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Abstract: Background: Rheumatoid arthritis is a systemic disease with an autoimmune basis, which 

presents with inflammation mostly targeting the synovial joints with resultant degenerative 

changes and impaired functions. MMP-3 (matrix-metalloproteinase-3) is one member of the 

metalloproteinases family that plays a significant role in the pathogenesis of rheumatoid arthritis 

via degradation of cartilage and bone as well as activation of other enzymes like pro-MMP-1 and 

pro-MMP-9. Aim: The purpose of the present research is to assess the potential use of MMP-3 as a 

diagnostic biomarker for differentiating between the active and inactive states of RA. Methods: 

Levels of MMP-3 were quantitatively determined via ELISA method among 80 RA cases with equal 

division between active and inactive forms of the disease. Results: Most patients (61.25%) were aged 

between 40 and 59 years, and females outnumbered males at a ratio of 4.3:1. Serum MMP-3 was 

markedly higher in patients with active RA (607.686 ± 195.963 pg/ml) than in those with inactive 

disease (297.511 ± 130.653 pg/ml). Neither age nor gender showed a significant correlation with 

MMP-3 levels; nevertheless, MMP-3 tended to rise with longer disease duration and fall with 

extended treatment periods. Conclusion: The serum MMP-3 is a useful marker in diagnosing RA 

and assessing its activity and treatment response. 
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1. Introduction 

A chronic systemic autoimmune inflammatory disorder, rheumatoid arthritis (RA) 

affects multiple organs and tissues, with the synovial joints being primarily involved, 

ultimately leading to marked functional disability and joint damage. Globally, relatively 

stable prevalence rates of RA have been reported, ranging between 0.5% and 1.0%. Women 

are affected more frequently than men, with disease rates notably higher among females, 

with an approximate female to male ratio of 3:1 [1], [2]. Furthermore, the occurrence of the 

disease increases gradually with age; it occurs in about 5% of females and 2% of males by 

the age of 70 years [3]. 

A strong link has also been noted between HLA-DR4 and adult seropositive RA [4]. 

In contrast, HLA-DR1 is noted to be of greater importance in Indian and Israeli series, 

while HLA-DW15 has significance among Japanese patients [3]. Smoking is considered the 

primary environmental trigger for RA [5]–[7]. In those testing positive for anti-citrullinated 

peptide antibodies (ACPA⁺ RA) and in male patients, this association tends to be 

particularly stronger, in whom smoking-derived chemicals are known to activate 

peptidylarginine deiminase type 2 [8]. 
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The zinc-containing endopeptidase family known as matrix metalloproteinases 

(MMPs, matrixins) includes both secreted and membrane-bound enzymes, which all 

naturally have the capacity to break down every extracellular matrix component [9] . 

Matrix metalloproteinases are deeply implicated in both normal physiological functions 

and pathological conditions. Under physiological circumstances, MMPs participate in 

processes including processes such as wound repair, cell migration, neurite outgrowth, 

angiogenesis, bone elongation, Mammary gland maturation, hair follicle development, 

uterine involution, antigen processing and presentation, ovulation, menstruation, sperm 

maturation, enamel development, and embryo implantation. On the other hand, 

dysregulated MMP activity is connected to a variety of pathological states, like arthritis, 

fibrosis, tumor growth and invasion, Infertility, cirrhosis, multiple sclerosis, glaucoma, 

lupus, scleroderma, aortic aneurysms, and many other illnesses [10]. 

Belonging to the matrix metalloproteinase family, matrix metalloproteinase-3 (MMP-

3), also known as stromelysin-1, is synthesized by articular synovial cells also fibroblasts, 

and chondroblasts. Within human articular cartilage, it represents the main 

metalloproteinase that is synthesized [11]. MMP- 3 is expressed in healthy people but to a 

much lesser extent as it is considered to contribute to physiological, continuous 

remodeling processes in cartilage and bone tissue. Overexpression of MMP-3 has been 

documented in RA patients, leading to markedly elevated concentrations within the 

synovial fluid. Accordingly, these patients have noticeably higher serum MMP-3 levels, 

which correspond to the quantity of MMP-3 found in the synovial fluid [12]. (MMP-3) is 

playing a crucial part in RA joint destruction [13], [14]. This is attributed to its wide 

substrate range, which encompasses gelatin, ovostatin, collagens III–V and IX, entactin, 

aggrecan, plasminogen, decorin, perlecan, casein, osteonectin, laminin, MBP, elastin, IL-

1β, MMP-7, MMP-8, MMP-9, MMP-13, and MMP-2/TIMP-2 [15]. MMP-3 is additionally 

capable of activating other degradative enzymes, most notably procollagenase (proMMP-

1) and progelatinase B (proMMP-9) [14]. 

 Accordingly, MMP-3 represents a promising serological marker capable of 

identifying patients at high risk of developing imminent bone erosion. Moreover, given its 

direct involvement in the process of joint destruction, MMP-3 may also be utilized to 

monitor disease activity and therapeutic response. This can, in turn, help the clinicians in 

the formulation and modification of an individualized treatment strategy since high levels 

of MMP-3 point toward patients who, regardless of the stage of the disease, require 

aggressive therapy. 

 

2. Methods  

Subjects: This study followed a cross-sectional design and was carried out at 

Baghdad Teaching Hospital, Medical City, Rheumatology Consultation Clinic. A total of 

80 RA patients were enrolled (15 men, 65 women; age range 18–77 years), and were equally 

allocated into two groups of 40 patients each, classified as either active or inactive RA 

according to DAS28 and ESR criteria. For each participant, clinical data were collected 

through history taking, physical examination, and laboratory investigations. 

Materials: MMP-3 levels in serum were measured using an ELISA kit (CUSABIO™, 

China). 

Specimen collection, storage, and handling: 

1. Venous blood samples were collected under aseptic conditions to minimize 

hemolysis. 

2. Samples were left to coagulate at room temperature for two hours. 

3. Serum was obtained by centrifugation at 1000 ×g for 15 minutes. 

4. Only visually clear, non-hemolyzed sera were included; hemolyzed specimens 

were excluded from analysis. 
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5. Serum samples were stored at −20°C until analysis. 

 

 

 Identification of MMP-3 by ELISA: 

 The test relies on the quantitative sandwich enzyme immunoassay technique. The 

wells in the microplate are coated with a monoclonal antibody specific for MMP3. The 

samples and standard preparations are added to enable capture. The wells are then 

washed and a biotinylated antibody added, followed by an avidin conjugate HRP solution 

and finally a substrate solution to develop a color intensity proportional to the MMP3 

present. 

 Statistical Analysis: The data collected was entered into a computer-based database 

with expert statistical input. The data analysis used SPSS v18 (Chicago, IL, USA). The 

association of discrete data was measured using chi-squared and t-tests. Regression 

analysis procedures evaluated association with MMP-3. A value of <0.05 was used to 

measure levels of significance, and 95% CI used to determine MMP-3 levels regarding 

disease activity. 

 

3. Results 

Age and sex distribution is illustrated in table (1) which showed that 61.25% of current 

study patients were seen in age group 40-59 years old. No significant correlation was found 

between activity of disease in both sexes in regarding to age. Furthermore, most patients 

with RA, whether active or not were female, and the female: male ratio in active RA was 

4.7:1, in inactive RA was 4:1, while the ratio in general, regardless of activity, was 4.3:1. 

(Table 1) ( Figure 1). 

 

Table 1. Age distribution of patients in relation to sex and disease activity. 

Age 

(years) 

males females Odds ratio P 

value 

Total 

No. (%) 
Active 

RA 

Inactive 

RA 

Active RA Inactive RA 

20-29  1 - 1 4 9.00 o.24 6 (7.5) 

30-39 1 3 4 2 0.166 0.21 10(12.5) 

40-49 3 2 9 10 1.66 0.61 24 (30) 

50-59 - 1 15 9 0.2 0.34 25 (31.25) 

60-69 1 2 4 7 0.87 0.92 14 (17.5) 

> 70 1 - - - 3.00 0.67 1 (1.25) 

Total 7 8 33 32 0.84 0.77 80 (100) 
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Figure 1. Frequency distribution of patients according to sex and disease activity. 

          

 Quantitative analyses of serum MMP-3 concentration using unpaired t-test in regard 

to disease activity showed a highly significant correlation; as in table (2).     

     

Table 2. Correlation between MMP-3 and activity of the disease. 

 MMP-3 mean ± SD 

(pg/ml) 

Standard Error Confidence Interval P- value 

Active 

disease 

(n=40) 

607.686 ± 195.963 

37.24 236.036-384.313 <0.001* 
In active 

disease 

(n=40) 

297.511 ± 130.653 

 

* Very highly significant value 

              Matrix metalloproteinase-3was not affected by sex. This is shown in table (3). 

 

Table 3. Relationship between MMP-3 and sex. 

Sex NO. MMP-3 X* ± SD (Pg/ml) 

Female 65 448.3 ± 227.7 

Male 15 471.1 ± 233.1 

     * Mean 

SD(standard deviation)  

              

 

 

 

 

7

33

9

31

0

5

10

15

20

25

30

35

male with
active disease

female with
active disease

male with
inactive
disease

female with
inactive
disease

N
o

. o
f 

p
at

ie
n

ts



 36 
 

  
International Journal of Health Systems and Medical Science 2026, 5(4), 32-40.   http://inter-publishing.com/index.php/IJHSMS 

   Matrix metalloproteinase-3 was not significantly affected by age. This is shown in 

figure (2). 

                 

 

Figure 2. Regression line blotted among MMP-3and age. 

     

                MMP-3(Matrix-metalloproteinase-3), R2 (linear regression coefficient 

 

The duration of illness significantly affect uprising of MMP-3 level. This is shown in 

figure (3).  

 

 

 

Figure 3. Regression line blotted among MMP-3 and duration of illness (years) 

           MMP-3(Matrix-metalloproteinase-3), R2 (linear regression coefficient) 
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            The duration of treatment significantly affect MMP-3 level. This is shown in 

figure (4). 

 

Figure 4. Regression line blotted among MMP-3and duration of treatment. 

       MMP-3(Matrix-metalloproteinase-3), R2 (linear regression coefficient) 

 

4. Discussion 

In this study, most patients with rheumatoid arthritis (61.25%) were within the age 

range of 40–59 years. This finding is in agreement with findings reported in previous Iraqi 

studies [16]–[18] in addition to findings reported in studies conducted abroad [19]–

[22].These studies demonstrated that Most patients with rheumatoid arthritis were over 40 

years of age. Rheumatoid arthritis tends to develop after the age of 40 as a result of the 

cumulative effect of multiple factors that contribute to immune depression, including 

stress, the activation of autoreactive lymphocytes that interact with self-antigens may 

result from thymic involution and prolonged or increased exposure to various antigens, 

including smoking, drugs, and chemicals [23]. 

 The current study showed that the female to male ratio was 4.3:1and this was in 

agreement with many other studies as that conducted by Al-Rawi ZS, Symmons D,  AL- 

Ubaidi A H, and Abdul-Wahid KM which showed a ratio of 5:1, 2.7:1, 6.5:1,and 3.5:1, , 

respectively [16], [17], [18], [24]. The observed female predominance in rheumatoid 

arthritis could be attributed to hormonal factors, particularly estrogen, which promotes T-

helper cell function while inhibiting T-suppressor cell activity. Additionally, estrogen 

receptors are expressed on memory T-cells as well as on synovial cells [25], [26]. Estrogen 

alters immune responses through binding a cytoplasmic receptors in cells that contain 

hormone receptors leading to the activation or, in some instances, repression of gene 

expression. Furthermore,   The detection of prolactin receptors on human peripheral T and 

B cells provides evidence that this hormone may influence the regulation of immune 

responses. Consequently, prolactin may bias immune cells toward TH1-dominated 

responses, which could explain the greater tendency of women to mount TH1-like rather 

than TH2-like immune responses. The former is a pro-inflammatory reaction, and it 

potentiates the autoimmune disease process [27]. 

Prior research has consistently demonstrated that serum MMP-3 concentrations are 

markedly higher in RA patients with active disease when compared to those with inactive 

disease. Keyszer G et al. reported that serum MMP-3 outperformed cytokine 

measurements and connective tissue turnover markers in reflecting clinical RA activity 
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[28]. Ribbens C et al. similarly found that active RA was associated with raised serum 

MMP-3, whereas levels remained within normal range in inactive patients lacking 

clinically detectable synovitis, leading the authors to conclude that serum MMP-3 closely 

mirrors the extent of synovial inflammation [29]. Furthermore, serum MMP-3 has been 

found to be linked to rheumatoid arthritis activity and also to predict functional and also 

radiographic outcomes during the initial untreated disease. This parameter is most useful 

in clinical practice in cases where the standard markers are not reliable, for example, in 

patients who have normal CRP values and non-erosive rheumatoid arthritis [20]. The 

association of MMP-3 with both disease activity and articular erosion severity highlights 

its direct role in joint inflammation and tissue breakdown. Accordingly, MMP-3 may serve 

as a supplementary biomarker for assessing RA activity and disease severity [11]. Besides, 

Tchetverikov I. et al. showed that high serum MMP-3 levels were detected in patients with 

severe RA compared to those with mild disease, suggesting its role as a predictor of further 

joint deterioration [30]. 

The current study did not reveal a correlation between serum MMP-3 concentrations 

and either the age or sex of the patients. Such results have been corroborated by Posthumus 

MD et al. and Ateş A et al, who observed a similar lack of significant variation in serum 

MMP-3 concentrations between male and female RA patients. This could be explained by 

the possibility that the significantly elevated MMP-3 production in affected individuals 

overshadows any slight sex-related differences. [14], [31]. 

Within the context of the current study, a positive relationship was observed between 

mean serum MMP-3 concentration and disease duration. This finding agrees with the 

literature, which has shown a well-established link between circulating MMP-3 levels and 

the length of disease in RA patients. Overall, those with long-standing disease 

demonstrated higher median serum MMP-3 compared to newly diagnosed patients, 

implying that MMP-3 concentrations may reflect the burden of intra-articular 

inflammatory tissue and could be influenced by how long the disease has been present. 

Thus, the synovial pannus of the affected joint has been identified as the predominant 

origin of MMP-3, whereby the progressive expansion of pannus tissue throughout the 

chronic course of the disease likely drives greater MMP-3 secretion into the synovial fluid 

and subsequently into systemic circulation [32]. 

In the present study, a sharp reduction was noted for mean serum levels of MMP-3 in 

relation to longer therapy using anti-TNF-alpha agents, such as etanercept; such findings 

have been supported by previous research. It has been shown that treatment with 

etanercept shows a marked relationship with reduction in serum MMP-3 concentrations 

alongside decreases in other inflammatory markers, supporting a potential contribution of 

this therapy to limiting the subsequent progression of joint damage [33]. Anti–tumor 

necrosis factor-α therapy demonstrates delay radiographic progression, highlighting its 

potential benefit in preventing long-term disability resulting from joint damage, in 

addition to reducing short-term disability associated with the symptoms of inflammatory 

arthritis [34]. After treatment of adult patients with RA with anti-tumor necrosis factor-α 

(etanercept) the clinical improvement including functional status and acute phase 

reactants is rapid and durable [35]. The pro-inflammatory cytokine TNF-α causes tissue 

destruction because it is a potent transcriptional inducer of MMP-3 therefore, their 

function must be tightly controlled. Substantial evidence now indicates that inhibition of 

TNF leads to marked improvements in patient outcomes in rheumatoid arthritis [36]. 

 

5. Conclusion  

Serum levels of MMP-3 were found to be significant in patients suffering from active 

rheumatoid arthritis in comparison to those suffering from the inactive form of the disease. 

This indicates the strong association between MMP-3 and disease activity. These results 

also revealed that MMP-3 levels increase with the prolonged nature of the disease and 
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decrease with the prolongation of treatment, specifically anti-TNF-α. These results suggest 

the practical application of MMP-3 in assessing the response to treatment. No significant 

association of patient age and sex with MMP-3 levels was found. Hence, serum levels of 

MMP-3 can effectively be used as a marker to assess the response of rheumatoid arthritis 

patients to treatment. 

Funding This work received no funding. 

Competing interests statement The authors confirm the absence of any competing 

interests. 

Ethics statement Ethical approval was secured from the Rheumatology Unit, 

Department of Medicine, Medical City, Baghdad Teaching Hospital. This research adhered 

to the principles of the Declaration of Helsinki. All participants signed informed consent 

forms before enrolling in the study. 

 

REFERENCES 

[1] G. J. Tobón, P. Youinou, and A. Saraux, "The environment, geo-epidemiology, and autoimmune disease: 

Rheumatoid arthritis," Autoimmun. Rev., vol. 11, no. 1, pp. 1–5, 2009. 

[2] T. M. Alfonse, T. C. Robert, and C. A. Jean, "Hypothalamic-pituitary-gonadal axis hormones and male 

rheumatoid arthritis: Novel perspectives," Rheumatology, vol. 36, pp. 859–862, 2009. 

[3] S. H. Ralston and I. B. McInnes, "Rheumatology and bone disease," in Davidson's Principles and Practice of 

Medicine, 22nd ed., B. R. Walker, N. R. Colledge, and S. H. Ralston, Eds. Churchill Livingstone, Elsevier, 

2014, ch. 25, pp. 1057–1135. 

[4] D. P. Singal, J. Li, and Y. Zhu, "Genetic basis for rheumatoid arthritis," Arch. Immunol. Ther. Exp. (Warsz.), vol. 

47, no. 5, pp. 307–311, 1999. 

[5] S. A. Albano, S. E. Santana, and M. H. Weisman, "Cigarette smoking and rheumatoid arthritis," Semin. 

Arthritis Rheum., vol. 31, no. 3, pp. 146–159, 2001. 

[6] B. J. Harrison, A. J. Silman, N. J. Wiles, et al., "The association of cigarette smoking with disease outcome in 

patients with early inflammatory polyarthritis," Arthritis Rheum., vol. 44, no. 2, pp. 323–330, 2001. 

[7] D. Hutchinson, L. Shepstone, R. Moots, et al., "Heavy cigarette smoking is strongly associated with 

rheumatoid arthritis (RA), particularly in patients without a family history of RA," Ann. Rheum. Dis., vol. 60, 

no. 3, pp. 223–227, 2001. 

[8] M. Heliövaara, K. Aho, A. Aromaa, et al., "Smoking and risk of rheumatoid arthritis," J. Rheumatol., vol. 20, 

no. 11, pp. 1830–1835, 1993. 

[9] B. S. Sekhon, "Matrix metalloproteinases – an overview," Res. Rep. Biol., vol. 1, pp. 1–20, 2010. 

[10] P. Alexander, Matrix Metalloproteinases. Oncogene Research Products, 2002, pp. 1–6. 

[11] M. A. AL-Sebaie, A. Z. AL-Yasaky, N. Y. Assaf, et al., "Serum and synovial fluid levels of MMP-3 and TIMP-

1 in rheumatoid arthritis and osteoarthritis," Egypt. Rheum. Rehab., vol. 30, pp. 841–860, 2003. 

[12] S. Reuter, "MMP-3 – A new prognostic and activity marker for managing therapy in rheumatoid arthritis," 

Clin. Lab. Int., vol. 34, pp. 8–10, 2010. 

[13] A. Mamehara, T. Sugimoto, D. Sugiyama, et al., "Serum matrix metalloproteinase-3 as predictor of joint 

destruction in rheumatoid arthritis, treated with non-biological disease modifying anti-rheumatic drugs," 

Kobe J. Med. Sci., vol. 56, no. 3, pp. 98–107, 2010. 

[14] M. D. Posthumus, P. C. Limburg, J. Westra, et al., "Serum level of matrix metalloproteinase-3 in relation to 

the development of radiological damage in patients with early rheumatoid arthritis," Rheumatology (Oxford), 

vol. 38, no. 11, pp. 1081–1087, 1999. 

[15] R. P. Verma and C. Hansch, "Matrix metalloproteinases (MMPs): Chemical–biological functions and 

(Q)SARs," Bioorg. Med. Chem., vol. 15, no. 6, pp. 2223–2268, 2007. 

[16] Z. S. AL-Rawi, A. J. AL-Azzawi, F. M. AL-Ajili, et al., "Rheumatoid arthritis in population samples in Iraq," 

Ann. Rheum. Dis., vol. 37, no. 1, pp. 73–75, 1978. 



 40 
 

  
International Journal of Health Systems and Medical Science 2026, 5(4), 32-40.   http://inter-publishing.com/index.php/IJHSMS 

[17] A. H. AL-Ubaidi, M. M. Mohamed, and K. AL-Bidri, "Comparison between anti-RA33 antibodies, 

anticitrullinated peptides antibodies with rheumatoid factor and C-reactive protein in the diagnosis of Iraqi 

patients with rheumatoid arthritis," M.S. thesis, Dept. Med., Baghdad Coll. Med., Baghdad, Iraq, 2012. 

[18] K. M. Abdul-Wahid, M. M. Mohamed, and M. H. Alosami, "Serum levels of adiponectin before and after 

administration of anti-tumor necrosis factor agents in a sample of Iraqi patients with rheumatoid arthritis," 

M.S. thesis, Dept. Med., Baghdad Coll. Med., Baghdad, Iraq, 2013. 

[19] T. Sokka, B. Toloza, M. Cutolo, et al., "Women, men, and rheumatoid arthritis: Analyses of disease activity, 

disease characteristics, and treatments in the QUEST-RA Study," Arthritis Res. Ther., vol. 11, no. 1, pp. 1–12, 

2009. 

[20] M. J. Green, A. K. S. Gough, J. Devlin, et al., "Serum MMP-3 and MMP-1 and progression of joint damage in 

early rheumatoid arthritis," Rheumatology (Oxford), vol. 42, no. 1, pp. 83–88, 2003. 

[21] J. J. Goronzy and C. M. Weyand, "Rheumatoid arthritis," Immunol. Rev., vol. 204, pp. 55–73, 2005. 

[22] C. Helmick, D. Felson, R. Lawrence, et al., "Estimates of the prevalence of arthritis and other rheumatic 

conditions in the United States," Arthritis Rheum., vol. 58, no. 1, pp. 15–25, 2008. 

[23] B. L. Kotzin, "The role of B cells in the pathogenesis of RA," J. Rheumatol. Suppl., vol. 73, pp. 14–18, 2005. 

[24] D. Symmons, G. Turner, R. Webb, et al., "The prevalence of rheumatoid arthritis in the United Kingdom: 

New estimates for a new century," Rheumatology (Oxford), vol. 41, no. 7, pp. 793–800, 2002. 

[25] H. Takaji, N. Ishigura, H. Iwata, et al., "Genetic association between RA and estrogen receptor microsatellite 

polymorphism," J. Rheumatol., vol. 27, no. 7, pp. 1638–1642, 2000. 

[26] G. Nalbandian and S. Kovats, "Understanding sex biases in immunity: Effects of estrogen on the 

differentiation and function of antigen presenting cells," Immunol. Res., vol. 31, no. 2, pp. 91–106, 2005. 

[27] J. A. Owen, J. Punt, S. A. Stranford, et al., "Tolerance, autoimmunity, and transplantation," in Kuby 

Immunology, 7th ed. New York, NY, USA: W. H. Freeman and Company, 2013, ch. 16, pp. 517–551. 

[28] G. Keyszer, I. Lambiri, R. Nagel, et al., "Circulating levels of matrix metalloproteinases MMP-3 and MMP-1, 

tissue inhibitor of metalloproteinases 1 (TIMP-1), and MMP-1/TIMP-1 complex in rheumatic disease. 

Correlation with clinical activity of rheumatoid arthritis versus other surrogate markers," J. Rheumatol., vol. 

26, no. 2, pp. 251–258, 1999. 

[29] C. Ribbens, M. M. Y. Porras, N. Franchimont, et al., "Increased matrix metalloproteinase-3 serum levels in 

rheumatic diseases: Relationship with synovitis and steroid treatment," Ann. Rheum. Dis., vol. 61, no. 2, pp. 

161–166, 2002. 

[30] I. Tchetverikov, L. R. Lard, J. DeGroot, et al., "Matrix metalloproteinases-3, -8, -9 as markers of disease 

activity and joint damage progression in early rheumatoid arthritis," Ann. Rheum. Dis., vol. 62, no. 11, pp. 

1094–1099, 2003. 

[31] A. Ateş, N. Türkçapar, Ü. Ölmez, et al., "Serum pro-matrix metalloproteinase-3 as an indicator of disease 

activity and severity in rheumatoid arthritis: Comparison with traditional markers," Rheumatol. Int., vol. 27, 

no. 8, pp. 715–722, 2007. 

[32] D. J. Taylor, N. T. Cheung, and P. T. Dawes, "Increased serum proMMP-3 in inflammatory arthritides: A 

potential indicator of synovial inflammatory monokine activity," Ann. Rheum. Dis., vol. 53, no. 11, pp. 768–

772, 1994. 

[33] A. I. Catrina, J. Lampa, S. Ernestam, et al., "Anti-tumor necrosis factor-α therapy (etanercept) down-regulates 

serum matrix metalloproteinase (MMP)-3 and MMP-1 in rheumatoid arthritis," Rheumatology (Oxford), vol. 

41, no. 5, pp. 484–489, 2002. 

[34] S. K. Agarwal, "Biologic agents in rheumatoid arthritis: An update for managed care professionals," J. Manag. 

Care Pharm., vol. 17, no. 9-b, pp. S14–S18, 2011. 

[35] L. W. Moreland, M. E. Weinblatt, E. C. Keystone, et al., "Etanercept treatment in adults with established 

rheumatoid arthritis: 7 years of clinical experience," J. Rheumatol., vol. 33, no. 5, pp. 854–861, 2006. 

[36] A. Kavanaugh, "Novel immunomodulatory therapies for rheumatoid arthritis," Rheumatology (Oxford), vol. 

44, suppl. 2, pp. ii21–ii25, 2005. 

 


