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INTRODUCTION

Rheumatoid arthritis (RA) is a prolonged immune-mediated 

disease characterized by erosive polyarthritis and joint destruc-
tion with systemic complications [1]. It affects a wide range 
of physical function, well-being, and productivity, in addition 
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Objective: This study aims to evaluate the change in serum metalloproteinase-3 (MMP-3) following the management of active 
rheumatoid arthritis (RA) and define the relationships between MMP-3 and disease activity indices.
Methods: Data from a previously reported a 24-week, randomized controlled trial to investigate efficacy of tocilizumab in active 
RA refractory to methotrexate were analyzed. The serum level of MMP-3 were measured at week 0, 12, 20, and 24. The changes in 
MMP-3, and the relationship between MMP-3 and clinical parameters was assessed based on treatment group, methotrexate with 
or without tocilizumab.
Results: A total of 95 patients were included in this study. The serum MMP-3 significantly decreased and showed similar pattern 
with other disease activity indices during treatment period in both treatment groups (p<0.001). The MMP-3 was positively cor-
related with ESR, CRP, DAS28, SDAI, and CDAI for 302 visits throughout 24 weeks (p<0.001). In another correlation analysis to 
evaluate the treatment effect at 24 week time point, methotrexate group showed significant correlation between serum markers: 
MMP-3 (r=0.321, p=0.043); ESR (r=0.450, p=0.002); and CRP (r=0.536, p<0.001), with DAS28, but tocilizumab group didn’t show 
meaningful correlation between serum markers and DAS28 (p>0.05). 
Conclusion: Serum MMP-3 showed positive correlation with disease activity indices in active RA patients. Furthermore, serum 
MMP-3 significantly decreased from baseline to week 20. As there is no single serum marker that can represent the disease activity 
particularly in tocilizumab treatment, MMP-3 might be a useful adjunct indicator to evaluate the treatment response in active RA 
patients.
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to increased demand for health care resources. A strategic ap-
proach is required for better outcome in case of high disease 
activity [2]. Recently, the introduction of disease-modifying an-
tirheumatic drugs (DMARDs) has led to an evolution of thera-
peutic algorithms and strategies for RA, dramatically improving 
patient outcomes [3]. Developing better outcome measures is 
one of the major issues in the treatment of RA [4]. Remission, 
defined by composite indices such as 28-joint Disease Activity 
Score (DAS28) and Simplified Disease Activity Index (SDAI), is 
the therapeutic goal for patients with RA, and it is also regarded 
as a primary or secondary endpoint for clinical trials [5]. How-
ever, most of these measures, including patient or physician 
global assessment, use swollen or tender joint count, a subjec-
tive approach to disease activity. As observer (rheumatologists) 
variation is not neglected, standardization of these measures is 
demanding to perform in daily clinical practice.

The determination of serum markers may be one of the ob-
jective approaches for estimating disease activity. Erythrocyte 
sedimentation rate (ESR) and C-reactive protein (CRP) are 
the most frequently used for assessing disease activity in RA 
patients. However, those are markers of non-specific inflamma-
tion, not specific inflammation in rheumatoid synovium [6]. 
Unlike other biologic agents, tocilizumab has the mechanism 
of action that involves inhibition of interleukin (IL)-6 receptors, 
resulting in CRP levels decreased to negative values. Therefore, 
outcome measures that depend on CRP levels may not reflect 
disease activity under the tocilizumab treatment [7,8]. 

Matrix metalloproteinase-3 (MMP-3) is produced by syn-
oviocytes and responsible for the degradation of collagen in 
cartilage, thus having pivotal roles in the destruction of cartilage 
in patients with RA [9]. With respect to its diagnostic and prog-
nostic potential in RA patients, elevated serum concentrations 
of MMP-3 have been studied to correlate with disease activity 
indices [10,11]. However, serial MMP-3 levels and the correla-
tion between MMP-3 and clinical parameters at different time 
points are rare, and comparing the change of MMP-3 levels in 
methotrexate with tocilizumab therapy have not yet been estab-
lished in patients with RA. 

This study aims to define the relationship between MMP-3 
and several disease activity indices, and to compare the change 
of MMP-3 levels during 24-week treatment of methotrexate 
with tocilizumab in active RA patients data from prospective 
randomized controlled study [12]. 

MATERIALS AND METHODS

Participants
The data of this study were collected from previously reported 

multicenter randomized clinical trial to investigate the efficacy 
and safety of tocilizumab in Korean patients with active RA 
failed to respond to methotrexate with or without other con-
ventional DMARDs [12]. From October 2009 to October 2010, 
patients with RA who fulfilled the 1987 American College of 
Rheumatology (ACR) criteria were enrolled [13]. Active RA was 
defined by 6 or more swollen joints based on 66-joint count; 
8 or more tender joints based on 68-joint count; serum CRP 
1 mg/dL or higher; or ESR 28 mm/hr or higher. Stable dose 
of conventional DMARDs was required within 8 weeks prior 
to the baseline. Concurrent oral glucocorticoids (≤10 mg/day 
prednisone or equivalents) and non-steroidal anti-inflammatory 
drugs were allowed. Key exclusion criteria included concurrent 
active infection or malignancy, or previous hypersensitivity or 
contraindication to treatment with tocilizumab.

Study design
The main study of previous trial was a 24-week, phase III, 

randomized double-blind, placebo-controlled study. A total 
of 99 patients were randomized in a 1:1 ratio to receive either 
placebo (n=51) or tocilizumab (n=48) stratified according to 
methotrexate alone or in combination with other conventional 
DMARDs. During the trial, four patients were excluded from 
the main study due to Good Clinical Practice (GCP) or protocol 
violations: 3 from the placebo group and 1 from the tocilizumab 
group. In this study, we newly defined these two groups as 
methotrexate group (methotrexate therapy; n=48) and tocili-
zumab group (methotrexate with tocilizumab therapy; n=47). 
Concurrent conventional DMARDs was continued during the 
study. The detailed protocol of main study was provided in 
Supplementary Data. The study was approved by the Institu-
tional Review Board of Seoul National University Hospital (IRB 
#1302-028-463 and #1701-018-820) and written informed was 
obtained from each patients. This study was conducted in ac-
cordance with the principles of the Declaration of Helsinki and 
GCP guidelines.

Data collection
The clinical data included age, sex, disease duration, 

66/68-joint count, patient’s pain and global assessment (0~100 
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Table 1. Baseline demographic and clinical characteristics of enrolled RA patients

Characteristics Total
(n=95)

Methotrexate group  
(n=48)

Tocilizumab group  
(n=47) p-value

Age (yr) 52.3±11.3 52.0±12.24 52.6±10.4 0.806

Female 84 (88.4) 42 (87.5) 42 (89.4) 0.777

Disease duration (yr) 9.87±7.5 8.9±7.2 10.8±7.8 0.220

Smoking history 5 (5.3) 3 (6.3) 2 (4.3) 1.000

Weight (kg) 56.46±9.2 57.7±10.2 55.2±8.0 0.172

TJC (66 assessed) 22.3±13.1 22.8±14.0 21.8±12.1 0.722

SJC (68 assessed) 11.1±7.9 11.9±10.0 10.3±4.9 0.319

Patient’s pain VAS (0~100) 59.7±22.4 60.7±21.8 58.6±23.1 0.654

Patient’s global VAS (0~100) 65.0±22.2 65.9±20.0 64.0±24.4 0.673

Physician’s global VAS (0~100) 63.2±16.9 63.0±18.1 63.4±15.7 0.917

HAQ-DI 1.32±0.67 1.4±0.6 1.3±0.7 0.418

Laboratory findings

   RF positivity 58 (61.1) 24 (50.0) 34 (72.3) 0.0256

   RF titer (U/mL) (n=54)* 102.27±156.37 164±217 162±191 0.246

   ESR (mm/hr) 52.3±26.2 52.5±27.1 52.2±25.6 0.958

   CRP (mg/dL) 2.9±2.6 3.0±2.7 2.7±2.5 0.656

   MMP-3 (ng/mL) (n=90) 290.0±206.4 277.9±189.7 302.1±223.4 0.581

   IL-6 (pg/mL) 8.7±5.1 8.9±4.9 8.6±5.4 0.818

   sIL-6R (ng/mL) 130.0±68.7 127.4±68.9 132.7±69.1 0.708

DAS28-ESR 6.9±0.9 6.8±1.0 6.9±0.9 0.972

   Low disease activity 0 (0.0)

   Moderate disease activity 0 (0.0)

   High disease activity 95 (100.0)

DAS28-CRP (choice one) 6.2±1.0 6.2±1.0 6.2±1.0 0.762

   Low disease activity 0 (0.0) 0 (0.0) 0 (0.0)

   Moderate disease activity 13 (13.7) 6 (12.5) 7 (14.9) 0.734

   High disease activity 82 (86.3) 42 (87.5) 40 (85.1)

SDAI 45.3±14.7 45.7±15.6 44.8±13.9 0.754

CDAI 42.4±13.6 42.8±15.0 42.0±12.3 0.800

DMARDs

   MTX alone 54 (56.8) 26 (54.2) 28 (59.6) 0.595

      MTX dose (mg/wk) 14.18±3.21 13.6±3.4 14.5±3.0 0.314

   Hydroxychloroquine 32 (33.7) 19 (39.6) 13 (27.7) 0.219

   Sulfasalazine 9 (9.5) 3 (6.3) 6 (12.8) 0.278

Oral glucocorticoid 84 (88.4) 45 (93.8) 39 (83.0) 0.101

Values are presented as mean±standard deviation or number (%). CDAI: Clinical Disease Activity Index, CRP: C-reactive protein, DAS28: 
28-joint Disease Activity Score, DMARD: disease-modifying antirheumatic drug, ESR: erythrocyte sedimentation rate, HAQ-DI: Health 
Assessment Questionnaire disability index, IL-6: interleukin-6, MMP-3: metalloproteinase-3, MTX: methotrexate, RF: rheumatoid factor, 
SDAI: Simplified Disease Activity Index, sIL-6R: soluble IL-6 receptor, SJC: swollen joint count, TJC: tender joint count, VAS: visual analog 
scale. *Based on the calculation from the patients with positive RF (≥15 U/mL). 
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scale), physician’s global assessment (0~100 scale), Health As-
sessment Questionnaire Disability Index (HAQ-DI, 0~3), 
DAS28, SDAI and Clinical Disease Activity Index (CDAI). 
DAS28 scores were calculated by using the 66/68 joint count. 
Therefore, an involvement of over 28 joints was considered 
as the involvement of 28 joints. Patients were divided into 
two groups by disease activity at 24 weeks: high disease activ-
ity group (HDA at 24 weeks; DAS28>5.1) or remission, low 
and moderate disease activity group (non HDA at 24 weeks; 
DAS28≤5.1).

Laboratory data included rheumatoid factor (U/mL), ESR 
(mm/h), CRP (mg/dL), IL-6 (pg/mL), and soluble IL -6 receptor 
(sIL-6R) (ng/mL). The levels of IL‐6 were measured by high‐
sensitivity Enzyme-Linked Immunosorbent Assay (ELISA) 
(BMS213HS; Bender MedSystems, Vienna, Austria) and sIL-
6R by ELISA (BMS214; Bender MedSystems) according to the 
manufacturer’s instructions. Serum was collected every 4 weeks. 

Determination of serum MMP-3 levels
MMP-3 levels (ng/mL) were analyzed at baseline and 12, 20, 

and 24 weeks after baseline. The normal range of serum MMP-
3 concentrations was from 36.9 ng/mL to 121.0 ng/mL for male 
or from 17.3 ng/mL to 59.7 ng/mL for female. The values were 
determined using Nanopia MMP-3, a latex turbidimetric im-
munoassay (SEKISUI MEDICAL CO., LTD., Tokyo, Japan).

Statistical analysis
Continuous variables were summarized as means with stan-

dard deviations (SD) and ranges. Categorical variables were 
summarized as absolute numbers and percentages. A linear 
mixed model (LMM) was used to investigate the changes in 
MMP-3 and continuous variables for disease activities with time 
between methotrexate group and tocilizumab group adjusted 
for age, sex, and treatment. The relationship between the various 
clinical and laboratory parameters was tested using Pearson cor-
relation analysis. p-values of ≤0.05 were considered statistically 
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Figure 1. Changes in level of serum MMP-3 (A) and disease activity indices (B~F) between two treatment groups during 24-week follow 
up. Statistical analysis was performed by linear mixed model adjusted for age, sex, and treatment. Data were expressed as mean (SE) 
value. CDAI: Clinical Disease Activity Index, CRP: C-reactive protein, DAS28: 28-joint Disease Activity Score, ESR: erythrocyte sedimentation 
rate, MMP-3: metalloproteinase-3, MTX: methotrexate, SDAI: Simplified Disease Activity Index, SE: standard error, TCZ: tocilizumab.
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significant. Furthermore, patients were divided into two groups 
based on disease activity at 24 weeks: non high disease activ-
ity group including patients with remission, low and moderate 
disease activity (non HDA at 24 weeks; DAS28≤5.1); and high 
disease activity group (HDA at 24 weeks; DAS28>5.1). We also 
compared serum markers with time in two different disease ac-
tivity groups by using LMM adjusted for age, sex, and treatment. 
All statistical analyses were performed by using SPSS (version 
26.0; IBM Corp., Armonk, NY, USA), and data were visualized 
by Prism (version 8.0.1; GraphPad software, San Diego, CA, 
USA) for Window 10.

RESULTS

Baseline characteristics of the participants
Data from 95 Korean patients with active RA were analyzed. 

The patient baseline demographics and clinical characteristics 
are described in Table 1. In brief, the mean±SD age of the pa-
tients was 52.3±11.3 and 88.4% were female. The serum level of 
MMP-3 at baseline was 290.0±206.4 ng/mL. All patients showed 
moderate or high disease activity; their mean DAS28-ESR, 
DAS28-CRP, SDAI, and CDAI were 6.9±0.9, 6.2±1.0, 45.3±14.7, 
and 42.4±13.6, respectively. There was no statistically difference 
between methotrexate group and tocilizumab group in base-
line disease activity indices including serum markers (ESR and 
CRP), DAS28-ESR, DAS28-CRP, SDAI, and CDAI (all p>0.05). 
Patients receiving methotrexate alone were 56.8%, methotrexate 
with hydroxychloroquine were 33.7%, and methotrexate with 
sulfasalazine were 9.5% at baseline.

Changes in serum MMP-3 levels and disease activity 
indices in RA patients during the 24 weeks

The changes in level of serum MMP-3 and disease activity in-
dices were demonstrated in Figure 1. All disease activity indices 
including MMP-3, ESR, CRP, DAS28, SDAI, and CDAI were 

significantly higher in methotrexate group than in tocilizumab 
group throughout the course of treatment (all p<0.001). The 
mean MMP-3 (standard error) in tocilizumab group largely de-
creased from baseline to 20 weeks, and then slightly rebounded 
at 24 weeks: 323.0 (29.8) ng/mL at baseline, 143.4 (29.6) ng/mL 
at 12 weeks, 122.2 (29.9) ng/mL at 20 weeks, and 137.6 (30.7) 
ng/mL at 24 weeks (p<0.001, Figure 1A). The changes in other 
disease activity indices showed similar patterns to MMP-3 but 
decrements continued to 24 weeks (Figure 1B~F). 

Correlations between MMP-3 and other biomarkers
The serum MMP-3 levels were positively correlated with 

ESR (r=0.557, p<0.001), CRP (r=0.564, p<0.001), DAS28 
(r=0.448, p<0.001), SDAI (r=0.339, p<0.001) and CDAI 
(r=0.291, p<0.001) for 302 visits throughout 24 weeks (Table 2). 
IL-6 showed no significant correlation with MMP-3 (r=0.112, 
p=0.149), sIL-6R showed a weakly negative correlation with 
MMP-3 levels (r=-0.190, p=0.015). Meanwhile, CRP levels were 
significantly correlated with IL-6 (r=0.263, p<0.001) and sIL-6R 
(r=0.266, p<0.001; Supplementary Table 1). We also analyzed 
the correlation of each serum marker with DAS28 after 24-
week treatment. Significantly positive correlation was showed 
between serum markers and DAS28 (MMP-3, r=0.398; ESR, 
r=0.581; and CRP, 0.586 with all p<0.001; Figure 2, left panel). 
Based on treatment group, while methotrexate group showed 
significantly good correlation between all serum markers and 
DAS28 (Figure 2, middle panel), tocilizumab group did not 
show significant correlation of all serum markers with DAS28 at 
24 weeks (Figure 2, right panel). 

Comparison of changes in serum levels of MMP-3 
and acute phase reactants during the treatment period 
according to disease activity at 24 weeks 

When grouped by the DAS28 scores at 24 weeks, 47 (54.7%) 
were in non HDA group (DAS28≤5.1), and 39 (45.3%) were in 

Table 2. Correlation of serum MMP-3 levels with clinical parameters
SJC TJC PtGA PGA ESR CRP IL-6 sIL-6R DAS28 SDAI CDAI

MMP-3 r=0.265
p<0.001

r=0.210
p=0.001

r=0.204
p<0.001

r=0.361
p<0.001

r=0.557
p<0.001

r=0.564
p<0.001

r=0.112
p=0.149

r=-0.190
p=0.015

r=0.448
p<0.001

r=0.339
p<0.001

r=0.291
p<0.001

CDAI: Clinical Disease Activity Index, CRP: C-reactive protein, DAS28: 28-joint Disease Activity Score, ESR: erythrocyte sedimentation rate, 
IL-6: interleukin-6, MMP-3: metalloproteinase-3, PGA: Physician’s global assessment, PtGA: Patient’s global assessment, SDAI: Simplified 
Disease Activity Index, sIL-6R: soluble IL-6 receptor, SJC: swollen joint count, TJC: tender joint count. Correlation analysis were derived from 
measurements taken from 95 patients with RA at baseline and 12, 20, and 24 weeks. Pearson’s correlation coefficient (r) and p-value 
levels are decribed.
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HDA group (DAS28>5.1). The mean change of MMP-3 and 
acute phase reactants levels from baseline to 24 weeks in each 
group is presented in Figure 3. The mean decrement in the lev-
els of MMP-3 at 20 weeks from baseline was significantly greater 
in non HDA group than HDA group (156.1 ng/mL and −50.9% 
from baseline in non HDA group; and 225.4 ng/mL and −23.9% 
from baseline in HDA group). After 20-week treatment, the 
MMP-3 levels rebounded greater in HDA group than non HDA 
group at 24 weeks (172.6 ng/mL in non HDA group; and 269.7 
ng/mL in HDA group, p=0.013; Figure 3A). The change of ESR 
levels was rapidly decreased at 4 weeks from baseline especially 
in non HDA group and plateaued (16.5 mm/hr and −65.4% 

from baseline in non HDA group; and 40.8 mm/hr and −21.4% 
from baseline in HDA group; p<0.001; Figure 3B). While the 
CRP levels showed similar change to ESR, it did not show the 
significant difference of change patterns throughout treatment 
period between non HDA and HDA groups (1.02 mg/dL and 
−60.0% from baseline in non HDA group; and 3.12 mg/dL and 
−30.9% from baseline in HDA group; p=0.534; Figure 3C). Un-
like MMP-3, there were no significant rebound pattern in the 
level of ESR and CRP after 20 weeks.
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Figure 2. Correlation of each serum marker with DAS28 at 24 weeks. Pearson’s correlation coefficient (r) and p-value levels are decribed. 
DAS28: 28-joint Disease Activity Score, ESR: erythrocyte sedimentation rate, MMP-3: metalloproteinase-3, MTX: methotrexate, TCZ: 
tocilizumab.
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DISCUSSION

This study was performed to evaluate the serial relationships 
between MMP-3 and several disease activity indices using the 
data and serum samples obtained in the previous randomized 
controlled trial in active RA patients treated with methotrexate 
with or without tocilizumab for 24 weeks [12]. We found that 
the MMP-3 levels robustly decreased from baseline to 12 weeks, 
and this decrement continued into week 20 during 24-week 
treatment period. Furthermore, the MMP-3 was positively cor-
related with ESR, CRP, DAS28, SDAI, and CDAI for 302 visits 
throughout 24 weeks.

The evaluation of disease activity by symptoms and sign is 
important in RA patients; in this regard, composite scores of 
indices such as DAS28, SDAI, or CDAI have been developed. 
However, these indices are subjective and require training for 
the assessors to reduce variability. In fact, standardization of 
these measures is demanding in clinical practice. Therefore, se-
rum markers in RA are valuable for decision-making as adjunc-
tive measures in clinical situations.

 In this study, all enrolled patients were moderate or high dis-
ease activity by DAS28, and had elevated MMP-3 levels (290.0 
ng/mL) at baseline, consistent with the previous studies [14,15]. 
Zhou et al. [16] reported serum MMP-3 levels in each group of 
patients with active RA: 54.25 ng/mL in mild RA, 105.10 ng/mL 
in moderate RA, and 363.11 ng/mL in severe RA. We also found 
that the serum MMP-3 levels significantly decreased following 
the treatment, especially with tocilizumab (122.2 ng/mL at 20 

weeks).
Given the tocilizumab acts by different mechanism from 

other DMARDs, there are some reports that levels of serum 
markers such as ESR and CRP remain negative values during 
tocilizumab treatment [14,17]. Tocilizumab is a monoclonal 
antibodies acting as IL-6 receptor blocker and fully inhibits the 
production of acute-phase reactants in particular CRP [18]. 
Therefore, negative values of CRP frequently observed even 
in some patients do not achieve to remission or lower disease 
activity under tocilizumab treatment. We demonstrated similar 
results that ESR and CRP levels in tocilizumab group showed 
negative values during 24 weeks follow up (Figure 1). Further-
more, our analysis of the correlation between serum markers 
and DAS28 after 24-week treatment showed that methotrexate 
group but not tocilizumab group showed significantly positive 
correlation of serum markers including MMP-3, ESR, and CRP 
with DAS28 (Figure 2). These results indicate that serum mark-
ers are affected by the mechanism of tocilizumab. Although 
we failed to show the significant correlation between MMP-3 
and DAS28 after 24-week tocilizumab treatment, all 8 patients 
with high disease activity in tocilizumab group showed elevated 
MMP-3 levels but not ESR and CRP levels (data not shown).

We performed further subgroup analysis to investigate the 
changes of serum markers based on DAS28 at 24 weeks: non 
HDA and HDA groups. Interestingly, the levels of MMP-3 and 
ESR showed significant decrease with treatment during 24 
weeks in both two different disease activity groups, while CRP 
did not show meaningful change in these groups (Figure 3). 
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Figure 3. Changes in serum MMP-3 (A), ESR (B), and CRP (C) levels across the 24 weeks according to two disease activity groups. 
Statistical analysis was performed by performed by linear mixed model adjusted for age, sex, and treatment. Data were expressed as 
mean (SE) value. Non HDA at 24 weeks; non high disease activity group including patients with remission, low and moderate disease 
activity at 24 weeks, DAS28≤5.1. HDA at 24 weeks; high disease activity group at 24 weeks, DAS28>5.1. DAS28: 28-joint Disease Activity 
Score, CRP: C-reactive protein, ESR: erythrocyte sedimentation rate, MMP-3: metalloproteinase-3, RA: rheumatoid arthritis, SE: standard 
error.
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These results suggest that MMP-3 and ESR rather than CRP 
might be a good predictors of treatment response in subgroup 
based on disease activity. In addition, we found that decrement 
of MMP-3 levels rebounded at 24 weeks. Although we didn’t 
obtain the information of radiographic damage, it may be attrib-
uted to radiographic progression. In fact, we cannot provide the 
clear relationship of re-elevated MMP-3 levels and radiographic 
progression. However, several prior studies demonstrated that 
MMP-3 is potential marker of radiographic damage [15,19,20].

The utility of serum MMP-3 has been studied but little known 
in longitudinal analysis. Shinozaki et al. reported the relation-
ship of serum MMP-3 and increment in HAQ over 4 years 
[21]. However, they demonstrated the usefulness of positivity 
of MMP-3 by qualitative analysis. In other previous studies, 
longitudinal analysis was done in a small number of patients 
with RA, or serial MMP-3 levels were not presented [14,16,22]. 
Compared to these reports, we included 95 patients with active 
RA from a prospective trial, and performed a quantitative analy-
sis of MMP-3 and an evaluation of the change in MMP-3 levels 
grouped by methotrexate or tocilizumab treatment for 24 weeks. 

This study had several limitations. Firstly, given that we used 
a cohort of RA patients from a previous randomized controlled 
trial where tocilizumab was compared with conventional 
DMARDs in patients with high disease activity, we could not 
rule out the effects of other biologics, including tumor necrosis 
factor inhibitor, on MMP-3 levels. Secondly, although previous 
studies reported serum MMP-3 level as a useful marker for pre-
dicting joint damage progression, we could not obtain any infor-
mation about the radiographic change in our patients. Thirdly, 
when calculating the disease activity scores, we used 66/68 joint 
count, which may have overestimated the RA disease activity 
compared to 28 joint count data. However, our data was based 
on the prospective controlled trial and could provide the most 
reliable evidence on the effectiveness of treatment on MMP-3 
levels. 

CONCLUSION

In conclusion, this study showed the meaningful relationships 
between MMP-3 and ESR, CRP, DAS28, SDAI, and CDAI in 
RA patients. Furthermore, the MMP-3 levels largely and signifi-
cantly decreased from baseline to 20 weeks over the 24-week 
treatment period. 

There is no single serum marker to represent the disease ac-

tivity particularly in tocilizumab treatment. Thus, our results 
suggest that MMP-3 might be a useful adjunct indicator to 
evaluate the treatment response in active RA patients.
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