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Abstract

Objective: Matrix metalloproteinase-3 (MMP-3) has been implicated in experimental and clinical models of
human inflammatory conditions. Increased MMPs levels have been shown in serum and body fluids in inflammatory
conditions. Familial Mediterranean Fever (FMF) is an inherited, auto inflammatory disease characterized by
recurrent self-limited bouts of fever and localized inflammation. We aimed to investigate whether urine MMP-3 level
can serve as a biomarker for monitoring attack in FMF patients in daily practice.

Methods: We studied 50 patients diagnosed with FMF according to Tel Hashomer criteria and 32 age-matched
healthy controls. We determined all subjects both in attack (FMF-AP) and attack free period (FMF-AFP) groups.
Serum and urine samples were obtained within the first 6-24 h of the AP, and 10 days later after the attack (AFP).
The serum samples were measured on the same day while urine samples were frozen immediately and stored at
-80°C.

Results: The mean age at onset was 57.26 ± 33.5 months. The most common symptoms seen during the attacks
were: fever (80%) abdominal pain (72%), arthritis (40%). In genotype distribution, homozygous M694V mutation was
seen mostly (28%). During AP, urine MMP-3 levels of patients were higher as well as during AFP and controls (2.32
± 0.51, 0.89 ± 2.29 ng/mL and 1.24 ± 0.17 ng/mL, respectively, p=0.00). In AP, urinary MMP levels were higher in
patients with arthritis than others (p<0.05). Urinary MMP-3 levels were also significantly higher in males (2.29 ± 0.45
versus 2.24 ± 0.57, p=0, 00). The patients with M694V allele (n=29) had statistically significant high urine MMP-3
levels than others (2.37 ± 0.56 versus 1.99 ± 0.31, p=0.04, respectively). Also, acute phase reactants were higher in
patients with M694V allele without statistically significant difference (p=0.89, 0.75, 0.86, 0.85, 0.7, respectively).

Conclusion: In this study we focused on presence of MMPs in urine and showed inflammation-specific MMP
patterns may provide clinicians valuable information in FMF patients.

Keywords: Matrix metalloproteinase-3; Familial mediterranean
fever; Biomarker

Objective
Familial Mediterranean fever (FMF) is an autosomal recessive

disease, which predominantly affects certain ethnic groups, mainly
Sephardic Jews, Turks, Arabs, and Armenians [1]. FMF is associated
with mutations in the gene MEFV encoding pyrin. It is an auto-
inflammatory disease characterized by recurrent, self-limited attacks of
fever and inflammation of serosal surfaces. Pyrin is expressed mainly
in neutrophils and macrophages, and modulates the production of the
potent pro-inflammatory cytokine interleukin-1β through regulation
of nuclear factor-κB and caspase-1 [2]. Neutrophil degranulation and
release of proteases and other cytotoxic mediators can cause tissue
damage. Oxygen radicals and matrix metalloproteinases (MMPs),
which derived by neutrophils and macrophage, are critical mediators
of acute inflammatory tissue damage [3]. MMPs are a family of
peptidase enzymes responsible for the degradation of extracellular

matrix (ECM), clotting factors, lipoproteins, and cell adhesion
molecules [4]. MMP-3 as a key member of metalloproteinase family is
involved in the turnover of the number of ECM components also
activates some other members of the MMP family [5]. In patients with
several inflammatory diseases, MMP levels are elevated in serum and
synovial fluid [6-9]. Communication of cells invading joints and blood
vessels with the vascular and lymphatic systems might result in
increased levels of MMP activity in urine [10]. Two studies in juvenile
idiopathic arthritis (JIA) have also shown increased levels of serum
MMP-3 compared to controls, and MMP levels correlated with
various disease activity indices [11,12].

We aim to investigate the relationship between urinary MMP-3
levels and disease activity in patients with FMF and also it can serve as
a biomarker for monitoring attack period in daily clinical practice.
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Methods
Patients were recruited for this study using a protocol that was

reviewed and approved by the Institutional Review Board at Ege
University Medical Faculty. We studied 50 patients who diagnosed
with FMF according to Tel Hashomer criteria and 32 healthy controls.
We determine all FMF subjects both in attack period (FMF-AP) and
attack free period (FMF-AFP) groups. FMF patients with documented
infections such as respiratory tract and urinary tract infections, sepsis,
other systemic diseases, and amyloidosis were excluded. Blood and
urine samples were obtained within the first 6–24 h of the attack
period, and 10 days later after the attack, which was named attack free
period. Control group that was matched according to age and sex
consisted of completely healthy children without any infection or any
other systemic diseases. White blood cell counts (WBC), C-reactive
protein (CRP), erythrocyte sedimentation rate (ESR), serum amyloid
A protein (SAA), fibrinogen and urine MMP-3 levels were measured
in the patients (at two different periods as described above) and
control group. The serum samples were measured on the same day
while Urine samples were collected on ice and divided into aliquots
and frozen immediately and stored at -80°C until ready for assay.

A Beckman Coulter Hematology Analyzer was used for WBC and
thrombocyte counts. The ESR was evaluated by the westergren method
and <20 mm/h was considered to be normal. The measurement of
high-sensitive CRP (hs-CRP) was performed by the nephelometric
method (Dade, Behring, Germany) and <0.35 mg/dl was accepted as
normal.

Urine MMP-3 levels were measured by enzyme-linked
immunosorbent assay (ELISA; Invitrogen, Breda, The Netherlands)
according to the manufacturer’s instructions. The assay measures total
human MMP-3 including pro-MMP-3, active MMP-3, and MMP-3 in
complex with tissue inhibitor of metalloproteinase (TIMP). We also
calculated MMp-3-creatinine ratio.

Statistical analysis: All data were analyzed on SPSS 16.0 (SPSS Inc.,
Chicago, IL, USA). Results were expressed as mean ± SD or median
(range) for normally distributed and non-normally distributed data,
respectively. The independent samples t test and Mann-Whitney U
test were used to compare differences between groups. Chi-square test
and Fisher exact test were used to compare differences in percentages
between groups. Spearman’s correlation coefficients were used to
analyze the relationship between urine MMP-3 levels and clinical
measures of disease activity. P values<0.05 were considered statistically
significant.

Results
The study group comprised 50 FMF patients (28 females, 22 males;

mean age 8 ± 3.89 years) and 38 healthy controls (21 females, 17 males;
mean age 8.6 ± 3.76 years). There were no significant differences
between the patients and the control group in terms of age and sex
distribution. The mean follow up time was 39.1 ± 16.3 months. All
patients were already taking colchicine (0.5-2 mg/day). The mean age
at onset of symptoms was 57.26 ± 33.5 months. The most common
symptom seen during the attacks was: fever (n=40, 80%) abdominal
pain (n=36, 72%), arthritis (n=20, 40%) and others (myalgia, erysipelas
like lesion, and vasculitis, etc.) (n=6, 12%).

In the genotype distribution of patients, homozygous M694V
mutation was seen mostly (n=14, 28%). The remaining patients had
M694V/E148Q (n=5, 10%), M694V/V726A (n=4, 8%), M680I/E148Q

(n=3, 6%), M694V/M680I (n=2, 4%), E148Q/E148Q (n=2, 4%),
M680I/M680I (n=2, 4%), M694V/0 (n=4, 8%), M680I/0 (n=4, 8%),
V726A/0 (n=4, 8%), E148Q/0 (n=4, 8%), K695R/0 (n=2, 4%)
mutations.

At the attack period, the mean SAA, CRP, fibrinogen and ESR
values were higher than both AFP and normal values in all patients
(Table 1).

Attack period Attack free period P

WBC x 10 9/L 8283 ± 2701 7279 ± 2197 p<0.001

SAA, mg/dl 346 ± 271 18 ± 28 p<0.001

CRP, mg/dl 8.6 ± 6.6 0.7 ± 1.1 p<0.001

Fibrinogen, mg/dl 580 ± 178 287 ± 100 p<0.001

ESR, mm/h 57.3 ± 32 15 ± 8 p<0.001

Table 1: Laboratory assessments in patients at attack period and attack
free period

Abbreviations: WBC: White Blood Cell; SAA: Serum Amyloid A;
CRP: C-Reactive Protein; ESR: Erythrocyte Sedimentation Rate

During AP, urine MMP-3 levels of patients were higher as well as
during AFP and controls (2.32 ± 0.51 ng/mL, 0.89 ± 2.29 ng/mL and
1.24 ± 0.17 ng/mL, respectively, p=0.00) (Figure 1). The level of
urinary MMP-3/ creatinine was detected higher in AP than the AFP
and controls (Figure 1). There were no significant differences between
the urine MMP3/creatinine ratio of the attack-free periods and healthy
control group (P=0.28, Figure 1).

Figure 1: Urine MMP-3 and Urine MMP-3/creatinine levels of the
patients and controls

Abbreviations: MMP-3: Matrix metalloproteinase-3

In attack period, urinary MMP levels were detected higher in
patients with arthritis than others (P<0.05) (Table 2). In addition
urinary MMP-3 levels were higher in male compared to female
patients (2.29 ± 0.45 versus 2.24 ± 0.57, respectively, (P=0.08).

Clinical features Urinary MMP3 levels
(ng/mL)

P

Fever (presence versus absence) 2.34 ± 0.54 vs. 1.98 ± 0.23 0.06

Abdominal pain (presence versus
absence)

2.19 ± 0.49 vs. 2.45 ± 0.52 0.14

Arthritis (presence versus absence) 2.54 ± 0.50 vs. 2.01 ± 0.37 0.00

Table 2: The MMP levels in urine according to the existing clinical
evidence
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Abbreviations: MMP3: Matrix metalloproteinase-3

The patients with M694V allele (n=29) had statistically significant
high levels of urine MMP-3 levels and ratio of urinary MMP-3/
creatinine than other patients (2.37 ± 0.56 vs. 1.99 ± 0.31, P=0.04 and

0.19 ± 0.1 vs. 0.11 ± 0.04, P=0.02, respectively, Table 3). Also, acute
phase reactants (WBC, SAA, fibrinogen CRP, ESR) were higher in
patients with M694V allele but no there were no statistically significant
(P=0.89, 0.75, 0.86, 0.85, 0.7, respectively, Table 3).

M694V allele WBC SAA Fibrinogen CRP ESR Urine MMP-3 MMP-3/creatinine

Presence Mean 8386 334.8 556.16 7.54 59.33 2.37 0.19

SD 2851 239.97 209.70 6.80 28.05 0.56 0.10

Absent Mean 8229 384.65 536.60 6.85 53.83 1.99 0.11

SD 2556 422.56 154.82 4.97 32.85 0.31 0.04

P 0.89 0.75 0.86 0.85 0.7 0.04 0.02

Table 3: The levels of acute phase reactants and urine MMP-3 in patients with M694V allele in attack period

Abbreviations: MMP3: Matrix metalloproteinase-3; WBC: White
Blood Cell; SAA: Serum Amyloid A; CRP: C-Reactive Protein; ESR:
Erythrocyte Sedimentation Rate

Discussion
Familial Mediterranean fever is characterized by recurrent, self-

limited episodes of fever and localized inflammation. These episodes
of inflammation are mainly mediated by a massive influx of
neutrophils into serous cavities and are accompanied by an elevation
in the levels of acute-phase inflammatory products and cytokines [13].
There are high serum levels of serum amyloid A (SAA) during active
inflammation, particularly during FMF attacks. These markers are
increased in 30–90% of patients with FMF during attack-free periods
[14,15].

In this study, we measured the urinary MMP-3 levels in patients
with FMF. The urinary MMP-3 levels were found higher at the attack
period in patients, than attack free period and controls. Also, the
correlation of urinary MMP-3 levels was consistent across multiple
disease activity measures, both laboratory and clinically. Our study is
the first study showing that urinary MMP-3 is a good marker for
disease activity in the FMF.

Inflammatory conditions such as vasculitis and arthritis produce
tissue damage by disassembling the complex extracellular matrices
delimiting tissue spaces and surrounding blood vessels. MMPs have
been implicated in experimental and clinical models of human
inflammatory conditions [16]. Firstly, Moses MA et al can be detected
in the urine of subjects with a variety of cancers and that these urinary
MMPs are predictive of disease status in these subjects [17].

In this study, we found that urinary MMp-3 levels correlated with
both SAA and CRP levels in attack period (r=1.26 and r=1.36,
respectively, p=0.01) and attack free period (r=1.16 and r=1.03,
respectively, p= 0.02). In addition, SAA and CRP measurements were
highly correlated in our study (r=1.11, p=0.01).

Yoshihara et al. [8] were found which levels of MMP-3 were higher
both in synovial fluid and serum in patients with inflammatory
arthritis. Recently, high serum levels of MMP -3 in patients with
systemic onset juvenile idiopathic arthritis were identified and shown
to be associated with the activity of the disease [18]. Another study
investigated at MMP levels in serum and synovial fluid of JIA patients
and showed some correlation between levels of MMP and disease

activity, especially MMP-1 [12]. MMP-3 is produced in the joint by
synovial fibroblasts and chondrocytes in an inactive form [19].
Therefore, MMP-3 is a direct effector of cartilage and synovial
damage. The maximum MMP3 levels were found in patients presented
with arthritis in our cohort (Table 2).

Many studies showed that serum MMPs levels higher in males than
females [20]. In addition, Natoli et al. [21] showed that the male sex
steroid testosterone increased gene and protein expression of MMP-3.
In our cohort, urinary MMP-3 levels were higher in male compared to
female patients.

Conclusion
We have shown urinary MMP-3 levels higher in attack period of

FMF and urinary MMP-3 levels have been correlated with acute phase
proteins. Clearly urine study is less invasive way of obtaining
laboratory data, which is important especially in children. Thus,
measuring MMP’s in urine could provide a non-invasive means for
measuring disease activity in a variety of inflammatory conditions.
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