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Decreased Serum Matrix
Metalloproteinase-2 Levels in Early Hours

of Acute Myocardial Infarcts

AABBSS  TTRRAACCTT  OObbjjeeccttiivvee:: Matrix metalloproteinases (MMP), which are stimulated by proinflammatory cy-
tokines, play a role in the development of coronary artery diseases. The aim of the present study was to
investigate the serum concentrations of matrix metalloproteinase-2 (MMP-2), interleukin-6 and high
sensitive C-reactive protein (hs-CRP) before any treatment and to determine any possible relationships
between these markers in patients with newly diagnosed acute myocardial infarction (AMI). MMaatteerriiaall
aanndd  MMeetthhooddss:: In order to determine the differences in the early hours of AMI and to prevent the in-
terference of drugs used for treatment, patients (n= 54) were selected from the individuals who admit-
ted to emergency department no more than one hour after they felt a chest pain and diagnosed as AMI
by clinical symptoms, electrocardiographic changes and biochemical markers. Venous blood samples of
patients were taken before starting any treatment. The control group (n= 30) had no history of cardio-
vascular, neoplastic, infectious or autoimmune disease that may affect serum MMP-2 levels. Serum lev-
els of MMP-2 and interleukin-6 were measured with ELISA, hs-CRP with chemiluminescent methods.
RReessuullttss::  There was no difference in age and body mass index between patient and control groups (p>
0.05). Serum interleukin-6 and hs-CRP levels of the patient group were significantly higher (p< 0.05)
while MMP-2 levels were significantly lower compared to the controls (p< 0.05). A significant corre-
lation was found between IL-6 and hs-CRP levels in the patient group (r= 0.580, p< 0.05). CCoonncclluussiioonn::
Decreased levels of MMP-2 in AMI patients before any medication may be mainly associated with pa-
tient selection criteria and the time of infarction. Further research on serum MMP-2 levels can provide
useful information on tissue remodelling of the post-infarction period.  

KKeeyy  WWoorrddss::  Matrix metalloproteinase 2; interleukin-6; C-reactive protein; myocardial infarction 

ÖÖZZEETT  AAmmaaçç::  Pro inf la ma tu ar si to kin ler ta ra fın dan sti mü le edi len mat riks me tal lop ro te i naz lar (MMP)
ko ro ner ar ter has ta lık la rı nın ge li şi min de rol oy nar. Bu ça lış ma da, ye ni ta nı kon muş akut mi yo kard
in fark tüs lü (AMI) has ta lar da te da vi ön ce si se rum MMP-2, in ter lö kin-6 (IL-6) ve yük sek du yar lı C-
re ak tif pro te in (hs-CRP) dü zey le ri nin be lir len me si ve bu be lir teç ler ara sın da ola sı iliş ki le rin tes pit
edil me si amaç lan dı. GGee  rreeçç  vvee  YYöönn  tteemm  lleerr::  AMI son ra sı er ken dö nem de ği şik lik le ri ni be lir le mek ve
kul la nı la cak ilaç la rın in ter fe ran sı nı ön le mek ama cıy la, acil ser vi se gö ğüs ağ rı sı baş la dık tan son ra bir
sa at ten faz la za man geçirmeden başvuran has ta lar (n= 54), kli nik semp tom lar, elek tro kar di yog ra fik
de ği şik lik ler ve bi yo kim ya sal be lir teç ler ile AMI teş hi si alan lar ara sın dan se çil di. Has ta la rın ve nöz kan
ör nek le ri her han gi bir te da vi ye baş la ma dan ön ce alın dı. Kon trol gru bu nun (n= 30) se çi min de se rum
MMP-2 dü zey le ri ni et ki le ye bi le cek kar di yo vas kü ler, ne op las tik, en fek si yöz ve oto im mün bir has ta -
lık bu lun ma ma sı na dik kat edil di. Se rum MMP-2 ve IL-6 dü zey le ri ELI SA, hs-CRP dü zey le ri ke mi -
lu mi ni sans yön tem le öl çül dü. BBuull  gguu  llaarr::  Yaş ve beden kit le in dek si açı sın dan has ta ve kon trol grup la rı
ara sın da an lam lı bir fark yok tu (p> 0.05). Has ta gru bu nun se rum IL-6 ve hs-CRP dü zey le ri kon trol
gru bu na gö re an lam lı ola rak yük sek iken (p< 0.05), MMP-2 dü zey le ri an lam lı ola rak dü şük tü (p<
0.05). Has ta gru bun da IL-6 ve hs-CRP ara sın da an lam lı bir iliş ki sap tan dı (sı ra sıy la; r= 0.580, p< 0.05). 
SSoo  nnuuçç::  AMI has ta la rın da te da vi ön ce si el de edi len dü şük MMP-2 dü zey le ri baş lı ca has ta se çim kri -
ter le ri ve AMI son ra sı ge çen kı sa sü re ile iliş ki li ola bi lir. MMP-2 dü zey le ri ile ya pı la cak ile ri ça lış ma -
lar in fark tüs son ra sı dö nem de mey da na ge len yeniden yapılanma hak kın da ya rar lı bil gi ler ve re bi lir.

AAnnaahh  ttaarr  KKee  llii  mmee  lleerr:: Matriks metalloproteinaz 2; interlökin-6; C-reaktif protein; miyokard infarktüsü
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cu te myo car di al in farc ti on (AMI) is an ir re-
ver sib le myo car di al nec ro sis as a re sult of
pro lon ged isc he mi a.1 Ex pe ri ments de mon-

s tra ted that in ter le u kin-6 (IL-6) synthe sis is ra pidly
in du ced in mo no nuc le ar cells and car di om yocy tes
of the isc he mic myo car di um.2 IL-6 cyto ki ne and
it’s sig nal ling events ha ve be en shown to con tri bu -
te to both, at he rosc le ro tic pla qu e de ve lop ment and
pla qu e des ta bi li sa ti on vi a va ri ety of mec ha nisms.3

In res pon se to inf lam ma tory sig nals, CRP de po sits
in in farct are a and lo cally ac ti va te the comp le ment
cas ca de.1 Comp le ment ac ti va ti on may play an im-
por tant ro le in me di a ting ne ut rop hil and mo nocy -
te rec ru it ment in the in ju red myo car di um which
ap pe ars to be par ti cu larly im por tant du ring the first
ho ur of re per fu si on.1 CRP was fo und to ha ve prog-
nos tic va lu e even among pa ti ents with ne ga ti ve
car di ac tro po nin and pa ti ents with ele va ted plas ma
con cen tra ti ons of CRP ha ve hig her ra te of de ath.4

Mat rix me tal lop ro te i na ses (MMPs) are pro te -
ins that par ti ci pa te in ex tra cel lu lar mat rix (ECM)
deg ra da ti on which are sti mu la ted by pro inf lam -
ma tory cyto ki nes such as IL-6 and are tho ught to
ha ve im por tant func ti ons in tis su e re pa ir and re-
mo del ling.5 MMP ac ti vity is in hi bi ted by tis su e in-
hi bi tors of me tal lop ro te i na ses (TIMPs). MMP-2
(ge la ti na se A) which be longs to ge la ti na se sub gro -
up of MMP fa mily, di gest the de na tu red col la gens
and ge la tins.6 MMPs play a ro le in co ro nary ar tery
di se a se (CAD) in the as pects of both at he rosc le ro -
tic pla qu e and myo car di um af ter myo car di al in farc-
ti on.5 It was de mons tra ted that plas ma MMP-9
le vels we re ele va ted in the in farc ted zo ne af ter my-
o car di al in farc ti on and cor re la ted to the se ve rity of
co ro nary at he rosc le ro tic pla qu es, the pre sen ce of
pla qu e rup tu re and the sur vi val ra te af ter suc cess -
ful car di o pul mo nary re sus ci ta ti on.5 Li ke wi se, it has
be en re por ted that MMP-2 le vels are sig ni fi cantly
ele va ted in pa ti ents with acu te co ro nary syndro -
mes (ACS).7,8 Whi le no dif fe ren ce in MMP-2 le vels
was sta ted in so me stu di es, a sig ni fi cant dec re a se
was ob ser ved in ot her ones.9,10

The aim of this study was to de ter mi ne se rum
MMP-2, IL-6 and hs-CRP le vels and any pos sib le
cor re la ti ons bet we en the se mar kers in newly di ag -
no sed AMI pa ti ents be fo re any me di ca ti on who ad-

mit ted to emer gency de part ment in early ho urs of
myo car di al in farc ti on.

MATERIAL AND METHODS
STUDY PO PU LA TI ON

In or der to de ter mi ne the dif fe ren ces in the early
ho urs of AMI and to pre vent the in ter fe ren ce of
drugs used for tre at ment, pa ti ents we re se lec ted
from the in di vi du als who ad mit ted to emer gency
de part ment no mo re than one ho ur af ter they felt
a chest pa in and di ag no sed as AMI by cli ni cal
symptoms, elec tro car di og rap hic chan ges and bi oc -
he mi cal mar kers. Pa ti ent gro up con sis ted of 54 in-
di vi du als with AMI (42 ma le, 12 fe ma le) and 30
in di vi du als (17 ma le, 13 fe ma le) ser ved as the con-
trol gro up. Pa ti ents with con co mi tant di se a ses li ke
di a be tes mel li tus, hyper ten si on and dysli pi de mi a
we re re cor ded and con trol gro up was matc hed for
the sa me ra ti o of the se chro nic di se a ses. The 
con trol gro up had no his tory of car di o vas cu lar, ne -
op las tic, in fec ti o us or au to im mu ne di se a se. Con-
trols using ste ro ids, nons te ro id an ti-inf lam ma tory
drugs wit hin last we ek or ha ving an inf lam ma tory
con di ti on we re exc lu ded from the study. The study
was ap pro ved by the lo cal et hics com mit te e and a
writ ten in for med con sents were ob ta i ned from the
pa ti ents and the con trols. 

LA BO RA TORY ANALY SES

Be fo re star ting any me di ca ti on, ve no us blo od sam-
p les of pa ti ents we re col lec ted from the an te cu bi -
tal ve in in 8 mL eva cu a ted tu bes wit ho ut
an ti co a gu lant (Va cu et te, Gre i ner Bi o-One, Aus tri -
a). The use of ED TA was avo i ded du e to con cerns
abo ut in te rac ti ons bet we en ED TA and zinc in
MMP-2. Each blo od samp le was cen tri fu ged at
3000 rpm for 10 mi nu tes in ro om tem pe ra tu re wit -
hin an ho ur. Af ter cen tri fu ga ti on, the se rum sam-
p les we re fro zen and sto red at -80°C un til the
analy sis. Re pe a ted fre e zing and tha wing pro cess
weren’t performed.

Se rum MMP-2 le vels we re de ter mi ned by an
ELI SA kit which is spe ci fic for MMP-2, ac cor ding
to ma nu fac tu rer’s ins truc ti ons (Amers ham Bi os ci -
en ces UK Ltd, Buc king hams hi re, UK). The analy ti -
cal sen si ti vity was 0.37 ng/mL. Wit hin-run CV was
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me a su red be low 6.4%. Bet we en-run CV was me a -
su red be low 12.3%. Se rum IL-6 le vels we re as ses -
sed by so lid pha se Enz yme Amp li fi ed Sen si ti vity
Im mu no as say (EA SI A) (Bi o So ur ce Eu ro pe S.A, Bel-
gi um). The analy ti cal sen si ti vity was 2 pg/mL. Wit -
hin-run and bet we en-run CV’s we re me a su red
be low 5.7% and 7.6%, res pec ti vely. Se rum hs-CRP
le vels we re analy zed on Im mu li te 1000 analy zer
(Si e mens He alt hca re Di ag nos tics,, De er fi eld, IL,
USA) with im mu li te kits using so lid pha se, che mi -
lu mi ne sen ce im mu no met ric met hod. Analy ti cal
sen si ti vity was 0.01 mg/dL. Wit hin-run pre ci si on
CV was be low 6.5% and to tal pre ci si on CV was be -
low 10.1%. 

STA TIS TICS

Sta tis ti cal analy sis of da ta was per for med by Sta tis -
ti cal Pac ka ge for So ci al Sci en ces (SPSS, ver si on
11.0). Nor ma lity was as ses sed using the Kol mo go -
rov-Smir nov test. Mann Whit ney-U test was used
to com pa re hs-CRP and IL-6 bet we en two gro ups
sin ce they we re not nor mally dis tri bu ted. The me-
di an le vels and per cen ti les of hs-CRP and IL-6 we -
re cal cu la ted. MMP-2 was nor mally dis tri bu ted and
in de pen dent samp les t-test was used to com pa re
the me ans of pa ti ent and con trol gro ups. Spe ar -
man’s cor re la ti on co ef fi ci ent (r) was used to de ter -
mi ne the cor re la ti on bet we en the pa ra me ters.
Re por ted p va lu es we re ba sed on two si ded tests
and p< 0.05 was ac cep ted as the le vel of sig ni fi can -
ce. Da ta are pre sen ted as me an ± SD or me di an
(25%-75% per cen ti les).

RESULTS
A to tal num ber of 84 ca ses; 54 AMI pa ti ents (with a
me an age of 62.4 ± 13.2) and 30 con trol sub jects
(with a me an age of 64.4 ± 7.7) we re inc lu ded to our
study. The me an age and BMI we re not sig ni fi cantly
dif fe rent bet we en the two gro ups (p> 0.05) (Tab le
1). IL-6 and hs-CRP le vels in AMI pa ti ents we re sig-
ni fi cantly hig her (p< 0.05) but MMP-2 le vels we re
sig ni fi cantly lo wer than con trol gro up (p< 0.05).
De mog rap hi cal and bi oc he mi cal da ta of the pa ti ent
and con trol gro ups we re shown in Tab le 1.

The re was no cor re la ti on bet we en MMP-2 and
ot her pa ra me ters (IL-6, and hs-CRP) in pa ti ent gro -

up. Ho we ver, a sig ni fi cant, po si ti ve cor re la ti on was
fo und bet we en le vels of IL-6 and hs-CRP (r= 0.580,
p= 0.000) (Figure 1). 

DISCUSSION
In duc ti on and re le a se of pro-inf lam ma tory cyto -
ki nes is con sis tently fo und in the ex pe ri men tal
mo dels of myo car di al in farc ti on.11 Cyto ki nes ex-
hi bit a wi de ran ge of bi o lo gi cal events such as
comp le ment ac ti va ti on and re ac ti ve oxy gen spe ci -
es ge ne ra ti on. Ex ten si ve ex pe ri men tal evi den ce
de mons tra ted in duc ti on of mem bers of the IL-6 fa -

Patient group Control group

(n= 54) (n= 30) p

Male/female 42/12 17/13 = 0.05*

Age (y) 62.4 ± 13.2 64.4 ± 7.7 > 0.05

BMI (kg/m2) 25.9 ± 3.6 27.4 ± 6.1 > 0.05

MMP-2 (ng/mL) 968.3 ± 260.0 1099.6 ± 208.5 0.02

IL-6 (pg/mL) 22.9 (9.4-134.0)& 5.0 (2.4-9.4)& 0.000

hs-CRP (mg/L) 5.1 (2.5-20.3)& 2.0 (1.1-6.5)& 0.008

TABLE 1: Demographic and biochemical data of 
the study groups. 

&Median (25%-75% quartiles),
*According to Fisher’s Exact Test,
BMI: Body mass index, MMP-2: Matrix metalloproteinase-2, IL-6: Interleukin-6, 
hs-CRP: High sensitive C-reactive protein.

FIGURE 1: The correlation between IL-6 and hs-CRP (r= 0.580, p= 0.000)
(Spearman’s correlation).
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mily in he a ling in farcts.2 Mem bers of the IL-6 fa -
mily ha ve pro fo und ef fects on car di ac myocy tes by
pro mo ting car di ac hyper trophy but al so pro tec ting
them from apop to sis.12 IL-6 is ca pab le of mo du la -
ting the phe noty pic cha rac te ris tics and ge ne ex-
pres si on of many cell types in vol ved in in farct
he a ling.13 The pri mary cyto ki nes up re gu la ted af -
ter myo car di al in farc ti on are tu mor nec ro sis fac-
tor-alp ha and mem bers of the IL-1 and IL-6
fa mi li es.14 In the pre sent study, IL-6 le vels we re
hig her in the pa ti ent gro up com pa red to con trols
which ref lects the exis ten ce of inf lam ma tory ac ti -
vity in the early ho urs of AMI. The high le vels of
hs-CRP, which is con si de red as a sen si ti ve mar ker
of inf lam ma ti on al so con fir med the exis ten ce of
inf lam ma tory ac ti vity, in ac cor dan ce with the pre-
vi o us stu di es.15,16

In ad di ti on to ro les in acu te inf lam ma tory
events, IL-6 was shown to in du ce MMP synthe sis
in vit ro.3,14 ECM deg ra da ti on by MMPs is in vol ved
in the pat ho ge ne sis of car di o vas cu lar di se a se, inc -
lu ding at he rosc le ro sis, res te no sis, post-in farc ti on
left ven tri cu lar re mo de ling and di la ted car di om -
yo pathy.17 The re are dif fe rent MMP-2 re sults in
dif fe rent stu di es. A num ber of stu di es ha ve de -
mons tra ted in cre a sed ex pres si on and ac ti vity of
MMP-1, -2, -3 and -9 in hu man, rat and por ci ne
he arts du ring the re mo de ling pro cess af ter MI, al-
t ho ugh the da ta on the exact ti me co ur se of post-
in farc ti on MMP ac ti vity is di ver se.18 In cli ni cal
stu di es of AMI pa ti ents, the re we re dif fe ren ces in
pa ti ent cha rac te ris tics, in ter ven ti ons, as well as ti -
ming and met hods of MMP me a su re ment, which
co uld be the re a son for dis cre pan ci es in fin dings.5

In the pre sent study, we fo und dec re a sed le vels of
MMP-2 in pa ti ents with AMI, con trary to ot her
stu di es.7,8,17,19,20 Ele va ted le vels of MMP-2 in the
study of Ka i may be re la ted to the exis ten ce of un-
s tab le an gi na pec to ris (USAP) pa ti ents, dif fe rent
pe ri ods af ter the be gin ning of the chest pa in, ob ta -
i ning blo od samp les af ter me di ca ti on and de sig -
ning of the con trol gro up. Sin ce the ef fects of
USAP, an gi op lasty, and me di ca ti on on MMP-2 le -
vels are unc le ar yet, the ele va ted le vels of MMP-2
in the ir study may be re la ted to the fac tors men ti -
o ned abo ve. The pre sen ce of USAP pa ti ents and

usa ge of me di ca ti on in ot her stu di es pre vents us to
un ders tand the so le af fect on se rum MMP-2
le vels.7,20

Our fin dings we re in ag re e ment with the
study re por ted by Nils son et al, who fo und sig ni fi -
cantly low le vels of plas ma MMP-2 in 65 ma les
with CAD.10 Ho we ver, that study did not ref lect
MMP-2 le vels af ter myo car di al nec ro sis. Al so, blo -
od samp les we re drawn 1-3 days af ter be gin ning of
the symptoms. Li ke wi se, No ji fo und sig ni fi cantly
lo wer le vels of MMP-2 in pre ma tu re co ro nary ar-
tery di se a se com pa red to con trols.9 On the ot her
hand, Fer ro ni et al., re por ted that MMP2 le vels did
not dif fer bet we en myo car di al in farc ti on pa ti ents
and con trols alt ho ugh a sig ni fi cant MMP-9 ele va -
ti on was ob ta i ned in pa ti ent gro up.21

Re sults ob ta i ned from va ri o us stu di es are spe -
ci fi ed abo ve. We cla im that se rum MMP-2 le vels,
which are low in the early pe ri od, may ele va te la -
ter du e to in cre a sed blo od flow in the nec ro sis are -
a af ter re vas cu la ri za ti on. This may be the ma in
re a son of high MMP-2 le vels fo und in the ot her
stu di es, sin ce MMP-2 le vels we re not stu di ed as
early as our study in any of the stu di es men ti o ned
abo ve Be si des, ab sen ce of a sig ni fi cant cor re la ti on
bet we en MMP-2 and IL-6 in our study al so may be
du e to short elap sed ti me af ter the in farc ti on. Alt -
ho ugh IL-6 le vels we re in cre a sed at the ti me of blo -
od col lec ti on, it is pos sib le that not eno ugh ti me
ha ve pas sed to ele va te MMP-2 le vels.

The ef fect of drugs on MMP le vels has not be -
en wi dely stu di ed and it is the re fo re dif fi cult to de-
ter mi ne whet her chan ges in se rum le vels of MMPs
are du e to the ef fects of the drugs or not. Va ri o us
me di ca ti ons af ter AMI may ca u se an in cre a se or 
dec re a se MMP-2 le vels by mec ha nisms unk nown
yet. It was shown that car di o vas cu lar drugs in hi bit
MMP-9 ac ti vity or as pi rin in hi bits MMP-2 and
MMP-9 ex pres si ons and ac ti vi ti es.22,23 It was al so
shown that cal ci um chan nel an ta go nists ra i se the
le vels of MMP-2 in es sen ti al hyper ten si on.24 In our
study, only pret re at ment samp les we re exa mi ned
to exc lu de the abo ve men ti o ned ef fects of drugs. It
wo uld be in te res ting to study the ex pres si on le vels
of MMPs in dif fe rent ti me po ints be fo re and af ter
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the the rapy to se e whet her any dif fe ren ces wo uld
oc cur. 

Anot her re a son for dec re a sed le vels of MMP-
2 may be the over ex pres si on of TIMPs which are
spe ci fic in hi bi tors of MMPs. In cre a sed se rum le vels
of TIMPs we re de tec ted du ring the first 12 ho urs
af ter AMI sug ges ting early ac ti va ti on in ex tra cel -
lu lar myo car di al mat rix me ta bo lism.25,26 In ad di ti on
to the TIMP fa mily, the re are al so se ve ral ot her na -
tu rally oc cu ring in hi bi tors of MMPs which may
deg ra de MMPs and dec re a se the ir le vel such as cor-
ti cos te ro ids, re ti no ic acid, he pa rin and IL-4.18 Ta -
ken to get her, va ri o us MMP in hi bi tors might
dec re a se the le vel of MMP-2. We sho uld per haps
ha ve ma de se ri al de ter mi na ti ons to ob ser ve the
fluc tu a ti ons in se rum MMP-2 le vels as well as de-
ter mi ning TIMP-1 le vels to put for ward the as so -
ci a ti ons bet we en them du ring the first ho urs of
AMI in a ti me co ur se man ner. 

A last pos si bi lity may be re la ted with our
con trol gro up. Age matc hed con trol gro up con sis -
ted of pe op le with a me an age of 64.4 ± 7.7 ye ars.
Alt ho ugh ap pa rently he althy, with low le vels of
IL-6 and hs-CRP, at he rosc le ro tic le si ons may ha -
ve de ve lo ped in so me of the in di vi du als of our
con trol gro up, ele va ting the me an le vels of 
MMP-2. 

The pre sent study was car ri ed out with pa ti -
ents in the early ho urs of myo car di al in farc ti on.
This is the most im por tant pro perty that dis tin gu -
is hes our study from the ones with high le vels of
MMP-2. It is known that ECM me ta bo lism is re -
gu la ted by dis tinct mec ha nisms in the in farct re gi -
on. TNF-alp ha en han ces MMP ac ti vity in car di ac
fib rob lasts.27 Dif fe ren ti a ted mac rop ha ges con tri bu -
te to ECM re mo de ling by pro du cing MMPs.2 The
mast cells al so inf lu en ce in farct he a ling and tis su e
re mo de ling by ex pres sing MMP-2.28 All the se
events ta ke pla ce du ring the la ter ho urs, in the in-
farct he a ling pe ri od. This fact may al so be the ma -
in re a son of lack of a sig ni fi cant cor re la ti on
bet we en IL-6 and MMP-2, sin ce MMP-2 ex pres si -
on is not yet sti mu la ted. Pro bably, a sig ni fi cant cor-
re la ti on wo uld be ob ta i ned la ter. Al so, sig ni fi cant
cor re la ti on bet we en IL-6 and hs-CRP shows that it
is the very be gin ning of the post-in farc ti on inf -
lam ma tory res pon se and the re is still ti me for in-
duc ti on of MMP-2 synte sis.

Dec re a sed le vels of MMP-2 in our study may
be as so ci a ted with pa ti ent se lec ti on cri te ri a and the
short ti me elap sed af ter in farc ti on. Furt her re se -
arch on se rum MMP-2 le vels can pro vi de use ful in-
for ma ti on on the comp lex events; inf lam ma tory,
pro li fe ra ti ve and ma tu ra ti on pha ses of the post-in -
farc ti on pe ri od.  
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