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ischemic, dar rolul lor exact în calitate de co-predictor al 
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marker timpuriu al leziunilor cerebrale ischemice.
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Abstract
Introduction. Stroke is a frequent cause of death and long-

term disability worldwide. Matrix metalloproteinases (MMP) 
have been implicated in stroke pathophysiology. The relation 
between MMP-9 and stroke is gaining much interest as it is in-
volved in stroke pathophysiology and its inhibition is of poten-
tial therapeutic role. This study investigated the correlation 
between the level of serum MMP-9, stroke subtype and stroke 
severity using the National Institute of Health Stroke Scale 
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What is not known yet, about the topic
Serum matrix metalloproteinases are widely studied in pa-

tients with ischemic stroke, but their role as a co-predictor 
of outcome in patients with acute stroke remains a topic for 
discussion.

Research hypothesis
Serum matrix metalloprotenase-9 measurement can be 

used as an early marker of brain damage.

The correlation between serum MMP-9 and NIHSS scores 
-

<
-

ble progression of ischemic stroke.
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-
veritatea accidentului vascular cerebral, utilizând scala de 

   

-
termina nivelul MMP-9. Datele au fost comparate cu cele 

vascular cerebral.

-

AVC-ului ischemic.

ca marker timpuriu al leziunilor cerebrale. De asemenea, 
-

Cuvinte cheie: -
cular cerebral ischemic.

Introducere

-
ind hemoragice [1, 2]. Matrix metaloproteinazele (MMP) au 

-

-
-

carului ischemic [3, 4].

de matrixine, sunt endopeptidaze dependente de calciu, cu un 
-

-
tibilitate pentru accidentul vascular cerebral. Expresia ei este 

(NIHSS) of the patients admitted to the Institute of Emergency 
Medicine, Neurology and Cerebrovascular diseases unit, Insti-
tute of Emergency Medicine, Chisinau, Republic of Moldova, 
and diagnosed with an ischemic stroke.

Material and methods. Blood was collected from the 

as control. All patients had cranial computerized tomogra-

was made with the National Institute of Health Stroke Scale  
(NIHSS) in the acute stage.

Results.
higher in the ischemic stroke group. Positive correlation was 
established between the serum level of MMP-9 and the NI-
HSS score. This correlation was closer on the day of admis-

th

mic stroke.
Conclusion. Serum MMP-9 measurement can be used as 

an early marker of brain damage. There is a role of MMP-9 as a 
co-predictor of outcome in patients with acute stroke.

Key words: prognosis, correlation, MMP-9, stroke.

Introduction
Stroke is a frequent cause of death and long-term disability 

worldwide. About 85% of strokes are ischemic, the rest being 
hemorrhagic [1, 2]. Matrix metalloproteinases (MMP) have 
been implicated in stroke pathophysiology. MMP-2 and MMP-
9 are rapidly upregulated in ischemic brain in animal models 
and stroke patients. Pharmacological inhibition or genetic 
knockdown of MMP reduces neuronal death, blood-brain bar-
rier damage, edema, and hemorrhage [3, 4].

Matrix metalloproteinases, also known as matrixins, are 
calcium-dependent zinc-containing endopeptidases. They 
modulate many central nervous system developmental and 
regenerative processes. MMP-9 are involved in the breakdown 
of extracellular matrix during tissue remodeling [3, 4]. Dur-
ing stroke, it attacks the extracellular matrix around the blood 
vessels and neurons, facilitating neural cell death. MMPs dis-
rupt the blood-brain barrier in the early phase following cere-

edema, and hemorrhage [5]. MMP-9 promoter region may be 
a susceptibility locus for stroke. Its expression is upregulated 
after cerebral ischemia, and contributes to infarct extent, and 
blood-brain barrier breakdown. Investigation on the relation 
between MMP-9 and stroke is gaining much interest as it is in-
volved in stroke pathophysiology and its inhibition is of poten-
tial therapeutic role. MMP-9 is a promising marker of ischemic 
stroke [5, 6].

The purpose of our study was to investigate the correlation 
between the serum level of MMP-9 and the subtype of stroke 
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bral, utilizând scala NIHSS.

-
-

Protocolul acestui studiu a fost aprobat de Comitetul de 
-

informat pentru a participa în cadrul proiectul de cercetare. 

-
-

privire la participarea în studiu. 
-

Sângele venos a fost colectat în primele 24 de ore de la de-

-

-

NIHSS scale.

Material and methods

diagnosis of ischemic stroke made both clinically and radio-
logically, conducted among patients admitted at the Institute 
of Emergency Medicine, Neurology and Cerebrovascular dis-
eases unit, Chisinau, Republic of Moldova.

The protocol of this study was approved by Ethics Re-
search Committee of Nicolae Testemitanu State University of 
Medicine and Pharmacy, Chisinau, Republic of Moldova (min-
utes no. 26/19 from 8.02.2016). The patients gave unanimous 
written consent to participate in the research project. 

stroke, admitted within 24 hours of onset, diagnosis being 
-

tients should be above the age of 18 years and sign informed 
consent regarding enrollment into the study. 

-

tumor, expressed desire of the patient to leave the study, in-
complete standardized data chart. 

Venous samples were drawn within 24 hours of the onset 
of symptoms and the 7th day of hospitalization, and sent for 
routine blood examinations, including measurement of the 
MMP-9 level at the Laboratory of biochemistry,  

 State Medical and Pharmaceutical University.
Data processing was done using Microsoft Excel 2010 and 

XLStat. Parametric data are expressed as mean value ± stan-

correlation analysis of the variables was performed with the 
use of Pearson’s test (when the variables were normally dis-
tributed). T-test was used to analyze the parameters resulting 
from the estimation of the linear regression model; the statis-

-
tion (R square). In all the analyses, p<0.05 were considered 

Results
The study included 39 patients with acute ischemic stroke 

-
tute of Emergency Medicine, Neurology and Cerebrovascular 
Diseases unit, Chisinau, Republic of Moldova. Out of total, 17 
(43.6%) were male and 22 (56.4%) were female. In addition, 
39 healthy volunteers, similar to the patients’ cohort in term 
of age and sex, formed the control group. The mean age of the 
entire stroke group was 66.9±9.0 years old, the mean age of 

-

The most common condition in stroke patients was high 
blood pressure 38 (97.4%), followed by ischemic heart dis-
ease 26 (66.7%), diabetes mellitus was seen in 17 (43,6%) and 
obesity (body mass index >30 kg/m2) was seen in 16 (41.0%) 
patients, dyslipidemia was seen in 14 (35.9%) patients. 
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2) 
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-

de spitalizare, nivelul seric al MMP-9 nu a fost statistic sem-

 

-

mai mare decât a întregului grup de cercetare (în prima zi de 

-
tipul de AVC (Tabelul 1). Gradul de expresie al MMP-9 seric 

-

 (1991), gradul de 
expresie al MMP-9 seric a fost similar la grupurile de bolnavi 

-

Tabelul 1. 
Table 1.         

      1  

Macroangiopatie
  

Microangiopatie
  

8,56±6,90 4,06±1,56 6,29±3,64 7,07±2,39

       1 1  

        
Infarct lacunar

 

7,95±6,50 9,39 6,77±2,53 4,06±1,56

:
:        

Serum MMP-9 concentration were increased above the 

<0.001) 
when compared to the control group (2.18±1.0 g/l). At the 7th 

-
cant lower 6.34±4.03 g/l) 

One patient suffered hemorrhagic transformation of isch-

g/l, 
the 7th g/l).

MMP-9 level between the patients according to stroke sub-

in the large-artery atherosclerosis stroke and stroke of unde-
termined etiology group than in the small-vessel occlusion 

most common etiology of the ischemic stroke, followed by un-

serum levels of MMP-9 were similar between the groups with 
partial anterior circulation infarct (7.95±6.5 μg/ml) and pos-

-
cant higher than in lacunar infarct group (4.06±1.56 μg/ml) 
(Table 1).

We found a good correlation between serum MMP-9 levels 
th day of 

We divided the patients into 2 groups according to the 
st nd 

MMP-9 levels were compared in the two groups according to 
-

ciency (Table 2).
The group of patients with moderate stroke severity had 

higher value of serum MMP-9 level in patient who expired af-
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cu AVC ischemic de severitate medie. Nivelul seric al MMP-9 

puncte (Tabelul 2).
-

(Tabelul 2).
Un pacient a decedat în timpul studiului. Acest pacient a 

-

Tabelul 2. 
Table 2.             

    
p

5,89±2,50 10,21±7,60 0,013

:        

Fig. 2 

Fig. 2           
      

Fig. 1 

Fig. 1        .

ter stroke than in patients who survived (10.46 μg/ml at ad-
th day of hospitalization). 

The MMP-9 can be used to predict the progression of isch-
emic stroke (Figure 2). For the MMP-9, we determined the 

-
termined a sensitivity for unfavorable disease progression of 

Discussion
MMP-9 is such a neurochemical marker of brain damage 

which is a major component of the cytosol, particularly in the 

peripheral blood due to disruption of blood brain barrier after 
the brain damage. MMP-9 have received increasing attention 
because of their use as predictive marker of improving clini-
cal management and clinical outcome of patients. The pres-

patients with stroke compared with healthy volunteers. The 
high level of MMP-9 in acute stroke was also observed with 
other studies in the literature [6-10]. Rosell A.   studied 
postmortem fresh brain tissue from 6 ischemic and 8 hemor-

study demonstrated   higher levels of MMP-9 in human 
brain tissue after ischemic and hemorrhagic stroke, suggest-
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ischemic. 

-

-

Nivelul ridicat al MMP-9 seric la bolnavii cu leziuni ce-

 , au studiat 

-
ces. Studiul a demonstrat niveluri mai ridicate de MMP-9 în 

 
-
-

mului cerebral [8].
Zhong C.  

-

au prezentat un handicap major sau au decedat. MMP-9 seric a 

-
cool, scor NIHSS la internare. Astfel, nivelurile serice mai mari 

-
-

Abdelnaseer M. a investigat nivelul seric al MMP-9 la 30 de 

-

-
-

falice. Abilleira S.  

stadiul acut [12].

ing a contribution of MMP-9 to ischemic brain injury and peri-
hematoma edema [8].

Zhong C.  , measured serum MMP-9 levels in 3,186 par-
ticipants from the China Antihypertensive Trial in Acute Isch-
emic Stroke. During 3 months of follow-up, 767 participants 
(24.6%) experienced major disability or died. Serum MMP-9 

and major disability after adjustment for age, sex, time from 
onset to randomization, current smoking, alcohol drinking, 
and admission NIHSS score. So higher serum MMP-9 levels in 
the acute phase of ischemic stroke were associated with in-
creased risk of mortality and major disability, suggesting that 
serum MMP-9 could be an important prognostic factor for 
ischemic stroke [10].

Abdelnaseer M. investigated the serum level of MMP-9 

hours of onset as predictor of stroke outcome and the relation 
between the level of MMP-9 after 30 days and stroke recovery. 
In this study the serum level of MMP-9 30 days after stroke 
onset was positively correlated with initial stroke severity and 
outcome, as well as with clinical recovery [11].

MMPs are overexpressed in the presence of some neuro-
logical diseases in which blood-brain barrier disruption ex-
ists. Abilleira S.   investigated the MMP-9 concentration in 
patients after acute intracerebral hemorrhage and its relation 
to peri-hematomal edema. Expression of MMP-9 is raised after 
acute spontaneous intracerebral hemorrhage. Among patients 
with deep intracerebral hemorrhage this increase is associat-
ed with peri-hematomal edema and the development of neu-
rological worsening within the acute stage [12].

in the large-artery atherosclerosis stroke and stroke of unde-
termined etiology group than in the small-vessel occlusion 

died compared with survivors. MMP-9 has high sensitivity and 

stroke will have important diagnostic implications for stroke 
and for the development of therapeutic strategies aimed at 
modulating MMP [7]. MMP-9 is a possible marker for ongo-
ing brain ischemia, as well as a predictor of hemorrhage in pa-
tients treated with rt-PA.

Conclusions

stroke due to ischemia. It helps in the diagnosis of stroke and 

to the NIHSS score in patients with moderate stroke severity 
compared to those with mild stroke severity. MMP-9 protein 
levels have a positive correlation with NIHSS. Finally, we con-
clude that serum MMP-9 protein measurement can be used for 
the prognosis of the clinical outcome in patients with acute 
ischemic stroke.
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-

tratament cu rt-PA.

-

biomarker pentru diagnosticarea accidentului vascular cere-

Nivelurile MMP-9 au corelat pozitiv cu scorul NIHSS. În cele 
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