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Abstract

Background: Behcet's disease is a systemic vasculitis affecting both arteries and veins, as well as caus-
ing recurrent inflammatory multiorgan disease. Vascular involvement is associated with increased
mortality and morbidity. Matrix metalloproteinases are released at sites of inflammation and degrade
various components of the extracellular matrix. Increased levels of metalloproteinase-9 and metal-
loproteinase-2 have been previously reported in Behcet's disease.

Methods: In this cross-sectional study, metalloproteinase-2 and metalloproteinase-3 serum levels
were investigated in 103 patients with Behcet's disease and 69 healthy controls, using Invitrogen
immunoassay human metalloproteinase-2 and metalloproteinase-3 ELISA kits.

Results: Serum metalloproteinase-2 and metalloproteinase-3 levels were significantly higher in the
Behcet's disease group compared to healthy controls. Besides, serum metalloproteinase-3 levels were
significantly higher in subgroups of Behcet's disease with aneurysmal vascular involvement and with
neurological involvement. However, metalloproteinase-2 and metalloproteinase-3 serum levels did
not show a positive correlation with disease activity.

Conclusion: Metalloproteinase-2 and -3 may contribute to the complex pathogenesis of Behcet's dis-
ease. More importantly, the detection of very high serum levels of metalloproteinase-3 may predict
the formation of an aneurysm, or possibly the presence of neurological involvement in Behget's dis-
ease and may lead the clinician to make an earlier diagnosis of these complications in young male
patients with high risk.
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Introduction

Behget's disease (BD) is characterized by recurrent oral aphthae and several systemic manifestations, includ-
ing genital aphthae, ocular disease, skin lesions, gastrointestinal involvement, neurologic disease, vascular
disease, or arthritis. Behcet's disease usually starts around the third or fourth decade of life."? The disease
is particularly prevalent in regions along the “Silk Route,” extending from Japan to the Middle East and
Mediterranean countries and rarely seen in Western countries.® Although the pathogenesis of BD remains
unclear, it possibly involves complex interactions of genetic, environmental, and immunological factors.

The frequency of vascular involvement in BD has been reported as 2%-46%. It is mostly seen in men and
is more likely to be seen in the first 2-5 years of the disease** Superficial venous thrombosis (SVT) and
deep vein thrombosis (DVT) are the most frequent vascular involvements, affecting 15%-40% of patients
with BD® altogether. Although there are studies on the role of genetic causes, endothelial dysfunction, and
coagulation factor abnormalities in thrombosis of BD, the primary causative pathology seems to be inflam-
mation.” Arterial involvement may appear as occlusion or aneurysm and affects only 3%-5% of patients
with BD. Aneurysm formation is most common in the aorta and pulmonary arteries. Mortality is reported
to be around 50% in patients with BD with pulmonary artery aneurysms.>® In general, these involvements
can only be detected when patients are symptomatic, and despite treatment, mortality and morbidity in
these patients are high.” Although noninvasive imaging techniques are reliable and preferred for detect-
ing thoracic and abdominal aneurysms or thrombi, they cannot be used to screen asymptomatic patients
because they are expensive and difficult to reach.

Matrix metalloproteinases (MMPs) are included in the family of zinc metalloendopeptidases that can
degrade extracellular matrix components. They are stimulated by inflammatory cytokines and play diverse
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roles in many physiological or pathological
conditions.’ Several groups of researchers
have previously studied the levels of MMPs in
serum samples or in the inflamed tissues of
patients, especially with large vessel vasculi-
tis.'®"* However, data regarding serum levels
of MMPs in BD are scarce, and to our knowl-
edge, only a single study investigated the role
of MMP-2 and MMP-9 in vascular BD. On the
other hand, MMP-9 levels in cerebrospinal
fluid (CSF) in neuro-Behcet patients were also
studied.

In BD, there is an ongoing search to find a
marker to help detect disease activity and
severe vascular involvement. In this cross-sec-
tional study, we aimed to investigate whether
serum levels of MMP-2 and MMP-3 were ele-
vated in patients with BD, especially in those
with aneurysmal vascular involvement. We also
aimed to determine whether serum levels of
MMPs vary with disease activity.

Material and Methods

This cross-sectional study included 103
patients with BD [M/F: 70/33; mean age: 38 +
9 (21-61) years]. All of these were followed by
the outpatient Department of Rheumatology
at Ege University Faculty of Medicine and ful-
filling the criteria for diagnosis of BD issued by
the International Study Group for BD.'* None of
the patients had additional diseases, including
hypertension, diabetes, or malignancy. Sixty
consecutive patients with BD with either arte-
rial or venous involvement were enrolled in the
vascular Behcet group, irrespective of other
findings. Among those 60 patients with vascu-
lar involvement, 10 also had aneurysm forma-
tion. The remaining 43 consecutive patients
with BD, without vascular involvement, formed
a heterogeneous group. Those having only oral
ulcer, genital ulcer, and skin findings were clus-
tered as a pure mucocutaneous group, while

* 1-Metalloproteinase-2 and metallopro-
teinase-3 play a role in the pathogenesis
of Behget's disease.

2-High serum metalloproteinase-3 levels
might be useful to predict patients of
Behget's disease with aneurysmal vascu-
lar involvement.

3-High serum metalloproteinase-3 levels
might be also useful to predict patients
of Behcet's disease with neurological
involvement

Metalloproteinases serum levels did not
show a positive correlation with disease
activity.
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Table 1. Demographic Data and Disease Characteristics of Patients

Total Female Male  MMP-2 (ng/mL) MMP-3 (ng/mL)
Healthy controls (n, age, years) 69 22 47 360 (+85) 7.5(+7)
37.8(x8) 38(x8) 37(+8)
Patients (n, age, years) 103 33 70 FIM:490/461 FIM:10/40
38(x9) 39(x9) 37(x9)
Age of diagnosis 30 (+8.5) 29 31
Family history of Behcet's 20(19%) 7 13
disease
Vascular involvement 60 (58.2%) 12 48 478 (+121) 31(£33)
Peripheral venous 48 8 40 485 (+123) 29 (+31)
Large venous 25 6 19 469 (+107) 38(+35)
Aneurysm 10 1 9 433 (+39) 49 (+33)
Nonvascular group 43 (41.8%) 460 (+146) 30 (+44)
Pure mucocutaneous 7 7 0 462 (+185) 2.2
Neurologic involvement 15 5 10 451(+121) 47 (+54)
Eye involvement 27 9 18 455 (+138) 30 (+41)
Arthritis 19 1" 8 455 (£163) 32 (+46)
Active disease 33(32%) 16 17 445 (+162) 33 (+46)

MMP-2, matrix metalloproteinase-2; MMP-3, matrix metalloproteinase-3.

others had any of the other findings, includ-
ing arthritis, eye involvement, or neurologic
involvement (Table 1). All of these 43 patients
were defined as the nonvascular group. Age-
and sex-compatible 69 healthy controls with-
out systemic diseases were also enrolled in
this study. This study was approved by the
EgeUniversity Faculty of Medicine Research
Ethics Committee (Approval no: B.30.2.EGE.0.01
.00.00/7 BOM /00001668-1398) after reviewing
the ethical issues, and written consent was
taken from all the patients.

Standard case-report forms were prepared,
and the data of the patients were recorded
on these forms. Demographic data, clinical
findings, disease characteristics, number of
cutaneous, ocular, neurological, arthritic, and
vascular involvements, and treatments of all
patients were noted on these forms. In addi-
tion, patients with vascular involvement were
subdivided based on arterial and venous
involvement and the presence or absence
of an aneurysm. The same investigator (PTE)
filled all of these forms, who also examined
the patients, and evaluated disease activity.
Behcet's disease activity was assessed using
Leeds activity score.”” Patients with BD were
categorized as having active total activity score
>5 or inactive total activity score <5.

Blood samples were collected at the time of
study entry. For MMP enzyme measurement,

10 mL of venous blood was taken from the
patients and healthy volunteers; after centrifu-
gation, serum samples were stored at —80°C. At
the end of 6 months, serum levels of MMP-2
and MMP-3 were studied using commercially
available ELISA kits of Invitrogen immunoas-
say human MMP-2 and MMP-3. At the time of
study entry, erythrocyte sedimentation rate
(ESR) and serum C-reactive protein (CRP) levels
were also measured.

Statistical Analysis

Data were recorded and analyzed in the
Statistical Package for the Social Sciences (SPSS)
program version 21.0 (IBM SPSS Corp.; Armonk,
NY, USA). Descriptive statistics were performed
with frequencies and percentages for nominal
data and means and standard deviations or
medians and interquartile range for scale-type
data, depending on its distribution. The val-
ues of MMP2 and MMP3 were compared with
Student’s t-test according to sex and the pres-
ence or absence of several disease characteri
stics/subtypes, while the Mann-Whitney U test
was used in conditions where parametric con-
ditions were not met. The chi-square test was
used to compare categorical data. Spearman’s
correlation was used to test if MMP2 and MMP
values correlated with the patient’s age and
disease duration. Receiver operating charac-
teristic (ROC) analysis was conducted to test
whether MMP-3 could be a predictor of aneu-
rysm formation among the vascular group.
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Results

Both demographic data and disease charac-
teristics of patients with BD are summarized in
Table 1. One hundred three patients with BD
without hypertension, diabetes, and cancer
were included. Twenty patients (19.6%) were
found to have a first- or second-degree rela-
tive having BD when the family histories were
outlined. Some patients had even more than
1 case of BD in their families. Considering the
whole group of patients, eye, neurologic and
joint involvements were found at similar rates
between males and females, with no statistical
significance. However, there was male domi-
nance in the vascular Behcet's group (M/F :
5/1). All patients with vascular involvement
had venous thrombosis; peripheral venous
thrombosis and large vein thrombosis were
detected in 48 (80%) and 25 (41%) patients,
respectively. Notably, 13 (21%) patients had
both peripheral and large vein thrombosis.
Additional aneurysm formation in the abdomi-
nal aorta or pulmonary arteries was detected
in 10 (9.7%) patients (M/F : 9/1).

Talu Erten et al. MMP-2 and MMP-3 in Vascular Behcet's Pathogenesis

Matrix Metalloproteinase-2 and Matrix
Metalloproteinase-3 Levels in Patients with
Behcet's Disease and Healthy Controls

The levels of MMP-2 and MMP-3 were stud-
ied in 103 patients with BD and 69 age- and
sex-matched healthy volunteers as a control

group.

Overall, in patients with BD, both MMP-2 and
MMP-3 serum levels were significantly higher
than those of healthy controls. However, while
serum MMP-2 levels of patients with BD were
significantly higher for both sexes, serum
MMP-3 levels were significantly higher only in
male patients compared to the control group.
As expected, vascular Behcet's group also had
significantly higher MMP-2 and MMP-3 levels
than healthy controls. On the other hand, there
was no significant difference between the
healthy controls and the pure mucocutaneous
subgroup of the nonvascular Behcet's group.
However, the rest of the patients with nonvas-
cular BD, after exclusion of the pure mucocuta-
neous subgroup, also had significantly higher

MMP-2 and MMP-3 levels compared to healthy
controls.

Matrix Metalloproteinase-2 and Matrix
Metalloproteinase-3 Levels in Patients with
Behcet's Disease and Healthy Controls

Matrix metalloproteinase-2 and matrix metal-
loproteinase-3 levels were studied in 103
patients with BD and 69 age- and sex-matched
healthy volunteers as a control group.

Both MMP-2 and MMP-3 serum levels of
patients with BD were significantly higher
than those of healthy controls. Concerning
gender, while serum MMP-2 levels of patients
with BD were significantly higher for both
sexes, serum MMP-3 levels were significantly
higher only in male patients compared to the
control group. As expected, vascular Behcet's
group also had significantly higher MMP-2 and
MMP-3 levels than healthy controls (P < .005;
Figure TA and B). On the other hand, there
was no significant difference between the
healthy controls and the pure mucocutaneous
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Figure 1. Comparisons of MMP-2 (A) and MMP-3 (B) levels from patients with the ocular, central nervous system, vascular, and arthritis Behget's
disease and healthy controls. Comparison of MMP-3 levels (C) in patients with vascular involvement with and without aneurysm. Comparison of
MMP-3 levels (D) in patients with nonvascular Behget disease with and without neurologic involvement. The values of MMP2 and MMP3 were
compared with Student’s t-test or Mann-Whitney U test (where parametric conditions were not met) according to the presence or absence of

several disease subtypes. MMP-2, matrix metalloproteinase-2; MMP-3, matrix metalloproteinase-3.
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subgroup of the nonvascular Behcet's group.
However, after the exclusion of the pure muco-
cutaneous subgroup, the rest of the patients
with nonvascular BD also had significantly
higher MMP-2 and MMP-3 levels compared to
healthy controls.

Analysis of Serum Matrix Metalloproteinase-2
and Matrix Metalloproteinase-3 Levels in
Different Clinical Groups and Subgroups of
Patients with Behcet's Disease

Both serum MMP-2 and MMP-3 levels in the
vascular Behget's group were not signifi-
cantly higher compared to the nonvascular
group. However, in the subgroup analysis,
serum MMP-3 levels were found to be remark-
ably high both in the aneurysm subgroup
(Figure 1C) of patients with vascular BD and
in the subgroup of neurologic involvement
(Figure 1D) of patients with nonvascular BD.
High serum MMP-3 levels in the aneurysm sub-
group were significantly different compared to
both the nonvascular group (P < .05) and the
rest of the vascular group (P .026). Similarly,
high serum MMP-3 levels in the subgroup of
neurologic involvement reached significance
compared to the rest of the nonvascular group
(P .041). However, there were no significant
differences compared to the whole vascular
group or aneurysm subgroup.

On the other hand, serum MMP-3 levels in the
pure mucocutaneous subgroup of nonvascular
Behcet group were similar to healthy controls.

Receiver operating characteristic analysis was
conducted to test whether MMP-3 could pre-
dict aneurysm formation among the vascular
group (Figure 2). If the cut-off point of serum
MMP-3 level is chosen as 22.85 ng/mL to pre-
dict aneurysmal patients with BD, the sensitiv-
ity and specificity may be determined as 80%
and 68%, respectively.

Disease Activity of Patients with Behget's
Disease

Using the Leeds activity index, 33 (32%) patients
were clinically active. Some of these cases were
recently diagnosed patients whose treatment
had not been started yet. Serum MMP-2 and
MMP-3 levels were not significantly different
between active and inactive patients with BD.

Discussion

In the present study, we found that serum
MMP-2 and MMP-3 levels were significantly
higher than those of healthy controls. The
highest serum MMP-3 levels were detected in
patients with aneurysm formation among the
vascular Behget's group and in patients with

Eur J Rheumatol 2023;10(3):101-106

ROC Curve

0.8

0.5

Sensitivity

04 !

0.4

oo T T

T
00 02 04

L
08 0.8 1.0

1 - Specificity

Figure 2. Receiver operating characteristic (ROC) analysis was conducted to test whether MMP-3
could predict aneurysm formation among the vascular group. If the cutoff point of serum MMP-3
levelis chosen as 22.85 ng/mL to predict aneurysmal patients with Behget's disease, the sensitivity
and specificity may be determined as 80% and 68%, respectively.

neurological involvement among the nonvas-
cular Behget's group. This finding may suggest
that high serum MMP-3 levels may predict
not only the presence of vascular aneurysms
in patients with BD with high risk but also
the likelihood of neurological involvement.
Strikingly, we found that serum MMP-3 levels
in the aneurysm subgroup were significantly
higher compared to both the nonvascular
group and the rest of the vascular group with
venous involvement only. This observation
may be useful in clinical practice, leading the
physician to search for an aneurysm in young
male patients with BD with high serum MMP-3
levels.

One may wonder why only subgroup with
aneurysm but not the whole group of vas-
cular Behcet group reached significance in
serum MMP-3 levels compared to patients
with nonvascular BD. This finding may be due
to the very low rate of disease activity in the
whole vascular Behcet's group. Besides, since
our center was a referral center where mainly
complicated patients with BD are evalu-
ated, the nonvascular group included many
severe patients with neurological involve-
ment presenting with very high serum MMP-3
levels. Therefore, we speculate that the pres-
ence of cerebral sinus venous thrombosis
in some patients with neurological involve-
ment may contribute to high serum MMP-3
levels detected in this subgroup. Among the

subgroup of neurological involvement in the
nonvascular group, 6 out of 15 patients had
cerebral sinus venous thrombosis. On the
other hand, the lowest serum MMP-3 levels
in the pure mucocutaneous group may impli-
cate that less severe disease does not cause
high serum MMP levels.

The frequency of vascular involvement in BD is
reported to be 2%-46%.* In the literature, few
studies investigated the role of MMP-9, MMP-
2, and MMP-3 in patients with BD with vascu-
lar involvement, as well as in other vasculitic
diseases.

Pay et al's study was the first to investigate the
relationship of MMP in patients with BD with
vascular involvement. They studied serum
MMP-2 and MMP-9 levels and found that only
serum MMP-9 levels were significantly higher
in patients with BD, both in active and inactive
disease based on the Leeds index, compared
to healthy controls. Besides, they also found
that serum MMP-2 levels positively correlated
with active patients with vascular BD. They
concluded that serum MMP-2 and MMP-9
levels might be used as an activity marker
for patients with vascular BD or patients with
active BD, respectively. More importantly, they
also pointed out that systemic expression of
MMP-2 and MMP-9 were strongly associated,
especially with aneurysmatic involvement,
consistent with our findings.'?
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There are several studies in the literature to
analyze the relationship between MMP-2, -9,
-12, and tissue inhibitor metalloproteinase-2
(TIMP-2)  promoter polymorphisms in the
development of BD. In these studies, tissue
expressions of MMP-9 detected by immunohis-
tochemistry and serum and thrombocyte levels
of MMP-9 were found to be significantly higher
in BD. Based on these results, MMP-9 was sug-
gested to be associated with BD susceptibility.
On the other hand, MMP-2 results were incon-
clusive.'®"® Another study that investigated
the effect of single-gene polymorphisms in
the MMP-9 gene showed that some polymor-
phisms increased susceptibility to BD, while
others seemed to have a protective effect.””

The levels of MMP-9 in CSF of patients with BD
with neurological involvement were also inves-
tigated in a previous study. This study reported
a significantly increased MMP-9/TIMP-1 ratio in
CSF in Behget's group compared to patients
with  non-inflammatory  neurological  dis-
eases.?’ This report may support our finding of
high serum MMP-3 in the subgroup of neuro-
logical Behget patients.

In another study comparing synovial MMP-3
levels between patients with BD and rheuma-
toid arthritis (RA), synovial MMP-3 levels were
lower in the BD group compared to RA?' This
observation was explained by the non-erosive
character of Behcet arthritis. In our study, serum
MMP-3 level in the BD subgroup with arthritis
was not different from other BD subgroups.

Other than those limited number of studies
investigating MMP-2, MMP-3, and MMP-9in BD,
MMP-3 levels were also studied in other vascu-
litides with predominant aneurysmal involve-
ment such as Takayasu's arteritis (TA), Giant Cell
Arteritis (GCA), and Kawasaki Disease (KD).'*"
Matsuyama et al'? investigated serum levels
of MMP-2, MMP-3, and MMP-9 in 25 patients
with TA. In this study, MMP-2 levels were higher
than those of healthy controls in all TA, includ-
ing patients in remission. In this study, MMP-3
and MMP-9 levels were significant in determin-
ing active disease. In another study, IL-2, -6, -8,
-12,-18, TNFa, MMP-3, and MMP-9 serum levels
were measured in 36 patients with TA and 36
controls. Vascular disease activity was assessed
using PET-CT scans in this study. Serum IL-6
and MMP-3 levels were higher in TA patients
compared to healthy controls (P < .001), but
serum MMP-3 levels were not found to be sig-
nificant in determining active disease.?

Overall, there are only a few studies investigat-
ing MMP levels and polymorphisms in BD, and

Talu Erten et al. MMP-2 and MMP-3 in Vascular Behcet's Pathogenesis

previous studies mainly focused on MMP-2
and MMP-9. The present study is notable for
focusing mainly on MMP-2 and MMP-3 serum
levels in a larger cohort of patients with vascu-
lar BD. The role and association of MMP-3 have
already been reported in abdominal aortic
aneurysm formation due to both vasculitic and
non-vasculitic etiologies.”*?® However, to our
knowledge, this is the first study reporting sig-
nificantly higher serum MMP-3 levels in vascu-
litic Behget patients with aneurysm formation,
as well as in those with neurologic involve-
ment. In conclusion, the detection of very high
serum levels of MMP-3 may predict the forma-
tion of an aneurysm, or possibly the presence
of neurological involvement in BD, and may
lead the clinician to make an earlier diagnosis
of these complications in young male patients
with high risk.
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