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Abstract
Objective

Biologics for rheumatoid arthritis (RA) patients with moderate to severe disease may preserve joint function. 
Matrix metalloproteinase 3 (MMP-3), a key tissue degrading protease, is highly elevated in RA. MMP-3, which 

measures the total pool of circulating MMP-3 species (cMMP3), is a commonly measured biomarker in rheumatology. 
The aim was to investigate the association of activated MMP-3 (actMMP3) species with treatment response compared 

to cMMP-3. 

Methods
The LITHE biomarker study (n=741) was a 1-year phase III, double-blind, placebo-controlled, parallel group study 
of TCZ in RA patients on stable methotrexate. cMMP-3 and actMMP-3 were assessed in fasting serum at baseline, 

week 4, 16, 24 and 52. Patients not achieving ACR20 remission at week 16 or 28 received rescue treatment (escapers). 
Spearman’s correlation was analysed between biomarker baseline level or biomarker delta and clinical measures. 

Changes in biomarker levels were studied as a function of time and treatment.

Results
ActMMP-3 16-week change in treatment groups was predictive of 1-year radiographic progression; a small change in 

actMMP3 was equal to worsening radiographics. Baseline cMMP-3 was associated with 52-weeks’ radiographic status 
and cMMP3 16-weeks’ change was predictive of 1-year change in disease activity. ActMMP-3 was dose-dependently 

decreased by TCZ, and escapers decreased in actMMP-3 upon treatment. 

Conclusion
ActMMP-3 and cMMP-3 were found to be efficacy biomarkers of TCZ and actMMP-3 were able to differentiated doses. 
Moreover, the suppression of actMMP3, but not cMMP3 was associated with treatment response. This study illustrates 

that two biomarkers of the same protein may have different predictive capacities.
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Introduction
Rheumatoid arthritis (RA) is a chronic 
autoimmune disease characterised by in-
flammation and massive tissue destruc-
tion in multiple synovial joints. Tissue 
destruction is a consequence of an un-
balanced tissue remodelling, in which 
the increase in protease activity results 
in increased tissue degradation that is 
not compensated with tissue formation. 
Several studies have shown that matrix 
metalloproteinase 3 (MMP-3) is elevat-
ed in RA and other arthritic diseases (1-
4). Thus, MMP-3 could be a biomarker 
of disease activity, and progression and 
a treatment efficacy in arthritic diseases. 
Biologic treatments for RA patients 
with moderate to severe disease have 
shown to preserve the joint (5). How-
ever, since biologics are also associ-
ated with side effects there is a medical 
need for early identification of those 
patients that are progressing toward 
joint destruction (structural progres-
sors) and who will benefit the most 
from treatment with biologics. Clini-
cal measures such as radiography and 
disease activity scores have shown to 
be ineffective in early identification of 
patients who benefit from a given treat-
ment. Thus, developing and identify-
ing biomarkers for early identification 
of progressors and those who respond 
to treatment are urgently needed. This 
will ensure clinical benefit for the right 
patients and will improve the benefit/
risk ratio of therapies and enhance the 
quality of life for the patients.
MMP-3, also known as stromelysin-1, is 
a zinc-dependent protease that is mainly 
secreted by fibroblasts. The main func-
tion of the protease is degradation of 
extracellular matrix (ECM) and activa-
tion of other proteases (6–8). MMP-3 is 
secreted as an inactive protease, which 
is activated upon removal of the pro-
peptide by proteases (6). The inactive 
form of MMP-3 is found in circula-
tion, but the activated form of MMP-3 
(containing the catalytic domain) is in 
circulation mainly found as a complex 
with the plasma proteinase inhibitor 
alpha-2-macroglobulin (9). This com-
plex with alpha-2-macroglobulin is not 
detected in the conventional MMP-3 as-
sessment. Thus, assessment of MMP-3 
in circulation only measures the inac-

tive circulating form MMP-3 (cMMP3). 
Hence, the conventional assessment 
does not give information about the 
amount of active MMP-3, which medi-
ates tissue destruction. Assessment of 
the activity of MMP-3 can be done by 
using a substrate, while the amount of 
activated MMP-3 can be assessed by 
the neo-epitope, which is exposed when 
the pro-peptide is cleaved off. This neo-
epitope is only accessible in circulation, 
when the catalytic domain is disrupted, 
such when further degradation of the 
active form of MMP-3 occurs. This 
fragment of activated MMP-3 (act-
MMP3) is released into circulation and 
may be quantified. An ELISA has been 
developed quantifying the exposed neo-
epitope of MMP-3 upon removal of the 
pro-peptide in serum. This ELISA is 
specific to the activated form of MMP-3 
in circulation (10). 
The hypothesis of the current study was 
that assessment of the activated MMP-
3 is associated with tissue degradation 
and thus associated with treatment re-
sponse in RA. The aim of the study was 
to investigate whether biomarkers of 
MMP3 (actMMP-3 and cMMP3) were 
affected by tocilizumab (TCZ) treat-
ment and if they were associated with 
disease activity and treatment response.

Materials and methods
The LITHE study
The LITHE biomarker study was a part 
of the LITHE study (Trial registration: 
NCT00106535), which was a 2-year, 
phase III, double-blind, placebo-con-
trolled, parallel group study of TCZ 
(4 mg/kg or 8 mg/kg every 4 weeks) + 
methotrexate (MTX; 10 to 25 mg/week) 
in patients with moderate to severe ac-
tive RA with an inadequate response 
to MTX. Patients were diagnosed with 
RA according to the American College 
of Rheumatology criteria (11) and had 
a disease duration of at least 6 months 
prior to enrolment into the study. More-
over, the patients had to have radio-
graphically confirmed joint erosion. 
The LITHE biomarker study included 
741 patients followed for the first 52 
weeks from the first dose, but only 734 
patients were available for acMMP3 or 
cMMP3 assessment. The 741 biomarker 
sub-study patients were equally distribut-
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ed among the treatment groups: placebo 
(n=256), 4 mg/kg TCZ (TCZ4; n=241) 
and 8 mg/kg TCZ (TCZ8; n=244). Sta-
ble non-steroidal anti-inflammatory 
drug and corticosteroid (≤10  mg/day 
prednisolone or equivalent) doses were 
continued throughout the study. Every 4 
weeks, patients received an infusion of 
TCZ 4 mg/kg, 8 mg/kg or placebo for a 
total of up to 13 infusions in 52 weeks. 
Sera for biomarker assessment were 
collected following overnight fasting at 
baseline and at weeks 4, 16, 24 and 52. 
All samples were stored below -70°C 
until they were assayed.
Patients who failed to respond to treat-
ment during the study, that is experi-
enced ≤20% improvement from base-
line in both swollen joint counts (SJCs) 
and tender joint counts (TJCs) at week 
16, could receive blinded rescue thera-
py from week 16 and subsequently 12 
weeks later (at week 28) if there was 
still ≤20% improvement. First-step res-
cue patients receiving placebo + MTX 
were switched at week 16 to TCZ4 + 
MTX. Patients receiving TCZ4 + MTX 
were switched to TCZ8 + MTX, and 
treatment of patients with TCZ8 + 
MTX was discontinued. Second-step 
rescue at week 28 consisted of TCZ8 
+ MTX, which was offered through 
week 52 if inadequate response persist-
ed after three doses of first-step rescue 
therapy. Treatment was discontinued 
in patients who did not respond after 
three doses of second-step rescue. The 
patients who received rescue therapy 
were designated escapers. Half of the 
patients receiving placebo + MTX at 
baseline were receiving first-step res-
cue therapy at week 52. Only 6 patients 
were on second-step rescue therapy at 
week 52. Around 25% of patients in the 
TCZ4 group received rescue treatment. 
Only 15% of the patients in the TCZ 
group failed and were excluded from 
the remainder of the study. 
Visual analogue scale (VAS) score for 
pain and Disease Activity Score in 28 
joints erythrocyte sedimentation rate 
(DAS28-ESR) were assessed at baseline 
and weeks 24 and 52. The patients’ self-
reported general health was assessed by 
having them complete the Health As-
sessment Questionnaire (HAQ) at base-
line and at weeks 24 and 52.

The LITHE study was approved by eth-
ics committees at each participating in-
stitution (5). All patients in the LITHE 
study provided their written informed 
consent to participate. The study was 
conducted according to the principles 
of Good Clinical Practice and accord-
ing to the Declaration of Helsinki.

Biomarkers
ActMMP-3 was assessed by an in-
house ELISA previously described 
(10). In short, the assay is performed as 
follows: A 96-well streptavidin coated 
plate was coated with biotinylated 
screening peptide and incubated for 30 
min at 20°C. Thirty μL of calibrator, 
control and sample were added to ap-
propriate wells followed by horseradish 
peroxidase (HRP) conjugated antibody 
and was incubated at 4°C for 20 hours. 
Finally, 100 μL tetramethylbenzini-
dine (TMB) was added and incubated 
at 20°C for 15 min in darkness. The 
enzyme reaction was terminated with 
100μL 0.1% H2SO4 and the absorbance 
was read with a SpectraMax. All incu-
bation steps were at shaking 300 rpm 
and in between the incubation steps the 
plate was washed in TBST. 
The cMMP-3 was measured by a 2-site 
ELISA using two polyclonal antibodies 
raised against human MMP-3 (Quan-
tikine, Human Total MMP-3 immuno-
assay, R&D Systems, Inc, Minneapolis 
MN). 

Statistics
Summary statistics were used to gener-
ate general demographics. Univariate 
analysis by Spearman’s ranked corre-
lation was conducted on the baseline 
level of the biomarkers (actMMP-3 and 
cMMP-3) and baseline clinical param-
eters. In addition, associations between 
the change from baseline to week 16 
in biomarkers and 1-year change in 
clinical parameters were investigated 
by Spearman’s ranked correlation. 
Kruskal-Wallis with Dunn’s multiple 
comparisons test was used to test the 
changes from baseline of the biomark-
ers as a function of time or treatment, 
as biomarkers were not normally dis-
tributed. The change from baseline of 
actMMP-3 for escape and non-escape 
patients in the 4 mg/kg group was as-

sessed by Kruskal-Wallis with Dunn’s 
multiple comparisons test. Statistical 
analysis and graphical illustration of 
results were performed in MedCalc 
Statistical Software v. 14.12.0 (Med-
Calc Software bvba, Ostend, Belgium; 
http://www.medcalc.org; 2014). There 
were no forward imputation for miss-
ing data.

Results
Patient demographics at baseline
A total of 734 patients were included in 
the MMP-3 study. Eight patients were 
excluded, due to missing serum sam-
ples for assessment of actMMP. The 
baseline characteristics are listed in Ta-
ble I. There were no differences in the 
demographics at baseline between the 
treatment groups, except for patients 
in the 8 mg/kg group being statistical 
significantly older than both the pla-
cebo (PBO) and 4 mg/kg (p=0.034 and 
p=0.031, respectively). 

Univariate analysis at baseline
There were no correlation between 
actMMP-3 and age or BMI, whereas 
cMMP-3 was weakly and negatively 
correlated with BMI (rho -0.09; Table 
II). Neither actMMP-3 nor cMMP-3 
were correlated with disease duration. 
cMMP-3, but not actMMP-3, was weak-
ly correlated with HAQ and VAS-pain 
(rho: 0.16 and 0.15, respectively). Both 
actMMP-3 and cMMP-3 were weakly 
correlated to DAS (rho: 0.09 and 0.20) 
and to CRP (rho: 0.26 and 0.48). Lastly, 
there was a weak correlation between 
actMMP-3 and cMMP-3 (rho: 0.16).
Univariate analysis between baseline 
levels of biomarkers and change in dis-
ease parameters were investigated in 
the placebo group to investigate if the 
baseline level of the biomarkers were 
associated disease progression (Table 
III). Baseline level of actMMP-3 was 
weakly correlated to 24-weeks change 
in VAS-pain (rho: 0.19). There were 
no correlations between baseline act-
MMP-3 levels and the 52-week change 
in disease parameters. 

Univariate analysis of change to 
week 16 in biomarkers and 24 and 
52 weeks change in disease parameters
The 16-week changes in biomarkers 
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were investigated for association with 
change in disease parameters at 24 and 
52 weeks (Table IV). There was no cor-
relation between actMMP-3 and any of 
the disease parameter at either time point 
in the placebo group. cMMP-3 was asso-
ciated with DAS at both 24 and 52 weeks 
change (rho: 0.20 and 0.33, respectively) 
and HAQ at 24 weeks (rho: 0.25).
In the 4 mg/kg group, the 16-week 
change in actMMP-3 was associated 
with the 52-week change in HAQ and 
VAS-pain (rho 0.29 and 0.23, respec-
tively). The 16-week change in cMMP-
3 was associated with disease activity, 
HAQ and VAS-pain at both 24 weeks 

(rho 0.24, 0.24 and 0.22) and 52 weeks 
(rho 0.25, 0.21 and 0.22). In the 8 mg/
kg group there was no association with 
the change in actMMP-3 cMMP-3 to 
week 16 and clinical parameters.

Biomarker level with time 
and treatment
Patients receiving 8 mg/kg TCZ had a 
rapid and significant decrease (within 
the first 4 weeks) in actMMP-3 level 
(p=0.006) compared to baseline (Fig. 
1a). This lower level of actMMP-3 was 
kept throughout the rest of the study, 
with the exception of week 24, where 
the level was not different from base-

line. Patients receiving 4 mg/kg did 
not differ from baseline in actMMP-3 
throughout the study. In the placebo 
group, the level of actMMP-3 compared 
to baseline was increased albeit non-
significantly throughout the study. The 
8 mg/kg group had significantly low-
ered actMMP3 compared to placebo at 
week 4 (p<0.0001), 16 (p=0.0009), 24 
(p<0.0001) and 52 (p<0.0001). In addi-
tion, the 8 mg/kg group had significantly 
lower actMMP3 levels than the 4 mg/kg 
at week 4 (p<0.0001) and 16 (p=0.03). 
cMMP-3 was significantly decreased 
throughout the study in both TCZ 
groups (p<0.0001) compared with both 
baseline level and placebo (p=<0.001; 
Fig. 1b). There was no significant dif-
ference between the 4 mg/kg and  8mg/
kg groups in cMMP3. 
The level of actMMP-3 did not differ 
between escapers and non-escapers 
in the placebo group at baseline or 
throughout the study (Fig. 2a). Howev-
er, in the 4 mg/kg group escape patients 
had significantly lower actMMP3 level 
at week 52 compared to non-escapers, 
but the baseline level of actMMP-3 was 
the same in escapers and non-escapers 
(Fig. 2b). As the escapers in the 8 mg/
kg group discontinued the study, only 

Table I. Baseline demographics in the population and in the randomised groups.

 		  All			   PBO			   4 mg/kg			   8 mg/mL

 	 n	 Mean	 SD	 n	 Mean	 SD	 n	 Mean	 SD	 n	 Mean	 SD

Age (years)	 734	 52.5	 12.3	 255	 51.7	 12.4	 241	 51.9	 13.0	 238	 54.0	 11.3
Sex (% female)	 738	 83	 253	 83	 241	 86	 244	 80
BMI (kg/m2)	 725	 27.9	 6.5	 253	 28.2	 7.4	 237	 27.6	 6.2	 235	 27.7	 5.7
Disease duration (years)	 734	 9.6	 8.2	 255	 9.2	 8.1	 241	 10.1	 8.0	 238	 9.6	 8.6
DAS-ESR	 719	 6.5	 0.93	 248	 6.5	 0.93	 238	 6.5	 0.93	 233	 6.5	 0.92
VAS-pain	 725	 54.5	 22.0	 251	 54.8	 21.3	 240	 52.7	 22.3	 234	 56.0	 22.4
HAQ	 668	 1.5	 0.62	 232	 1.5	 0.61	 220	 1.5	 0.65	 216	 1.5	 0.61

BMI: bone mass index; DAS: Disease Activity score; HAQ: Health Assessment Questionnaire, ERN: erosion; JSN: joint space narrowing; PBO: placebo.

Table II. Correlation between the baseline demographics and the biomarkers. Spearmann’s 
rho, the corresponding p-value and the number of subjects in the analysis are presented.

	 actMMP-3	 cMMP-3

	 rho	 p-value	 n	 rho	 p-value	 n

Age	 -0.07	 -	 644	 -0.04	 -	 672
BMI	 -0.00	 -	 637	 -0.09	 0.02	 665
Disease duration	 -0.01	 -	 644	 0.04	 -	 672
HAQ	 0.06	 -	 583	 0.16	 0.0001	 608
DAS	 0.09	 0.03	 630	 0.20	 <0.0001	 658
VAS-pain	 0.02	 -	 636	 0.15	 0.0001	 664
CRP	 0.26	 <0.0001	 643	 0.48	 <0.0001	 672
cMMP-3	 0.16	 0.0001	 625	 -		

Table III. Association between baseline biomarker levels and 1-year change in disease parameters in the placebo group. Spearmann’s rho, the p-value and 
the number of subjects in the analysis are presented.

	 Baseline actMMP-3	 Baseline cMMP-3

	 24 weeks	 52 weeks	 24 weeks	 52 weeks

	 rho	 p- value	 n	 rho	 p- value	 n	 rho	 p- value	 n	 rho	 p- value	 n 

∆DAS	 0.11	 -	 125	 -0.06	 -	 87	 -0.14	 -	 127	 -0.13	 -	 89
∆HAQ	 0.05	 -	 113	 0.02	 -	 84	 -0.19	 -	 114	 -0.10	 -	 86
∆VAS-pain	 0.19	 0.03	 129	 0.12	 -	 95	 0.04	 -	 131	 -0.07	 -	 97
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the baseline level was assessed in this 
group and no significant difference was 
observed (data not shown). 
There was no significant difference in 
the level of cMMP3 between escapers 
and non-escapers in both the placebo 
group and the 4 mg/kg group through-
out the study (Fig. 2c-d) or at baseline 
(data not shown). However, in the pla-
cebo group from week 24 cMMP3 lev-
els tend to decrease in escapers, but this 
was not observed in the 4 mg/kg group.

Discussion
The assessment of MMP-3 has been 
highly used in clinical trials within rheu-
matology. We investigated serological 
biomarkers of MMP-3 (the active form 
(actMMP-3) and the circulating form 
(cMMP3)) in a phase III clinical trial. 
We found that actMMP-3 was dose-
dependently decreased with treatment 
and that cMMP-3 was associated with 
pain and disease activity. In addition, we 
found that an early change in cMMP3 
was predictive of 1-year change in dis-
ease activity. Thus, the MMP-3 bio-

markers had different capacities and 
this study illustrates that assessment of a 
protein by different biomarkers provide 
different information, also exemplified 
by the weak correlation between the two 
biomarkers of MMP-3. 
MMP-3 is considered an important 
player in joint damage and is a major 
player in tissue destruction, not only 
degrading ECM, but also functioning as 
an activator of other proteases (12, 13). 
IL-6 is a pleiotropic pro-inflammatory, 
multi-functional cytokine produced by 
a variety of cell types including lym-
phocytes and fibroblast. Hashizume et 
al. (14) showed that IL-6 induces phos-
phorylation of STAT3 and ERK1/2  in 
RA fibroblast, the pathway involved 
in secretion of MMP-3. In alignment, 
IL-6 was found to induce the expres-
sion of MMP-3 in chondrocytes (15) 
and fibroblasts (16). The IL-6 receptor 
has not been found on fibroblasts, but 
fibroblasts are thought to respond to 
IL-6 through trans signalling. sIL-6Rs 
exist in serum and bind to IL-6 form-
ing a complex. This complex bind to 

the gp130 receptor, which is expressed 
on fibroblasts (17). Thus, by inhibit-
ing IL-6 binding to the receptor, TCZ 
could lower the MMP-3 level. Further-
more, the final step in MMP-3 activa-
tion is dependent on active MMP-3 
itself, thus lowering the MMP-3 level 
triggers a feedback loop resulting in 
lowering of activated MMP-3. 
Lowering levels of activated MMP-3 
presumably reflects the general inhibi-
tion of tissue destruction. As an example 
this was seen in the collagen-induced 
arthritis model in mice, where MMP-3 
was reduced by MTX and infliximab, 
which resulted in decreased bone and 
cartilage destruction (18). Theoretical-
ly, MMP-3 is a good indicator of the de-
structive status of the disease-affected 
tissue, as a decrease in the MMP-3 level 
should lower the amount of ECM deg-
radation. It has been shown that ECM 
degradation fragments (matrikines) are 
local irritants, which induces inflam-
mation and further tissue destruction 
(19, 20). A matrikine of aggrecan was 
shown to induce MMP-3 expression 

Table IV. Association between 16 weeks change (ng/mL) in biomarker level and 1-year change in disease parameters. Spearmann’s rho, 
the p-value and the number of subjects in the analysis are presented.

Placebo

	 ∆actMMP-3 week 16	 ∆cMMP-3 week 16

	 24 weeks	 52 weeks	 24 weeks	 52 weeks

	 rho	 p- value	 n	 rho	 p- value	 n	 rho	 p- value	 n	 rho	 p- value	 n

∆DAS	 -0.08	 -	 109	 0.05	 -	 77	 0.20	 0.02	 123	 0.33	 0.002	 97
∆HAQ	 -0.14	 -	 97	 -0.08	 -	 74	 0.25	 0.008	 110	 0.18	 -	 84
∆VAS-pain	 -0.09	 -	 112	 -0.06	 -	 85	 0.10	 -	 127	 0.16	 -	 95

4 mg/kg

	 ∆actMMP-3 week 16	 ∆cMMP-3 week 16

	 24 weeks	 52 weeks	 24 weeks	 52 weeks

	 rho	 p- value	 n	 rho	 p- value	 n	 rho	 p- value	 n	 rho	 p- value	 n

∆DAS	 0.02	 -	 128	 0.08	 -	 91	 0.24	 0.002	 162	 0.25	 0.007	 120
∆HAQ	 0.13	 -	 120	 0.28	 0.008	 91	 0.24	 0.004	 151	 0.21	 0.02	 118
∆VAS-pain	 0.00	 -	 132	 0.23	 0.02	 101	 0.22	 0.004	 166	 0.22	 0.01	 131

8 mg/kg

	 ∆actMMP-3 week 16	 ∆cMMP-3 week 16

	 24 weeks	 52 weeks	 24 weeks	 52 weeks

	 rho	 p- value	 n	 rho	 p- value	 n	 rho	 p- value	 n	 rho	 p- value	 n

∆DAS	 -0.05	 -	 130	 0.06	 -	 106	 -0.05	 -	 125	 0.06	 -	 106
∆HAQ	 -0.02	 -	 119	 -0.09	 -	 101	 -0.01	 -	 114	 -0.09	 -	 101
∆VAS-pain	 0.05	 -	 131	 0.01	 -	 114	 0.05	 -	 126	 0.01	 -	 114
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Fig. 2. Percent of baseline of actMMP-3 and cMMP3 levels in the PBO and 4 mg/kg groups’ escapers and non-escapers during the study. Escape patients 
are defined as placebo patients who at week 16 did not achieve ACR20 received rescue treatment (first 4 mg/kg) and if they still did not achieve ACR20 at 
week 24, they received 8 mg/kg during the rest of the study. Placebo patients that first at week 24 did not achieve ACR20 received 4mg/kg during the rest 
of the study. Patients of the 4 mg/kg group that did not achieve ACR20 at either week 16 or 24 received rescue treatment (TCZ 8 mg/kg) throughout the rest 
of the study. A: actMMP3 in percent of baseline in the placebo patients grouped as escape and non-escape patients. B: actMMP3 in percent of baseline in 
the 4 mg/kg patients grouped as escape and non-escape patients. C: cMMP3 in percent of baseline in the placebo patients grouped as escape and non-escape 
patients. D: cMMP3 in percent of baseline in the 4 mg/kg patients grouped as escape and non-escape patients. Data are shown as mean + 95% CI. Statistics 
was done by Individual samples t-test. 

Fig. 1. Percentage change from baseline in A: actMMP-3 and B: cMMP-3 during the study. Data is shown as mean with 95% CI. Statistics was done by 
Kruskal-Wallis with Dunn’s multiple comparisons test for investigating biomarker level compared to baseline. Independent t-test was used to investigate the 
difference in the biomarker levels between 2 groups at each time point. #: compared to baseline. *: Compared to placebo. $: compared to 8 mg/kg.
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and pro-inflammatory cytokines in pri-
mary chondrocytes (19) and a 29kDa 
fibronectin fragment was shown to in-
crease MMP-3 level in chondrocytes in 
a dose-dependent manner (20). These 
studies indicate a negative feedback 
loop of elevated levels of MMP-3, as 
MMP-3 directly or indirectly aid in the 
production of the matrikines investigat-
ed. Thus, lowering MMP-3 due to treat-
ment should limit tissue destruction 
and inflammation, which for a patient 
would be translated to a lower disease 
activity, a halt in disease progression 
and inflammation, which would give 
a better health assessment and quality 
of life. This is reflected in the current 
study, where a lowering of MMP-3 was 
associated with a lowering of DAS, 
and HAQ and furthermore VAS pain. 
Several studies have investigated the 
potential of MMP-3 as a biomarker of 
disease activity and as a prognostic bio-
marker (1, 21-30). cMMP-3 has been 
assessed before, but the conclusion of 
the usage of MMP-3 as a biomarker of 
disease activity and prognostic capacity 
is debatable. Several studies have found 
that cMMP-3 is a biomarker of disease 
activity and radiographic progression, 
where other studies have shown limited 
or no usage of cMMP-3 as a biomarker 
of disease activity, radiographic pro-
gression and a biomarker with prognos-
tic capacities (1, 21, 24-27, 29). The data 
of the current study support cMMP-3’s 
association with disease activity and 
prognostic capacity of disease activity 
(1, 21, 26, 29). The baseline level of 
cMMP-3 was associated with disease 
activity and the change in cMMP-3 af-
ter 16 weeks was significantly associ-
ated with the change in disease activity 
after 24 and 52 weeks. Contrary, the 
baseline level of actMMP-3 was not 
associated with disease activity neither 
after 24 nor 52 weeks. When assessing 
the change in the MMP-3 biomarkers in 
response to treatment, actMMP-3 was 
dose-dependently decreased from week 
4, whereas cMMP-3 was decreased by 
treatment, albeit not dose-dependently. 
An earlier study of the treatment effi-
cacy of cMMP-3 with TCZ treatment 
found that cMMP-3 was significantly 
and dose-dependently decreased at 
week 16 (25). The difference between 

these results is unknown. The cur-
rent study suggests that assessment of 
MMP-3 by different biomarkers, in the 
current case two distinct epitopes of 
MMP-3, yields different information.

Limitations
Firstly, the non-responders (15%) to 
TCZ in the 8 mg/kg group was dis-
continued and there was no activity 
measures of these at week 52. Thus, the 
group with the worst outcome was not 
included in this study, which weakened 
the study. Furthermore, the study popu-
lation investigated had a long disease 
duration and already profound joint 
damage. The profound joint damage 
could limit the progression of disease, 
which does not make this the ideal 
study for investigation of prognostic 
biomarkers of disease progression. An-
other limitation is the effect of the con-
comitant intake of corticosteroid and 
non-steroidal anti-inflammatory drugs. 
This could influence the MMP-3 level 
and it is known that especially predni-
solone intake has an influence on joint 
degradation (31, 32). However, patients 
were on stable doses of co-medications 
at study inclusion, thus the effect of the 
concomitant drugs might be obliterated 
in the baseline level of MMP-3.

Conclusion
In conclusion, we found that actMMP3 
was an efficacy biomarker of TCZ 
treatment in RA and cMMP was an 
early predictive biomarker of disease 
activity after 24 and 52 weeks. This is 
in line with the result that there was 
only a week association between the 
two biomarkers of MMP-3. Thus, the 
two MMP-3 biomarkers had different 
capacities and this study illustrates that 
assessment of a protein by different bio-
markers provides different information.

Key message
•	 actMMP3 change after 16 weeks 

was predictive of 1-year radiograph-
ic progression. 

•	 cMMP3 change after 16 weeks was 
predictive of HAQ and DAS im-
provement after 1-year.

•	 Assessment of the different forms of 
MMP3 provides different clinical in-
formation. 
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