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Circulating Matrix Metalloproteinase-9
Concentrations Do Not Indicate Ongoing
Inflammation and Accelerated
Atherosclerosis in Rheumatoid Arthritis

Plazma Matriks Metalloproteinaz-9 Diizeyleri
Romatoid Artritte Devam Eden Inflamasyon ve
Hizlanmig Aterosklerozun Bir Gostergesi Degildir

ABSTRACT Objective: The aim of the present study was to evaluate the potential roles of
matrix metalloproteinase-9 in the development of accelerated atherogenesis and active syste-
mic inflammation in rheumatoid arthritis patients. Material and Methods: Fourty-seven rheu-
matoid arthritis patients (38 women, 9 men) and 20 healthy controls (15 women, 5 men)
were included. Rheumatoid arthritis patients were divided in to two subgroup as active (20 wo-
men and 4 men) and inactive (18 women and 5 men) disease. Enzyme-linked immunosorbent
assay kit with monoclonal antibodies against the substance was used to measure plasma matrix
metalloproteinase-9 levels. Carotid intima media thickness of the subjects were measured by
high resolution B-mode ultrasound and a average-intima media thickness (right plus left inti-
ma media thickness divided by 2) value was calculated for each subject. Results: Inactive and
active rheumatoid arthritis patients had significantly higher median average-intima media
thickness compared to control group (p= 0.003 and p= 0.001, respectively). Median average-
intima media thickness did not differ between active and inactive rheumatoid arthritis pati-
ents. Median matrix metalloproteinase-9 levels did not differ between studied groups. There
was no correlation between matrix metalloproteinase-9 levels and average-intima media thick-
ness. Matrix metalloproteinase-9 did not correlate with erythrocyte sedimentation rate, C-re-
active protein and disease activity score 28. Conclusion: Rheumatoid arthritis is associated with
increased carotid intima media thickness which is a sign of accelerated atherosclerosis howe-
ver, findings of the present study does not suggest a role for matrix metalloproteinase-9 in this
process.
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OZET Amag: Romatoid artrit hastalarinda aktif sistemik inflamasyon ve hizlanmis ateroskleroz
gelisiminde matriks metalloproteinaz-9 (MMP-9) un potansiyel roliiniin incelenmesi. Gereg ve
Yontemler: Kirk yedi (38 kadin, 9 erkek) romatoid artrit hastas1 ve 20 (15 kadin, 5 erkek) sag-
likl1 kontrol galismaya dahil edildi. Romatoid artrit hastalar1 aktif (20 kadin, 4 erkek) ve inak-
tif (18 kadin, 5 erkek) olarak 2 alt gruba ayrildi. Plazma MMP-9 diizeyleri MMP-9 ELISA kiti
kullanilarak 6l¢iildii. Karotis intima-media kalinlig1 yiiksek ¢oziiniirliiklii B-mode ultrasonog-
rafi cihazi kullanilarak 6l¢iildii. Sag ve sol karotis artere ait 6lgtimler toplanarak 2’ye boliindi
ve her bir hasta i¢in ortalama degerler bulundu. Bulgular: Aktif ve inaktif romatoid artrit has-
talar1 kontrol grubu ile karsilastirildiginda anlamli diizeyde daha yiiksek median intima medi-
a kalinliklarina sahiplerdi (p degerleri sirasi ile; 0.003 ve 0.001). Aktif ve inaktif romatoid artrit
hastalarinda ise median intima media kalinliklar: arasinda anlamli fark yoktu. Her ii¢ grupta
da median MMP-9 seviyeleri benzerdi. MMP-9 seviyeleri ile intima media kalinlig1, eritrosit se-
dimentasyon hizi, C-reaktif protein ve romatoid artrit hastalik aktivitesi arasinda anlaml bir ko-
relasyon saptanmadi. Sonug: Romatoid artrit, hizlanmig aterosklerozun bir isareti olan artmig
karotis intima media kalinlig ile iligkili bir hastalik olmakla beraber, MMP-9’un bu olayda her-
hangi bir roliinden s6z edilememektedir.

Anahtar Kelimeler: Matriks metalloproteinaz 9; artrit, romatoid
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heumatoid arthritis (RA) is a chronic syste-
Rmic autoimmune rheumatic disorder, char-

acterized by inflammation, synovial
hyperplasia and destruction of the affected joints.
The cellular activation of aggressively growing,
matrix-degrading synovial fibroblasts is a promi-
nent feature in the pathobiology of RA.! Joint des-
truction in RA is mediated by the attacks of
numerous enzymes such as serine proteases, cat-
hepsins, and the matrix metalloproteinases
(MMPs).! MMPs are a family of enzymes that deg-
rade different components of extracellular matrix.
Although MMPs play an important role in normal
physiologic processes such as maintaining tissue re-
modeling and regeneration, their excessive expres-
sion degrade non-collagen matrix components of

the joints as in RA.!?2

Atherosclerosis is an ongoing long-term pat-
hological process associated with the inflammati-
on in the course of RA. Patients with RA have
about four times increased risk of developing pre-
mature cardiovascular diseases, which could oc-
cur even in the absence of the classical risk factors
associated with the atherosclerosis.> Human caro-
tid atherosclerotic plaques are rich in foamy mac-
rophages, which are also found in the lining layers
and sublining areas of RA synovium. The macrop-
hages are involved in the induction of MMP-9
(Gelatinase B) which contribute to cartilage des-
truction in RA and extracellular matrix degrada-
tion in atherosclerosis.* The aim of the present
study was to evaluate the potential implication of
MMP-9 in the development of accelerated athe-
rogenesis and active systemic inflammation in RA
patients.

I MATERIAL AND METHODS

PATIENTS AND CONTROLS

Fourty-seven RA patients (38 women, 9 men), and
20 healthy controls (15 women, 5 men) were inc-
luded in the study. All RA patients fulfilled the
1987 American Rheumatism Association criteria.®
All subjects were younger than 60 years at the time
of the enrollment. In the RA patients, disease acti-
vity was assessed by disease activity score 28

PLAZMA MATRIKS METALLOPROTEINAZ-9 DUZEYLERI ROMATOID ARTRITTE DEVAM EDEN INFLAMASYON...

(DAS28) and the score < 3.2 was considered inacti-
ve disease.® Thus, RA patients were divided in to
two subgroups as active and inactive RA. 24 pati-
ents (20 women, 4 men) had active RA and 23 pa-
tients (18 women, 5 men) had inactive RA.

The exclusion criteria included; age older than
60 years, malignancy, chronic renal failure, diabe-
tes mellitus, impaired fasting glucose, impaired glu-
cose tolerance (fasting glucose >100 mg/dL and
OGTT second hour glucose =140 mg/dL), history of
cerebrovascular disease, peripheric arteral disease,
coronary arterial disease and uncontrolled arteri-
al hipertension (systolic pressure > 140 mmHg
and/or diastolic pressure > 90 mmHg).

The Ethics Committee of Gazi University
Faculty of School approved the study. Written in-
formed consent was obtained from all subjects.

MEASUREMENT OF PLASMA MMP CONCENTRATION

Blood samples were taken from peripheral veins af-
ter an overnight fast and collected in ice-cold vac-
uum glass tubes containing EDTA. Then, the
plasma was separated by centrifugation at 3000 rpm
for 10 min at 4°C. These samples were immediately
frozen and stored at - 80°C. Enzyme-linked immu-
noSorbent assay (ELISA) kit with monoclonal an-
tibodies against the substance (RayBio® Human
MMP-9 ELISA Kit) was used to measure plasma
MMP-9 levels according to the instructions provi-
ded by the manufacturer. The sensitivity of ELISA
for MMP-9 was 0.001 ng/mL. The MMP-9 assay
was done in duplicate and the mean intra-assay co-
efficient of variation and mean interassay coeffici-
ent of variation for both the assays were 10% and
12%, respectively.’

VASCULAR DISEASE MEASUREMENTS

Carotid intima media thickening (IMT) of the sub-
jects were measured by high resolution B-mode US
by a single experienced examiner who was blinded
to the clinical and biochemical data. All patients
were evaluated by high-resolution ultrasound
using the Logiq 9 system (GE Medical Systems,
Milwaukee, WI) and a 7.5 MHz linear array trans-
ducer. IMT of the right and left common carotid
arteries were measured within the 1 cm segment
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proximal to the dilatation of the carotid bulb at sa-
gittal planes. Patients and controls were examined
in supine position with the neck extended and the
chin turned contralateral to the side being exami-
ned. IMT was measured in the right and left com-
mon carotid artery at the level of carotid
bifurcation in the posterior wall, and the means of
both values were calculated. All measurements we-
re made manually on digitized still images that we-
re obtained during ultrasound scanning. The
carotid plaques were excluded while measuring
IMT. A average IMT (right plus left IMT divided
by 2) value was calculated for each subject.

STATISTICAL ANALYSIS

Data are expressed as median (interquartile range =
IQR). Quantitative variable were compared using
Kruskal Wallis test. If p value was less than 0.05,
we used the Mann-Whitney U test on each pair of
groups and adjusted the p value with the Bonfer-
roni. Therefore, a p value of less than 0.016 was
considered statistically significant. Spearman cor-
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relation coefficient was used for correlation analy-
sis.

I RESULTS

Characteristics of the patients and controls are de-
picted in Table 1. Age, sex, body mass index (BMI)
and risk factors for atherosclerosis were similar be-
tween groups. Erythrocyte sedimentation rate
(ESR) and C-reactive protein (CRP) levels were
highest in the active RA, and inactive RA had hig-
her values compared to controls. In paired compa-
risons, only active RA group compared with both
inactive RA and control groups reached statistical
significance. All lipid parameters except for low
density lipoprotein (LDL) were similar in all three
groups. LDL levels were the highest in the controls,
and active RA had higher level compared to inac-
tive RA. There was significant difference only be-
tween inactive RA and control groups. Fibrinojen
and homoscysteine levels were similar in all three
groups. P values from overall and paired compari-
sons are given in Table 1.

TABLE 1: Characteristics of patient and control groups.

Median (IQR) Active RA
Disease duration (years) 5(2-7)
Sex (Female/male) 20/4

Age (year) 50 (41-55)
BMI (kg/m?) 26 (24-27.7)
ESR (mm/hour) 31 (24-40)
CRP (mg/dL) 5 (0-27)
DAS28 4 (3.5-4.58)
Fibrinogen (mg/dL) 387 (292-424)
Total cholesterol {mg/dL) 190 (179-214)
LDL (mg/dL) 117 (102-136)
HDL {mg/dL) 48 (44-55)
Triglyceride (mg/dL) 121 (100-143)
Lp (a) (mg/dL) 16.1(9.9-24.2)
Homocysteine (Umol/L) 8.7 (7.4-11.8)
Smoking 6 (%25)
Family history 3(%12.5)
Hypertension 5{%20.8)
Hyperlipidemia 7 (%29.2)
RF positivity 14 {%58.3)

Inactive RA Control p (overall)
4(1-6) 0.242
18/5 15/5 0.724
51 (37-58) 46 (42-52) 0.443
27 (25-30) 27 (25-28) 0.522
21 (12-26) 12 (9-19) < 0.001*
Negative Negative
2.3 (2.08-2.68) < 0.001
305 (268-345) 0.054
182 (165-199) 207 (171-248) 0.132
99 (89-123) 137 (102-153) 0.034t
55 (47-64) 47 (43-57) 0.118
122 (90-137) 101 (80-151) 0.784
16.8(9.9-22.2) 16 {10.2-34.2) 0.922
8.9 (7.5-12.2) 11.6 (8.6-14.6) 0.170
5 (%21.7) 8 (%30) 0.824
6 (%26.1) 5 (%25) 0.286
7 {%30.4) 5 {%25) 0.751
4 (%17.4) 5 (%25) 0.633
15 (%65.2) - 0.631

*Active RA vs inactive RA and active RA vs control (each two p values < 0.001 for ESR and < 0.001 and = 0.014 respectively for CRP). t Inactive RA vs control (p=0.012).
BMI: Body mass index, ESR: Erytocyle sedimantation index, CRP: C-reactive protein, LDL: Low density lipoprotein, HDL: High density lipoprotein.
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Inactive RA patients had the highest median
average-IMT values, and active RA patients had
higher values compared to controls (0.81 (0.71-
0.94), 0.78 (0.70-0.97), 0.61 (0.53-0.78) respecti-
vely; overall p= 0.002). In paired comparisons,
although both RA groups had significantly higher
median average-IMT compared to control group,
the difference between active and inactive RA gro-
ups was not statistically significant (Figure 1A).
Median MMP-9 levels did not differ between gro-
ups (2.87 (1.54-3.10), 3.01 (1.14-3.08), 3.06 (1.98-
3.23), respectively; overall p= 0.24) (Figure 1B).

There was no correlation between MMP-9 le-
vel and average-IMT when all subjects were inclu-
ded in the analysis (r=0.011, p= 0.93) as well as when
only RA patients were analyzed (r= 0.153, p= 0.30).
In addition, we did not find any association between
MMP-9 level and ESR (r= 0.078 p= 0.60), CRP (r=
0.096, p=0.052) or DAS28 (r= 0.002, p=0.98).

I DISCUSSION

Rheumatoid arthritis, active or inactive, is associa-
ted with increased carotid intima-media thickening
which is a sign of accelerated atherosclerosis. Find-
ings of the study does not suggest a role for MMP-9
in this process. Roman and coworkers recently de-
monstrated that patients with RA, despite a more fa-
vorable classical cardiovascular risk profile, had a
three-fold increase in carotid atherosclerotic plaque.
The relationship between RA and carotid atherosc-
lerotic plaque remained significant after accounting
for age, serum cholesterol levels, smoking history,

overall p=0.002 overall p=0.24
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FIGURE 1: Comparisons of IMT (A) and MMP-9 (B) levels from patients with
RA and control. Boxes show the range of first and third quartiles and extreme
values, horizontal bars represent median values.
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and hypertensive status in their study.® Our results
are comparable and support the hypotheses that the
clinical course of RA is associated with preclinical
atherosclerosis, independent of known cardiovas-
cular risk factors, and disease severity associated
with chronic inflammation are atherogenic in RA.%?
In addition, our results demonstrated that serum
LDL levels were significantly lower in inactive RA
patients than controls, while serum LDL levels we-
re comparable in active RA patients and controls. In
the medical literature, some studies showed signifi-
cant elevation in serum LDL levels when compared
to controls, but some others did not.!%!® Two diffe-
rent studies from Turkey demonstrated that serum
LDL levels were similar between RA patients and
healthy subjects.' Initial lipid profile in active RA
patients improved after successful therapy."! Hence,
our results might be explained by the effect of suc-
cessful RA therapy in the lipid profile of active RA
patients. Furthermore, since inactive RA patients
had also higher carotid-IMT than controls despite
lower serum LDL levels, our result supported previ-
ous studies suggesting that RA patients had an acce-
lerated atherosclerosis independent of classical risk
factors for cardiovascular disease.?®

The results of the present study disclosed that
serum levels of MMP-9 cannot be used as a reliab-
le predictive factor to assess disease severity, active
inflammation, or accelerated atherosclerosis of RA.
An ideal “surrogate marker of disease” should ref-
lect ongoing active inflammation and atheroscle-
rosis even in patients receiving disease-modifying
drugs. MMPs are locally expressed key regulators
in the pathobiological basis of RA.'*!> Once criti-
cally controlled cell migration with MMPs is lost,
inflammatory cell migration facilitates disease pro-
gression in RA.'® However, the basic functions of
MMPs mainly take place in the local RA synovium
and other extraarticular local microenvironments.
Several previous studies proposed that circulating
levels of MMPs may reflect the disease activity of
RA.">7 However, MMP levels are affected from the
disease-modifying drugs of RA, such as NSAIDs
and TNF blockers.'®!° Disease course of RA and at-
herosclerotic process may exhibit alterations in dis-
tinct populations.” These reasons might explain the
abcense of any association with serum MMP-9 le-
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vels and disease severity, active inflammation, or
accelerated atherosclerosis in this study.

The association of RA with accelerated athe-
rosclerosis may be interrelated with the systemic
characteristic inflammatory load of RA and the ac-
cumulation of classical cardiovascular risk factors .
There are limited data regarding the benefits of car-
diovascular risk reduction therapies in RA.2! En-
dothelial injury/dysfunction, an early step in the
atherogenesis, is observed in RA.? Increased caro-
tid intima-media thickness and carotid plaques vi-
a high-resolution B-mode ultrasound studies of
carotid arteries have shown the presence of subcli-
nical atherosclerosis in RA.? Inflammation affects

Serhat ISIK et al

the mechanisms of vulnerable plaque in atherosc-
lerosis plaque.* Since RA is a systemic inflamma-
tory status, the involvement of inflammatory
mediators, in connection with prothrombotic fac-
tors and endothelial dysfunction in the develop-
ment of atherosclerosis in RA should be searched.
Further clinical and experimental studies are requ-
ired to detect missing links in the cardiovascular
risk stratification algorithms and complicated inf-
lammatory course of RA.
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