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Circulating Matrix Metalloproteinase-9
Concentrations Do Not Indicate Ongoing

Inflammation and Accelerated
Atherosclerosis in Rheumatoid Arthritis

AABBSS  TTRRAACCTT  OObb  jjeecc  ttii  vvee::  The aim of the pre sent study was to eva lu a te the po ten ti al ro les of 
mat rix me tal lop ro te i na se-9 in the de ve lop ment of ac ce le ra ted at he ro ge ne sis and ac ti ve syste -
mic inf lam ma ti on in rhe u ma to id art hri tis pa ti ents. MMaa  ttee  rrii  aall  aanndd  MMeett  hhooddss:: Fo urty-se ven rhe u -
ma to id art hri tis pa ti ents (38 wo men, 9 men) and 20 he althy con trols (15 wo men, 5 men) 
we re inc lu ded. Rhe u ma to id art hri tis pa ti ents we re di vi ded in to two sub gro up as ac ti ve (20 wo -
men and 4 men) and inac ti ve (18 wo men and 5 men) di se a se. Enz yme-lin ked im mu nosor bent
as say kit with mo noc lo nal an ti bo di es aga inst the subs tan ce was used to me a su re plas ma mat rix
me tal lop ro te i na se-9 le vels. Ca ro tid in ti ma me di a thick ness of the sub jects we re me a su red by
high  re so lu ti on B-mo de ul tra so und and a ave ra ge-in ti ma me di a thick ness (right plus left in ti -
ma me di a thick ness di vi ded by 2) va lu e was cal cu la ted for each sub ject. RRee  ssuullttss::  Inac ti ve and
ac ti ve rhe u ma to id art hri tis pa ti ents had sig ni fi cantly hig her me di an ave ra ge-in ti ma me di a
thick ness  com pa red to con trol gro up (p= 0.003 and p= 0.001, res pec ti vely). Me di an ave ra ge-
in ti ma me di a thick ness did not dif fer bet we en ac ti ve and inac ti ve rhe u ma to id art hri tis pa ti -
ents. Me di an mat rix me tal lop ro te i na se-9 le vels did not dif fer bet we en stu di ed gro ups. The re
was no cor re la ti on bet we en mat rix me tal lop ro te i na se-9 le vels and ave ra ge-in ti ma me di a thick -
ness. Mat rix me tal lop ro te i na se-9 did not cor re la te with eryt hrocy te se di men ta ti on ra te, C-re -
ac ti ve pro te in and di se a se ac ti vity sco re 28. CCoonncc  lluu  ssii  oonn::  Rhe u ma to id art hri tis is as so ci a ted with
in cre a sed ca ro tid in ti ma me di a thick ness which is a sign of ac ce le ra ted at he rosc le ro sis ho we -
ver, fin dings of the pre sent study do es not sug gest a ro le for mat rix me tal lop ro te i na se-9 in this
pro cess.   

KKeeyy  WWoorrddss::  Mat rix me tal lop ro te i na se 9; art hri tis, rhe u ma to id

ÖÖZZEETT  AAmmaaçç::  Ro ma to id ar trit has ta la rın da ak tif sis te mik inf la mas yon ve hız lan mış ate rosk le roz
ge li şi min de mat riks me tal lop ro te i naz-9 (MMP-9)’un po tan si yel ro lü nün in ce len me si. GGee  rreeçç  vvee
YYöönn  tteemm  lleerr::  Kırk yedi (38 ka dın, 9 er kek) romatoid artrit has ta sı ve 20 (15 ka dın, 5 er kek) sağ -
lık lı kon trol ça lış ma ya da hil edil di. Romatoid artrit has ta la rı ak tif (20 ka dın, 4 er kek) ve inak-
tif (18 ka dın, 5 er kek) ola rak 2 alt gru ba ay rıl dı. Plaz ma MMP-9 dü zey le ri MMP-9 ELI SA ki ti
kul la nı la rak öl çül dü. Ka ro tis in ti ma-me di a ka lın lı ğı yük sek çö zü nür lük lü B-mo de ul tra so nog -
ra fi ci ha zi kul la nı la rak öl çül dü. Sağ ve sol ka ro tis ar te re ait öl çüm ler top la na rak 2’ye bö lün dü
ve her bir has ta için or ta la ma de ğer ler bu lun du. BBuull  gguu  llaarr::  Ak tif ve inak tif romatoid artrit has-
ta la rı kon trol gru bu ile kar şı laş tı rıl dığın da an lam lı dü zey de da ha yük sek me di an in ti ma me di -
a ka lın lık la rı na sa hip ler di (p de ğer le ri sı ra sı ile; 0.003 ve 0.001). Ak tif ve inak tif romatoid artrit
has ta la rın da ise me di an in ti ma me di a ka lın lık la rı ara sın da an lam lı fark yok tu. Her üç grup ta
da me di an MMP-9 se vi ye le ri ben zer di. MMP-9 se vi ye le ri ile in ti ma me di a ka lın lı ğı, erit ro sit se-
di men tas yon hı zı, C-re ak tif pro te in ve romatoid artrit has ta lık ak ti vi te si ara sın da an lam lı bir ko-
re las yon sap tan ma dı. SSoo  nnuuçç::  Ro ma to id ar trit, hız lan mış ate rosk le ro zun bir işa re ti olan art mış
ka ro tis in ti ma me di a ka lın lı ğı ile iliş ki li bir has ta lık ol mak la be ra ber, MMP-9’un bu olay da her-
han gi bir ro lün den söz edi le memek te dir.  

AAnnaahh  ttaarr  KKee  llii  mmee  lleerr:: Mat riks me tal lop ro te i naz 9; ar trit, ro ma to id 
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he u ma to id art hri tis (RA) is a chro nic syste -
mic au to im mu ne rhe u ma tic di sor der, cha r-
ac te ri zed by inf lam ma ti on, syno vi al

hyperp la si a and des truc ti on of the af fec ted jo ints.
The cel lu lar ac ti va ti on of ag gres si vely gro wing,
mat rix-deg ra ding syno vi al fib rob lasts is a pro mi -
nent fe a tu re in the pat ho bi o logy of RA.1 Jo int des -
truc ti on in RA is me di a ted by the at tacks of
nu me ro us enz ymes such as se ri ne pro te a ses, cat -
hep sins, and the mat rix me tal lop ro te i na ses
(MMPs).1 MMPs are a fa mily of enz ymes that deg -
ra de dif fe rent com po nents of ex tra cel lu lar mat rix.
Alt ho ugh MMPs play an im por tant ro le in nor mal
physi o lo gic pro ces ses such as ma in ta i ning tis su e re-
mo de ling and re ge ne ra ti on, the ir ex ces si ve ex pres -
si on deg ra de non-col la gen mat rix com po nents of
the jo ints as in RA.1,2

At he rosc le ro sis is an on go ing long-term pat -
ho lo gi cal pro cess as so ci a ted with the inf lam ma ti -
on in the co ur se of RA. Pa ti ents with RA ha ve
abo ut fo ur ti mes in cre a sed risk of de ve lo ping pre-
ma tu re car di o vas cu lar di se a ses, which co uld oc -
cur even in the ab sen ce of the clas si cal risk fac tors
as so ci a ted with the at he rosc le ro sis.3 Hu man ca ro -
tid at he rosc le ro tic pla qu es are rich in fo amy mac -
rop ha ges, which are al so fo und in the li ning la yers
and sub li ning are as of RA syno vi um. The mac rop -
ha ges are in vol ved in the in duc ti on of MMP-9
(Ge la ti na se B) which con tri bu te to car ti la ge des -
truc ti on in RA and ex tra cel lu lar mat rix deg ra da -
ti on in at he rosc le ro sis.4 The aim of the pre sent
study was to eva lu a te the po ten ti al imp li ca ti on of
MMP-9 in the de ve lop ment of ac ce le ra ted at he -
ro ge ne sis and ac ti ve syste mic inf lam ma ti on in RA
pa ti ents. 

MA TE RI AL AND MET HODS 

PA TI ENTS AND CON TROLS

Fo urty-se ven RA pa ti ents (38 wo men, 9 men), and
20 he althy con trols (15 wo men, 5 men) we re inc -
lu ded in the study. All RA pa ti ents ful fil led the
1987 Ame ri can Rhe u ma tism As so ci a ti on cri te ri a.5

All sub jects we re yo un ger than 60 ye ars at the ti me
of the en roll ment. In the RA pa ti ents, di se a se ac ti -
vity was as ses sed by di se a se ac ti vity sco re 28

(DAS28) and the sco re ≤ 3.2 was con si de red inac ti -
ve di se a se.6 Thus, RA pa ti ents we re di vi ded in to
two sub gro ups as ac ti ve and inac ti ve RA. 24 pa ti -
ents (20 wo men, 4 men) had ac ti ve RA and 23 pa-
ti ents (18 wo men, 5 men) had inac ti ve RA. 

The exc lu si on cri te ri a inc lu ded; age ol der than
60 ye ars, ma lig nancy, chro nic re nal fa i lu re, di a be -
tes mel li tus, im pa i red fas ting glu co se, im pa i red glu-
co se to le ran ce (fas ting glu co se ≥100 mg/dL and
OGTT se cond ho ur glu co se ≥140 mg/dL), his tory of
ce reb ro vas cu lar di se a se, pe rip he ric ar te ral di se a se,
co ro nary ar te ri al di se a se and  un con trol led ar te ri -
al hi per ten si on (systo lic pres su re > 140 mmHg
and/or di as to lic pres su re > 90 mmHg). 

The Et hics Com mit te e of Ga zi Uni ver sity 
Faculty of Scho ol ap pro ved the study. Writ ten in-
for med con sent was ob ta i ned from all sub jects. 

ME A SU RE MENT OF PLAS MA MMP CON CEN TRA TI ON

Blo od samp les we re ta ken from pe rip he ral ve ins af -
ter an over night fast and col lec ted in ice-cold va c-
u um glass tu bes con ta i ning ED TA. Then, the
plas ma was se pa ra ted by cen tri fu ga ti on at 3000 rpm
for 10 min at 4°C. The se samp les we re im me di a tely
fro zen and sto red at - 80°C. Enz yme-lin ked im mu -
no Sor bent as say (ELI SA) kit with mo noc lo nal an-
ti bo di es aga inst the subs tan ce (Ray Bi o® Hu man
MMP-9 ELI SA Kit) was used to me a su re plas ma
MMP-9 le vels ac cor ding to the ins truc ti ons pro vi -
ded by the ma nu fac tu rer. The sen si ti vity of ELI SA
for MMP-9 was 0.001 ng/mL. The MMP-9 as say
was do ne in dup li ca te and the me an in tra-as say co-
ef fi ci ent of va ri a ti on and me an in te ras say co ef fi ci -
ent of va ri a ti on for both the as says we re 10% and
12%, res pec ti vely.7

VAS CU LAR DI SE A SE ME A SU RE MENTS

Ca ro tid in ti ma me di a thic ke ning (IMT) of the sub-
jects we re me a su red by high re so lu ti on B-mo de US
by a sing le ex pe ri en ced exa mi ner who was blin ded
to the cli ni cal and bi oc he mi cal da ta. All pa ti ents
we re eva lu a ted by high-re so lu ti on ul tra so und
using the Lo giq 9 system (GE Me di cal Systems,
Mil wa u ke e, WI) and a 7.5 MHz li ne ar ar ray trans-
du cer. IMT of the right and left com mon ca ro tid
ar te ri es we re me a su red wit hin the 1 cm seg ment
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pro xi mal to the di la ta ti on of the ca ro tid bulb at sa -
git tal pla nes. Pa ti ents and con trols we re exa mi ned
in su pi ne po si ti on with the neck ex ten ded and the
chin tur ned con tra la te ral to the si de be ing exa mi -
ned. IMT was me a su red in the right and left com-
mon ca ro tid ar tery at the le vel of ca ro tid
bi fur ca ti on in the pos te ri or wall, and the me ans of
both va lu es we re cal cu la ted. All me a su re ments we -
re ma de ma nu ally on di gi ti zed still ima ges that we -
re ob ta i ned du ring ul tra so und scan ning. The
ca ro tid pla qu es we re exc lu ded whi le me a su ring
IMT. A ave ra ge IMT  (right plus left IMT di vi ded
by 2) va lu e was cal cu la ted for each sub ject.

STA TIS TI CAL ANALY SIS

Da ta are ex pres sed as me di an (in ter qu ar ti le ran ge =
IQR). Qu an ti ta ti ve va ri ab le we re com pa red using
Krus kal Wal lis test. If p va lu e was less than 0.05,
we used the Mann-Whit ney U test on each pa ir of
gro ups and ad jus ted the p va lu e with the Bon fer -
ro ni. The re fo re, a p va lu e of less than 0.016 was
con si de red sta tis ti cally sig ni fi cant. Spe ar man cor-

re la ti on co ef fi ci ent was used for cor re la ti on analy-
sis. 

RE SULTS

Cha rac te ris tics of the pa ti ents and con trols are de-
pic ted in Tab le 1. Age, sex, body mass in dex (BMI)
and risk fac tors for at he rosc le ro sis we re si mi lar be-
t we en gro ups. Eryt hrocy te se di men ta ti on ra te
(ESR) and C-re ac ti ve pro te in (CRP) le vels we re
hig hest in the ac ti ve RA, and inac ti ve RA had hig -
her va lu es com pa red to con trols. In pa i red com pa -
ri sons, only ac ti ve RA gro up com pa red with both
inac ti ve RA and con trol gro ups re ac hed sta tis ti cal
sig ni fi can ce. All li pid pa ra me ters ex cept for low
den sity li pop ro te in (LDL) we re si mi lar in all thre e
gro ups. LDL le vels we re the hig hest in the con trols,
and ac ti ve RA had hig her le vel com pa red to inac -
ti ve RA. The re was sig ni fi cant dif fe ren ce only be-
t we en inac ti ve RA and con trol gro ups. Fib ri no jen
and ho moscy ste i ne le vels we re si mi lar in all thre e
gro ups. P va lu es from ove rall and pa i red com pa ri -
sons are gi ven in Tab le 1.

TABLE 1: Characteristics of patient and control groups.

*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). † 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.

Median (IQR) Active RA Inactive RA Control p (overall)

Disease duration (years) 5(2-7) 4(1-6) - 0.242

Sex (Female/male) 20/4 18/5 15/5 0.724

Age (year) 50 (41-55) 51 (37-58) 46 (42-52) 0.443

BMI (kg/m2) 26 (24-27.7) 27 (25-30) 27 (25-28) 0.522

ESR (mm/hour) 31 (24-40) 21 (12-26) 12 (9-19) < 0.001*

CRP (mg/dL) 5 (0-27) Negative Negative -

DAS28 4 (3.5-4.58) 2.3 (2.08-2.68) - < 0.001

Fibrinogen (mg/dL) 387 (292-424) 305 (268-345) - 0.054

Total cholesterol (mg/dL) 190 (179-214) 182 (165-199) 207 (171-248) 0.132

LDL (mg/dL) 117 (102-136) 99 (89-123) 137 (102-153) 0.034†

HDL (mg/dL) 48 (44-55) 55 (47-64) 47 (43-57) 0.118

Triglyceride (mg/dL) 121 (100-143) 122 (90-137) 101 (80-151) 0.784

Lp (a) (mg/dL) 16.1 (9.9-24.2) 16.8 (9.9-22.2) 16 (10.2-34.2) 0.922

Homocysteine (µmol/L) 8.7 (7.4-11.8) 8.9 (7.5-12.2) 11.6 (8.6-14.6) 0.170

Smoking 6 (%25) 5 (%21.7) 6 (%30) 0.824

Family history 3 (%12.5) 6 (%26.1) 5 (%25) 0.286

Hypertension 5 (%20.8) 7 (%30.4) 5 (%25) 0.751

Hyperlipidemia 7 (%29.2) 4 (%17.4) 5 (%25) 0.633

RF positivity 14 (%58.3) 15 (%65.2) - 0.631
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Inac ti ve RA pa ti ents had the hig hest me di an
ave ra ge-IMT va lu es, and ac ti ve RA pa ti ents had
hig her va lu es com pa red to con trols (0.81 (0.71-
0.94), 0.78 (0.70-0.97), 0.61 (0.53-0.78) res pec ti -
vely; ove rall p= 0.002). In pa i red com pa ri sons,
alt ho ugh both RA gro ups had sig ni fi cantly hig her
me di an ave ra ge-IMT com pa red to con trol gro up,
the dif fe ren ce bet we en ac ti ve and inac ti ve RA gro -
ups was not sta tis ti cally sig ni fi cant (Fi gu re 1A).
Me di an MMP-9 le vels did not dif fer bet we en gro -
ups (2.87 (1.54-3.10), 3.01 (1.14-3.08), 3.06 (1.98-
3.23), res pec ti vely; ove rall p= 0.24) (Fi gu re 1B). 

The re was no cor re la ti on bet we en MMP-9 le -
vel and ave ra ge-IMT when all sub jects we re inc lu -
ded in the analy sis (r= 0.011, p= 0.93) as well as when
only RA pa ti ents we re analy zed (r= 0.153, p= 0.30).
In ad di ti on, we did not find any as so ci a ti on bet we en
MMP-9 le vel and ESR (r= 0.078 p= 0.60), CRP (r=
0.096, p= 0.052) or DAS28 (r= 0.002, p= 0.98). 

DIS CUS SI ON

Rhe u ma to id art hri tis, ac ti ve or inac ti ve, is as so ci a -
ted with in cre a sed ca ro tid in ti ma-me di a thic ke ning
which is a sign of ac ce le ra ted at he rosc le ro sis. Fin d-
ings of the study do es not sug gest a ro le for MMP-9
in this pro cess. Ro man and co wor kers re cently de -
mons tra ted that pa ti ents with RA, des pi te a mo re fa-
vo rab le clas si cal car di o vas cu lar risk pro fi le, had a
thre e-fold in cre a se in ca ro tid at he rosc le ro tic pla que.
The re la ti ons hip bet we en RA and ca ro tid at he rosc -
le ro tic pla qu e re ma i ned sig ni fi cant af ter ac co un ting
for age, se rum cho les te rol le vels, smo king his tory,

and hyper ten si ve sta tus in the ir study.8 Our re sults
are com pa rab le and sup port the hypot he ses that the
cli ni cal co ur se of RA is as so ci a ted with prec li ni cal
at he rosc le ro sis, in de pen dent of  known car di o vas -
cu lar risk fac tors, and di se a se se ve rity as so ci a ted
with chro nic inf lam ma ti on are at he ro ge nic in RA.8,9

In ad di ti on, our re sults de mons tra ted that se rum
LDL le vels we re sig ni fi cantly lo wer in inac ti ve RA
pa ti ents than con trols, whi le se rum LDL le vels we -
re com pa rab le in ac ti ve RA pa ti ents and con trols. In
the me di cal li te ra tu re, so me stu di es sho wed sig ni fi -
cant ele va ti on in se rum LDL le vels when com pa red
to con trols, but so me ot hers did not.10-13 Two dif fe -
rent stu di es from Tur key de mons tra ted that se rum
LDL le vels we re si mi lar bet we en RA pa ti ents and
he althy sub jects.12,13 Ini ti al li pid pro fi le in ac ti ve RA
pa ti ents im pro ved af ter suc cess ful the rapy.11 Hen ce,
our re sults might be exp la i ned by the ef fect of suc-
cess ful RA the rapy in the li pid pro fi le of ac ti ve RA
pa ti ents. Furt her mo re, sin ce inac ti ve RA pa ti ents
had al so hig her ca ro tid-IMT than con trols des pi te
lo wer se rum LDL le vels, our re sult sup por ted pre vi -
o us stu di es sug ges ting that RA pa ti ents had an ac ce -
le ra ted at he rosc le ro sis in de pen dent of clas si cal risk
fac tors for car di o vas cu lar di se a se.8

The re sults of the pre sent study disc lo sed that
se rum le vels of MMP-9 can not be used as a re li ab -
le pre dic ti ve fac tor to as sess di se a se se ve rity, ac ti ve
inf lam ma ti on, or ac ce le ra ted at he rosc le ro sis of RA.
An ide al “sur ro ga te mar ker of di se a se” sho uld ref -
lect on go ing ac ti ve inf lam ma ti on and at he rosc le -
ro sis even in pa ti ents re ce i ving di se a se-mo dif ying
drugs. MMPs are lo cally ex pres sed key re gu la tors
in the pat ho bi o lo gi cal ba sis of RA.14,15 On ce cri ti -
cally con trol led cell mig ra ti on with MMPs is lost,
inf lam ma tory cell mig ra ti on fa ci li ta tes di se a se pro-
g res si on in RA.16 Ho we ver, the ba sic func ti ons of
MMPs ma inly ta ke pla ce in the lo cal RA syno vi um
and ot her ex tra ar ti cu lar lo cal mic ro en vi ron ments.
Se ve ral pre vi o us stu di es pro po sed that cir cu la ting
le vels of MMPs may ref lect the di se a se ac ti vity of
RA.15,17 Ho we ver, MMP le vels are af fec ted from the
di se a se-mo dif ying drugs of RA, such as NSA IDs
and TNF bloc kers.18,19 Di se a se co ur se of RA and at -
he rosc le ro tic pro cess may ex hi bit al te ra ti ons in dis-
tinct po pu la ti ons.20 The se re a sons might exp la in the
ab cen se of any as so ci a ti on with se rum MMP-9 le -

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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vels and di se a se se ve rity, ac ti ve inf lam ma ti on, or
ac ce le ra ted at he rosc le ro sis in this study. 

The as so ci a ti on of RA with ac ce le ra ted at he -
rosc le ro sis may be in ter re la ted with the syste mic
cha rac te ris tic inf lam ma tory lo ad of RA and the ac-
cu mu la ti on of clas si cal car di o vas cu lar risk fac tors .
The re are li mi ted da ta re gar ding the be ne fits of car-
di o vas cu lar risk re duc ti on the ra pi es in RA.21 En-
dot he li al in jury/dysfunc ti on, an early step in the
at he ro ge ne sis, is ob ser ved in RA.22 In cre a sed ca ro -
tid in ti ma-me di a thick ness and ca ro tid pla qu es vi -
a high-re so lu ti on B-mo de ul tra so und stu di es of
ca ro tid ar te ri es ha ve shown the pre sen ce of subc li -
ni cal at he rosc le ro sis in RA.23 Inf lam ma ti on af fects

the mec ha nisms of vul ne rab le pla qu e in at he rosc -
le ro sis pla qu e.24 Sin ce RA is a syste mic inf lam ma -
tory sta tus, the in vol ve ment of inf lam ma tory
me di a tors, in con nec ti on with prot hrom bo tic fac-
tors and en dot he li al dysfunc ti on in the de ve lop -
ment of at he rosc le ro sis in RA sho uld be se arc hed.
Furt her cli ni cal and ex pe ri men tal stu di es are re qu -
i red to de tect mis sing links in the car di o vas cu lar
risk stra ti fi ca ti on al go rithms and comp li ca ted inf -
lam ma tory co ur se of RA.
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