radiographic severity of knee osteoarthritis with different signs and symptoms such as stiffness, joint pain, bony 
tenderness, bony enlargement, and crepitus [22] with their age ranged 30-45 years (38.47 ± 5.73). The control group 
consisted of 25 healthy females, matched according to age and gender of patients the mean of age (39.84 ± 4.63) 
with no complaints of knee pain. Height and weight were measured and body mass index (BMI=kg/m2) was counted 
for two groups. During selection of patients, certain exception criteria were followed to exclude unsuitable patients 
including (ischemic heart diseases, damage or active peptic ulcer, hypertension, history of bladder cancer, hepatic or 
renal impairment, and lactating female patients and pregnant).

Calcium Concentration

The calcium concentration in both patients and control sample were measured by commercially available kits from 
(Calcium Liquicolor Photometric Test, CPC Method) with normal values of serum calcium 2.02-2.60 mmol/l.

ALP

The evaluations of ALP in serum were also measured with a commercial reagent kit Alkaline Phosphatase Liquicolor 
(DEA buffer, DGKC, Orthophosphoric monoester phosphohydrolase, alkaline optimum, EC 3.1.3.1). The normal 
value of ALP in a woman was considered as 49-232 U/I.

Phosphorus

The kit was used for detection serum phosphorus levels in patient and control group (Phosphorus Liquirapid, 
Photometric UV Test for determination of phosphorus). The normal value of phosphorus was considered as 0.81-1.62 
mmol/l in the adult.

Estimation of Serum MMP-1 Levels

Serum levels of MMP-1 concentrations have been measured by using commercially available ELISA and performed 
as recommended in the lealet with the kit (Mybiosource-MBS355314, USA). 

Statistical Analysis

By using Statistical Package for Social Science (SPSS version 20, IBM, Armonk, USA). In this study, the t-test was 
used for study data. The results were expressed as a mean ± standard error of mean SEM, the differences in means of 
the variables between control and patient groups. Correlations between all the studied variables were evaluated using 
Pearson’s correlation coefficient(r) and linear regression analyses were used for the evaluation of data. P<0.05 was 
considered to be statistically significant.

RESULTS

Table 1 showed that the mean age of osteoarthritis patients was 38.47 ± 5.73 years, whereas for healthy subjects 
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was 39.84 ± 4.63 years with no significant difference (p>0.05). No statistically significant difference (p>0.05) in the 
mean of BMI among study groups and osteoarthritis group was seen. The mean of BMI was 26.83 ± 3.5 Kg/m2 and 
in control group, the mean of BMI was 25.52  ± 4.37 Kg/m2, as clearly shown in Table 1. The current results showed 
that there are no significant differences in the mean serum levels of ALP in osteoarthritis patients (64 ± 12.12 U/I) and 
for control subjects (65.52 ± 15.58 U/I) (p>0.05). Regarding the mean of serum calcium, the current study found that 
there are no significant differences (p>0.05) in the mean of serum calcium levels among study groups; in osteoarthritis 
patients, the mean was 2.18 ± 0.22 mmol/l and in healthy females, the mean was 2.252 ± 0.18 mmol/l.

Table 1 Distribution of Ages, BMI, ALP, Ca in the study group

Characteristics Healthy control (n=25) Osteoarthritis (n=30)   P-value

Age (years)
Range 15 15

p>0.05Mean  ±  SD 39.84 ± 4.63 38.47 ± 5.73
Median 41 39.5

BMI (Kg/m2)
Range 16 19

p>0.05Mean  ±  SD 25.52  ± 4.37 26.83 ± 3.5
Median 25 27

ALP
Range 51 49

p>0.05Mean  ±  SD 65.52 ± 15.58 64 ± 12.12
Median 60 61.5

Ca
Range 0.6 0.9

p>0.05Mean  ±  SD    2.252 ± 0.18 2.18 ± 0.22
Median 2.2 2.25

This study noticed that there was a significant increase (p  0.001) in the mean of serum MMP-1levels in osteoarthritis 
females (4027.73 ± 1345.28 pg/ml) than that in control females (798.76 ± 136.79 pg/ml). Moreover, the present 
results found that significant elevation in the mean (p  0.05) of serum pH levels in osteoarthritis patients (1.23 ± 0.18 
mmol/l) when compared to the healthy females (1.1 ± 0.27 mmol/l) as illustrated in Table 2.

Table 2 The differences in mean serum levels of MMP-1, PH among study groups

Variables Control group (n=25) Osteoarthritis (n=30) p-value

Serum MMP-1
Range 459 4967

  P>0.001Median 822 3887
Mean ± SD 798.76 ± 136.79 4027.73 ± 1345.28

PH
Range 1 0.8

  P>0.05Mean ± SD 1.1 ± 0.27 1.23 ± 0.18
Median 1.1 1.3

DISCUSSION

Osteoarthritis (OA) is a degenerative joint disease and it is one of the main causes of disability in developed countries. 
Osteoarthritis is described by degeneration of articulate cartilage accompanied by sclerosis of the subchondral bones, 
osteophytes, and joint space narrowing [23]. The present study is consistent with the study conducted by Ziad, et al., 
stating that there are no statistically significant differences in mean age and BMI among Iraqi osteoarthritis patients 
which contain 78% females and 72% healthy females [24]. Yazmalar, et al., found that serum calcium levels did not 
differ significantly between 74 patients with knee osteoarthritis and 70 controls [25]. Another study supported the 
result that was previously reported by Zolli, et al. [26]. No statistically significant difference in calcium serum levels 
was found among osteoarthritis patients and controls. It is known that matrix metalloproteinases (MMPs) appear in OA 
cartilage and are thought to be involved in the deterioration of cartilage extracellular matrix (ECM) [27]. Participation 
of ROS in age-related MMP expression provides a mechanistic link between the theory of free radicals of aging and 
many age-related degenerative diseases such as OA [28]. 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 can exert 
significant influence on abnormal collagen circulation in OA [13]. The collagen network of articular cartilage consists 
mainly of type-II collagen, which provides the articular cartilage with elasticity and deformity [29]. Collagen network 
degradation greatly reduces tissue elasticity and deformation, which is considered one of the oldest modifications in 
cartilage degeneration [30]. This result agrees with numerous studies indicated that the correlation with MMP1 and 
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OA.  Zeng, et al., pointed out to that the patients with knee OA have significantly higher serum MMP-1 concentrations 
as compared to serum MMP-1 concentrations in healthy control group [31]. Also, another study showed that in 98 
patients with early untreated RA of less than 12 months duration serum MMP-1 levels were significantly greater in 
RA patients than in controls and serum MMP-1 levels correlate with disease activity and prediction of functional 
outcome and radiography in early untreated RA [32]. Also, Tchetverikov et al., who found that the highest level of 
MMP in the SF of patients with RA for proMMP-1, -3, -8, and -9. While MMP-3 and -9 were also detected in control 
SF, MMP-1 and -8 were found in SF control only at very low concentrations [33]. Yashihara, et al. showed that the 
levels of MMP-1 and MMP-3 were interrelated with each other in RA and OA groups, may indicate the source of 
predominant cell of these MMPs: macrophages and neutrophils for MMP-8 and -9 and synovial cells for MMP-1 and 
-3 [34]. Therefore, the increased protein levels of MMP-1in individuals with OA compared to normal people, which 
were shown in this meta-analysis, have significant biological consequences on disease progression and significant 
implications for early diagnosis and treatment of OA [31]. There were some limitations in the current meta-analysis. 
First, the sample sizes in the studies were relatively small. Second, the absence of some data in studies published in 
the world [31].  It can be summarized that the protein levels of MMP-1, may be associated with the pathogenesis of 
OA and that there were differences in the expression of these proteins in the serum.
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