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Abstract

Objective: To investigate the association of high baseline se-
rum levels of metalloproteinases-3 (MMP-3) with structural
damage to hand and feet joints, assessed by ultrasonogra-
phy (US), in patients with early, treatment-naive rheumatoid
arthritis (RA), without initial X-ray-visible erosions, during 24
months follow-up. Methods: Sixty-three early RA (European
League Against Rheumatism/American College of Rheuma-
tology 2010), disease-modifying anti-rheumatic drugs/glu-
cocorticoid naive patients (mean age 53.4 + 14.1) with symp-
tom duration <12 months, had baseline serum levels of
MMP-3 tested. OMERACT US group definition was used to

detect the presence, as well as longitudinal diameter of ero-
sions by US at study entry and after 24 months, at the level
of wrists, metacarpophalangeal (MCP2/MCP5) joints of both
hands, and fifth metatarsophalangeal joints. Results: Com-
plete data were collected from 52 out of 63 patients. High
baseline serum levels of MMP-3 (MMP-3-positive) were
found in 46/63 patients. 122 bone erosions in total (1.9 bone
erosions/patients) were detected by US at baseline visit and
213 erosions (4.3/patients) after 24 months. MMP-3 positive
patients had significantly higher total number of erosions
than MMP-3-negative (p = 0.039) and higher increase in size
of bone erosions in the feet but not in the hand joints after
follow-up (OR 4.82 [1.23-18.9], p = 0.024; OR 1.17 [0.320-
4.26], p = 0.816 respectively). Conclusion: After 2 years of
follow-up, US assessment showed a higher number of new
bone erosions in MMP-3-positive compared to MMP-3-neg-
ative patients with early RA and no visible initial radiograph-
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ic changes. High baseline levels of MMP-3 predict signifi-
cantly higher structural damage progression at the level of
feet, but not at the level of hand joints.

© 2018 The Author(s)
Published by S. Karger AG, Basel

Introduction

Rheumatoid arthritis (RA) is a chronic disease with a
high risk of functional disability [1]. Structural damage in
RA is still difficult to predict and usually develops within
the first 2 years of disease [2]. Known prognostic biomark-
ers of the radiographic progression in RA (erythrocyte
sedimentation rate [ESR] and C-reactive protein [CRP])
are not always accurate as in some cases structural damage
can progress when these biomarkers are within normal
levels [3-5]. This suggests the need for additional, more
sensitive predictive biomarkers of structural damage.

Data have shown that a model consisting of matrix
metalloproteinases-3 (MMP-3), (MMP-3 stromelysin)
performed better than ESR and CRP in predicting 8.2-
year radiographic progression [6]. MMP-3 is a proteo-
lytic enzyme, which is locally produced in the inflamed
joint, and released into the blood stream. Several studies
have indicated that serum levels of MMP-3 correlate with
MMP-3 produced by the synovium, thus reflecting the
level of activity of RA [7, 8]. Therefore, the serum level of
MMP-3 is considered a biomarker that reflects local in-
flammation of joints. Normally, there is a tight equilib-
rium between MMPs and their specific tissue inhibitors
(TIMP) [9]. However, in pathological conditions, such as
RA, an MMP/TIMP imbalance causes excessive activa-
tion of MMPs leading to massive cartilage degradation as
well as consequent bone erosion formation.

Typical radiographic features of RA, such as bone ero-
sions, may not be present in the early stages of the disease
[10]. Ultrasonography (US) is an imaging modality that
is highly accurate for detection and semiquantitative as-
sessment of bone erosion in RA [11]. Even the smallest
erosions, only detected in one plane by US, could be gen-
erally confirmed by CT [12]. Furthermore, US is more
sensitive than X-ray in detecting erosions in RA especial-
ly in the first 2 years of disease with sensitivity and speci-
ficity comparable to magnetic resonance imaging [13,
14]. The aim of this study was to investigate the associa-
tion of high baseline serum levels of MMP-3 with struc-
tural damage to hand and feet joints, assessed by US, in
patients with early, treatment-naive RA, without X-ray-
visible erosions, during a 24 month follow-up.

Serum MMP-3 Levels in RA Patients
without Initial Radiographic Changes

Patients and Methods

Sixty-three patients, including 9 males and 54 females, with
ages from 21 to 81 years (mean 53.4 £ 14.1 years) with symptom
duration of <12 months (average duration 3.8 + 2.7 months) and
diagnosis of early RA according to the 2010 American College
of Rheumatology/European League Against Rheumatism clas-
sification criteria for RA [15], were included in this prospective
clinical study during 2012-2014. All patients provided written
informed consent before clinical, laboratory, and US assessment
at the baseline visit. The study was approved by the Medical
Ethics Committee of the Institute of Rheumatology. In order to
check the sensitivity and specificity of ultrasound diagnosis
of bone erosions in RA, 30 healthy controls (26 females and
4 males, mean age 51 + 11.4) were recruited among the staff of
the hospital. The patients had to meet the following inclusion
criteria before entering the study: (1) the absence of bone ero-
sions (structural damage) of hands and feet on plain radiogra-
phy, and (2) the patients had to be treatment-naive for disease-
modifying anti-rheumatic drugs (DMARDs) and glucocorti-
coids. Patients with other systemic autoimmune disorders,
other joint inflammatory diseases or severe degenerative disor-
ders were excluded.

Composite disease activity assessment (DAS-28 score) was cal-
culated at study entry and after 24 months of follow-up. The pa-
tients filled in the Health Assessment Questionnaire (HAQ) and
the HAQ disability index was calculated for each patient.

The levels of MMP-3, ESR, CRP, RF (normal level <16 U/mL)
and anti-citrullinated protein antibodies (ACPA; normal level
<20 IU/mL) were measured at the Institute of Rheumatology in
Belgrade. Serum levels of soluble MMP-3 were measured with a
human MMP-3 detection kit (AESKU Diagnostics, Wendelsheim,
Germany) according to the manufacturer’s instructions. This kit
detects total MMP-3 (pro- and active MMP-3) in human serum.
Serum samples were collected from RA patients after overnight
fasting and stored at —80°C until analysis. Measurements were
done in duplicate. The assays were performed blindly, without
knowledge of the patient’s clinical status. Serum MMP-3 mea-
surement was performed at the same time for all samples using
the recommended normal cutoff range for females of 18-60 ng/
mL and for males of 24-120 ng/mL. A MMP-3 level above normal
(for females >60 ng/mL and for males >120 ng/mL) was rated as
positive.

US assessment of hands and feet at the baseline visit and after
24 months was performed by the same experienced ultrasonogra-
pher (SP), who was blinded to both the clinical and laboratory
findings. The assessment was performed on the same day when
the diagnosis of early RA was established and repeated after
2 years of treatment, using an 18 MHz linear probe of Esaote My
Lab 70 high resolution machine. Bone erosions were detected ac-
cording to the US outcome measures in RA clinical trials defini-
tion [16], and assessed at the wrist (lunate bone and styloid pro-
cess at the dorsal, radial and ulnar aspect) and metacarpophalan-
geal joints (MCP2 and MCP5 at dorsal and radial side) of both
hands. In addition, the ulnar sides of the MCP5 joints were exam-
ined. In the feet, erosions were detected at the level of the fifth
(MTP5) joint on the dorsal and lateral side. US findings of bone
erosions were rated as present or absent at each selected joint sites
(semi-qualitative method). In order to assess the progression of
preexisting erosions detected at baseline visit, the change in ex-
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Table 1. Laboratory, clinical, US, and radiographic findings in group of early RA patients at baseline and after 24

months of follow-up

Parameters At baseline After 24 months

ESR 47.2+33.7 (5-140) 20.5+19.4 (2-100)

CRP 29.6+34.7 (0-152) 11.1+16.9 (20-81)

RF (K) 88.8+108.2 (0-640) 71.3463.7 (0-204.0)

RF (+), n (%) 42 (66.7) Not done

ACPA (K) 467.0+454.4 (0-1,334.3) 392.6+430.0 (0.1-1,444.6)
ACPA (+), n (%) 46 (73) Not done

MMP-3 (K) 185.1+241.0 (0-1,322.5) Not done

DAS-28 5.7+1.3 (3.2-8.7) 3.4+1.3 (1.6-7.7)

HAQ 1.241.3 (0-9.2) 0.5+0.7 (0-2.8)

Number of US erosions/patients
Size of US eros/patients
TSS

1.9+1.3 (0-6) 4.3+1.9 (1-10)
1.5+0.7 (1-3) 1.840.8 (1-4)
1.6+2.2 (0-6) 4.749.9 (0-50)

Values are the mean + SD (range).

US, ultrasonography; RA, rheumatoid arthritis; ESR, erythrocyte sedimentation rate (mm/h); CRP, C-reactive
protein (g/L); RF (K), rheumatoid factor concentration; RF (+), rheumatoid factor positivity-number of patients;
ACPA (K), anti-citrulinated peptide antibody concentration; ACPA (+), anti-citrulinated peptide antibody pos-
itivity-number of patients; MMP-3 (K), matrix metalloproteinases-3 concentration (ng/mL); DAS-28, Disease
Activity Index; HAQ, Health Assessment Questionnaire; number of US erosion/patients, number of bone erosion
per patients depicted by US in whole group of RA patients; size of US eros, mean size of US bone erosions in
whole group of RA patients; TSS, modified total sharp score.

tract of bone erosion was recorded. The bone erosions were rated
from 0 to 4 depending on the longitudinal diameter (mm) of ero-
sions (0 =noboneerosion; 1 =<1 mm;2=1<2mm;3=2<3mm;
4 >3 mm). The increase in the number or size of bone erosions
after 24 months follow-up were considered progression of struc-
tural damage in patients with early RA.

Radiographic assessment was carried out by the radiologist
blinded for clinical and US findings, the same day when the clini-
cal, US and laboratory assessment of patients were performed. A
postero-anterior X-ray of the patients’ hands and antero-posterior
X-ray of the patients’ feet were obtained at baseline and after
2 years of follow-up. Structural damage was assessed according to
the modified Van Der Heijde Sharp score [17]. The erosion scores
and the joint space narrowing scores were assessed, and the mod-
ified Total Sharp Score (TSS) was calculated.

Data evaluation and statistical analysis were performed using
SPSS version 16.0 software (SPSS Inc., Chicago, IL, USA). Nor-
mally distributed continuous data were summarized by mean
and SD. Categorical data were analyzed using chi-square tests.
Comparisons within-groups were made using the Mann-Whit-
ney U test, McNemar, chi-square, and Willcoxon’s test. Any val-
ue of p < 0.05 was considered statistically significant. To check
potential confounding factors, Mantel-Haenszel test was per-
formed for attributive parameters (age of patients, sex, and ciga-
rette smoking) and partial coefficient of correlation was used for
testing the numeric parameters (RF concentration, ACPA con-
centration, and duration of RA). Binary logistic regression mod-
els were applied in order to determine predictors of affected area
and number of affected joints, as dependent variables, with so-
ciodemographic characteristics and MMP-3 level as independent
variables.
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Results

Complete baseline and follow-up data were collected
from 52 out of 63 (82.5%) patients included in the study
(11 patients were lost in follow-up, among them 7 were
MMP-3-positive and 4 were MMP-3-negative). The clini-
cal, laboratory, and radiographic findings in this group of
early RA patients at baseline and after 24 months of fol-
low-up are presented in Table 1. Forty six out of 63 pa-
tients (73%) had MMP-3 values higher than normal (pos-
itive) and 17 (27%) were within the normal range (nega-
tive). At the study entry, there was no statistically
significant difference between group of MMP-3 positive
and MMP-3-negative patients regarding age, sex, disease
duration, and smoking (p = 0.328, p =0.202, p = 0.801, and
p = 0.123 respectively; p > 0.05). The group of MMP-3
positive patients had significantly higher HAQ index than
MMP-3 negative (p = 0.002; p < 0.05). The demographic
characteristics of MMP-3 positive and MMP-3 negative
patients are presented in Table 2. After the US examina-
tion was completed at the baseline visit, patients were
treated consecutively with methotrexate 15 mg/weekly
(46 patients), sulfasalazine (5 patients), anti-malarial
drugs (2 patients), prednisone 10 mg/day (1 patient). A
combination of DMARDs and glucocorticoid therapy was
used in 9 of patients. During the follow-up period, 10 (8
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Table 2. Demographic characteristics of MMP-3-positive and MMP-

3-negative patients

MMP-3-positive patients MMP-3-negative patients p value
(n=46) (n=17)
Age, years 54.8+13.5 (23-8) 50.3+15.5 (21-69) 0.328
Females, n (%) 41 (89.1) 13 (76.24) 0.202
Males, n (%) 5(10.8) 4(23.5)
Symptoms duration, months 3.2+1.7 5.4+4.0 0.801
HAQ 1.5+1.4 0.6+0.7 0.002*
Smoking, n (%)
AS 15 (32.6) 4(23.5) 0.123
NS 17 (36.9) 11 (64.7)
ES 14 (30.4) 2(11.8)

MMP-3, metalloproteinases-3; HAQ, Health Assessment Questionnaire; smoking AS, active smokers; NS, nonsmokers; ES, ex smok-
ers, Mann-Whitney/*, Wilcoxon test and chi-square test were used. * p < 0.05 (Mann-Whitney test).

Table 3. Treatment of MMP-3 positive and MMP-3 negative patients after baseline visit and at 24 months of follow-up period (number

of patients)
Baseline (n = 63) MTX SSL  Antimalarial Gl DMARD:s + Gl DMARDs + B NT n
MMP-3-positive patients 33 3 1 1 8 0 0 46
MMP-3-negative patients 13 2 1 1 0 0 17
After 24 months (n = 52)
MMP-3-positive patients 24 1 0 0 5 8 1 39
MMP-3-negative patients 9 1 0 0 0 2 1 13

MMP-3, metalloproteinases-3; MTX, therapy of methotrexate; SSL, therapy of sulfsalazine, antimal, therapy of antimalarial drugs;
Gl, glucocorticoid therapy; DMARDs + Gl, combination of DMARDs and glucocorticoid therapy; DMARDs + B, combination of

DMARD:s and biologic therapy; NT, not treated.

MMP-3-positive, 2 MMP-3-negative) patients were addi-
tionally treated with biologic DMARDs due to RA activity.
At the end of the study, 33 out of 52 patients (24 of MMP-
3- positive, 9 of MMP-3-negative) remained on metho-
trexate and two on sulfasalazine (1 of MMP-3- positive, 1
of MMP-3-negative). Five patients continued to take a
combination of one of the DMARDs and glucocorticoid
therapy (all were MMP-3-positive). After 6 months of
treatment, 2 patients (1 MMP-3-positive, 1 MMP-3-neg-
ative) decided to stop treatment with MTX (Table 3).

A total of 504 joints were assessed at each visit. Bone
erosions were present in 55 (87.3%) patients, most often
in MTPS5 joints, both at study entry and after 24 months
of follow-up (39.6% of patients and 61.5% respectively).
One hundred twenty two bone erosions in total (1.9 bone
erosions per patient) were detected at baseline visit and
213 bone erosions (4.3 per patient) after 24 months. At
study entry, the mean size of bone erosion in whole group
of our early RA patients was 1.5 (range 1-3) and 1.8 (range

Serum MMP-3 Levels in RA Patients
without Initial Radiographic Changes

1-4) after 24 months (Table 1). MMP-3-positive patients
had a higher (but not statistically significant) total num-
ber of bone erosions at the baseline visit in comparison
with the MMP-3 negative patients (p = 0.07). However,
after 24 months of follow-up a significantly higher total
number of erosions was detected in the MMP-3-positive
compared to the MMP-3-negative patients (p = 0.039; p <
0.05; Table 4). The potential confounding factors of age,
sex, smoking, RF and ACPA concentration, treatment
approach, and duration of RA did not contribute to these
results when Mantel-Haenszel test and the partial coeffi-
cient of correlation was performed. After 24 months of
follow-up, a significant increase was observed in the
number of MMP-3-positive patients with bone erosions
at lunate bone and MTP5 joints (p = 0.0001; p < 0.01) and
a significantly increased number of MMP-3-positive pa-
tients with erosions at the level of styloid process, MCP2,
and MCP5 joints (p = 0.049, p = 0.001, and p = 0.039 re-
spectively; p < 0.05) were found. Among MMP-3-nega-
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Table 4. Ultrasonographic and RA activity assessment in MMP-3-positive and MMP-3-negative patients at the

baseline and after 24 months

MMP-3-positive MMP-3-negative p value
patients, mean + SD patients, mean + SD
Number of bone erosion/patients
At baseline 2.6+1.4 1.5+1.0 0.07
After 24 months 3.8+2.3 24425 0.039*
Size of bone erosion/patients
At baseline 1.7£0.7 5+0.8 0.592
After 24 months 1.9+0.7 1.6+0.4 0.755
ESR
At baseline 53.6+33.1 25.9+17.4 0.002*
After 24 months 19.2+19.7 4.0+20.1 0.009*
CRP
At baseline 36.6£37.4 9.5+10.7 0.005*
After 24 months 10.7£15.4 13.2+23.1 0.021*
DAS-28
At baseline 6.0+1 4.8+1.2 0.002*
After 24 months 3.5+1 3.2+1.9 0.028*

* p <0.05 (Mann-Whitney test).

Number of bone erosions/patient, number of bone erosions detected by ultrasound examination; MMP-3,
metalloproteinases-3; ESR, erythrocyte sedimentation rate; CRP, C-reactive protein.

tive patients, there was no significant increase in the
number of patients with bone erosions in joints (styloid
process, lunate bone, MCP2, MCP5 and MTP5: p =0.125,
p =0.125, p =0.063, p = 0.500, and p = 1.000 respectively;
p > 0.05). The number of MMP-3-positive and MMP-
3-negative patients with erosions in joints at baseline vis-
it and after 24 months are presented in Figures 1a and 2a.

The majority of early RA patients (both MMP-3-pos-
itive and MMP-3-negative) had small bone erosions (size
1, <1 mm) detected by US at baseline as well as at follow-
up visit (Fig. 1b, 2b). The extent of bone erosion was high-
er in the MMP-3-positive than in MMP-3-negative pa-
tients, both at the baseline visit and after 24 months of
treatment. However, it did not reach statistical signifi-
cance (p = 0.592, p = 0.755 respectively; p > 0.05; Table 4).
Binar logistic regression analysis showed that patients
with baseline serum levels MMP-3 higher than normal
had 5 times a greater chance for the increase of extent of
bone erosion at the level of feet joints (OR 4.82 [1.23-
18.9]; p = 0.024) after 24 months. There was no significant
prediction value of MMP-3-positivity for the increase in
size of bone erosion at the level of hand joints (OR 1.88
[0.49-0.20], p = 0.355 for wrist; OR 1.29 [0.35-4.73], p =
0.697 for MCP2 joints; OR 2.84 [0.32-25.40], p = 0.350
for MCP5 joints). There was no statistical significant dif-
ference between MMP-3 positive and MMP-3 negative

382 Med Princ Pract 2018;27:378-386
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patients for the increase in the number of bone erosions
at the level of both feet or hand joints after the follow-up
period (OR 1.35 [0.37-4.93], p = 0.647 for wrist; OR 0.83
[0.22-3.09], p = 0.785 for MCP2 joints; OR 3.30 [0.37-
29.1], p = 0.283 for MCP5 and OR 2.44 [0.63-9.45], p =
0.195 for MTP5 joints).

US Assessment of Healthy Controls

US finding of bone erosion was present in 4 (13.3%)
healthy persons. All were present at the level of lunate
bone. The sensitivity of US bone erosions in RA diagnosis
was 90.8% and specificity of 83.3% (AUC: 0.912).

Radiographic Assessment

After 2 years of treatment, only 6 (11.5%) early RA pa-
tients developed bone erosions visible on X-ray. All of
these erosions were confirmed by US examination. There
was no statistically significant difference between MMP-
3-negative and -positive patients for the modified TSS, at
the baseline visit and after 24 months of follow-up (p =
0.43, p = 0.63 respectively; p > 0.05 Mann-Whitney test).

Disease Activity Assessment

MMP-3-positive patients had significantly higher val-
ues of ESR, CRP, and DAS-28 than MMP-3-negative pa-
tients at the baseline evaluation (p = 0.002, p = 0.005, and
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p = 0.002 respectively; p < 0.05). All of those parameters
were significantly decreased after 24 months of treatment
in the group of MMP-3-positive patients compared to the
MMP-3-negative patients (p = 0.009, p = 0.021, and p =
0.028 respectively; p < 0.05; Table 4).

Discussion

Diagnosing RA in the early stages of the disease and pre-
dicting its progression are essential in an everyday rheuma-
tology practice [18, 19]. It has been estimated that 60-90%
of patients with RA have a progressive disease course [20].
Biomarkers of joint damage, such as a high level of MMP-3
could provide potentially important prognostic informa-
tionabout future structural destruction in patients with ear-
ly RA [9, 21]. High sensitivity and specificity of US exami-
nation in detecting bone erosions in RA diagnosis was
found in our study. Moreover, bone erosions as detectable
by X-ray were not present at study entry and only 6 (11.5%)
patients had evidence of erosion by X-ray after 24 months
of follow-up, US evaluation of erosion was more sensitive;
55 patients (87.3%) had bone erosions detected by US at
study entry and all of patients after 24 months of follow-up.

To the best of our knowledge, this is one of the first
prospective studies to investigate the association of serum
levels of MMP-3 and development of bone erosions de-
tected by US. In our study, US assessments showed that
MMP-3-positive patients with early RA had a higher total
number of bone erosions compared to MMP-3-negative
patients at the baseline visit but without a statistically sig-
nificant difference. After 24 months of treatment, the to-
tal number of bone erosions in MMP-3-positive patients
was significantly higher compared to the number of
MMP-3-negative patients. None of the confounding fac-
tors tested contributed to this result. Furthermore, after
the follow-up period, there was a statistically significant
increase in the number of MMP-3-positive patients with
bone erosions versus MMP-3-negative patients with no
significant increase. Therefore, high baseline levels of
MMP-3 could be an important risk factor for structural
damage in early RA. However, further clinical studies are
needed to support this conclusion.

Patients with higher serum baseline levels of MMP-3
than normal had more bone erosion after 24 months of
treatment compared to MMP-3-negative, but the differ-
ence was not statistically significant. Using logistic re-
gression analyses, MMP-3-positivity was not able to pre-
dictincrease in number of bone erosions after 24 months.
This can be explained by the fact that a high percentage

Serum MMP-3 Levels in RA Patients
without Initial Radiographic Changes

2
Q0
©
o
©
9]
QO
[S
>
z
Erstyloid  Erlunate  ErMCP2  ErMCP5  ErMTP5

a Joint distribution

120

® Baseline
" 100 ® Follow-up
c
2 80
©
o
B 60
9]
o)
£ 40
>
z
- ‘ J
O L T T T 1
<1 mm 1<2mm 2 <3 mm >3 mm

b Size of bone erosion

Fig. 1. a Number of bone erosions in analized joints (styloid pro-
cess, lunate bone, MCP2, MCP5 and MTP5) in MMP-3-positive
patients at baseline visit and after 24 months. b Size of bone ero-
sion in analized joints (styloid process, lunate bone, MCP2, MCP5
and MTP5) in MMP-3-positive patients at baseline visit and after
24 months. a McNemar test. b Size of bone erosion 1 = <1 mm;
size of bone erosion 2 = 1 <2 mm; size of bone erosion 3 = 2 <3
mm; size of bone erosion 4 >3 mm.

of patients (both MMP-3-positive and -negative) already
had erosion as detected by US at baseline visit. Our study
showed that baseline levels of MMP-3 had a predictive
value in progression of size of bone erosions at the level
of feet joints but not of hand joints. However, a longer
follow-up period might show a similar result for the hand
joints too. Furthermore, there was no significant differ-
ence between MMP-3-positive and MMP-3-negative pa-
tients for the increase in the number of bone erosions at
the level of both feet and hand joints.

The majority of published clinical studies focused on
the significance of the levels of MMP-3 for prediction of
the radiographic progression in patients with RA [22-24].
In a 2-year follow-up study, Posthummus et al. [23] inves-
tigated the significance of levels of MMP-3 for structural
joints damage in early RA and this study was the first to
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include patients without initial radiographic changes. Se-
rum levels of MMP-3 in patients with early RA without
damage as detected by X-ray at study entry were compared
to levels of MMP-3 in patients with damage as detected by
X-ray. They found significantly higher baseline serum lev-
els MMP-3 in patients with initial damage compared to the
serum levels in the group without any damage at study en-
try and during follow-up. However, no difference in levels
of MMP-3 was found between the group of patients who
already had structural joint damage and the group of pa-
tients who developed damage during the follow-up. Gall et
al. [25] followed DMARDs-naive early RA patients for one
year. At baseline they found a significant positive correla-
tion between baseline levels of MMP-3 and the magnetic
resonance imaging (US outcome measures in RA clinical
trials) erosion scores, whereas no correlation was found
with the Van Der Heijde modification of the Sharp scoring
system (SvdH) and the baseline levels of MMP-3. After 12
months, the SvdH scores showed a significant correlation
with the baseline levels of MMP-3. In a 12-month prospec-
tive study of early, DMARDs-naive RA patients, Green et
al. [21] found a strong correlation between baseline levels
of MMP-3 and the progression of Larsen score. In a retro-
spective study, Mamehara et al. [26] found higher baseline
levels of MMP-3 in a group of RA patients with radio-
graphic progression without statistical significance. Our
study focused on DMARDs-naive early RA patients with
<1 year duration of symptoms, similar to the previous
studies; however, the absence of structural damage detect-
ed by X-ray, required for our patient study enrollment, was
the main difference from the previous ones. MMP-3-neg-
ative patients had higher modified TSS score then MMP-
3-positive patients at baseline visit, as well as after the fol-
low-up, because of differences in joint space narrowing
scores. A significant difference was not found in the mod-
ified TSS score between the MMP-3-positive and the
MMP-3-negative patients after 2 years of treatment, which
was different from the previous results. However, 15% of
patients in Green’s study, 39% of patients in Posthummus
study and 72% of patients in Gaal’s study already had struc-
tural damage detected by X-ray at entry in contrast to our
patients who were all without erosions visible on X-ray. In
addition, our MMP-3-positive and -negative patients both
had more active disease at study entry, which may also ex-
plain the finding of a high percentage of patients with bone
erosion detected by US at the baseline visit. That was the
reason why most of our patients were treated with metho-
trexate after baseline assessment and with biologics during
the follow-up period unlike previous studies. This could
further explain the lesser radiographic progression in all
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Fig. 2. a Number of bone erosion in analized joints (styloid pro-
cess, lunate bone, MCP2, MCP5 and MTP5) in MMP-3-negative
patients at baseline visit and after 24 months. b Size of bone ero-
sion in analized joints (styloid process, lunate bone, MCP2, MCP5
and MTP5) in MMP-3-negative patients at baseline visit and after
24 months. McNemar test. Size of bone erosion 1 = <1 mm; size of
bone erosion 2 = 1 <2 mm; size of bone erosion 3 = 2 <3 mm; size
of bone erosion 4 >3 mm.

patients in our group after 24 months of treatment espe-
cially in the group of MMP-3-positive patients who were
treated more aggressively than the MMP-3-negative pa-
tients. Also, this explains the higher modified TSS score in
the MMP-3-negative patients after 24 months. In contrast
to previous studies, where the authors calculated the pres-
ent serum level MMP1-3 in each patient, we divided pa-
tients into MMP-3-positive and -negative groups. In addi-
tion, matrix metalloproteinase-3 gene polymorphism
could also explain the differences mentioned above. It has
been shown recently shown that the degree and rate of
bone erosion damage are higher in RA patients with the
6A/6A genotype [27].
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Ally etal. [24] studied 128 DM ARDs-naive early RA pa-
tients and also So et al. [22] in one of the earliest studies, did
not find a correlation between levels of MMP-3 and ero-
sions detected by X-ray similar to our results. Serum levels
of MMP-3 were significantly elevated in RA patients [28,
29] and strongly correlated with the levels of CRP and ESR
[22-24,27]. In our group, 73% of early RA patients showed
increased levels of MMP-3, which were strongly correlated
with the parameters of disease activity (ESR, CRP, DAS-28)
and patients’ disability (HAQ). The decrease of these pa-
rameters was significantly higher in the group of MMP-
3-positive patients after 24 months of treatment. These re-
sults are similar to previously published results and empha-
size the usefulness of MMP-3 in assessing disease activity

in the early stages of RA as a marker of joint inflammation
as well as the role of this biomarker in monitoring treat-
ment efficiency [3, 21, 24, 29-31].

Conclusion

After 2-year of follow-up, ultrasound assessment
showed a higher number of new bone erosions in MMP-
3-positive compared to MMP-3-negative patients with
early RA and no visible initial radiographic changes. High
baseline serum levels MMP-3 predict significantly higher
progression of structural damage at the level of feet joints
but not at the level of hand joints.
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