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ABSTRACT

The aim of this study is to determine the role of MMP-2 (-1306 C/T) gene variation in the development of
ischemic stroke. Our study was carried out with 93 ischemic stroke patients and 94 healthy controls.
Polymerase chain reaction (PCR) and restriction fragment length polymorphism (RFLP) methods were
applied to determine the genotype distributions of MMP-2 (-1306 C/T) gene variation. Although the
significant difference was not determined between ischemic stroke patients and healthy control groups in
terms of age and alcohol parameters in our study (p>0.05), the significant difference was determined between
these groups in terms of smoking, cerebrovascular disease history, hypertension, diabetes mellitus and heart
disease parameters. Although CT heterozygous genotype of MMP-2 (-1306 C/T) gene variation was
determined higher in ischemic stroke patient group compared to healthy controls, the significant difference
was not detected between patient and control groups in terms of MMP-2 (-1306 C/T) gene variation genotype
distributions. In addition, TT homozygous genotype of MMP-2 (-1306 C/T) gene variation was not observed
in ischemic stroke patient group and healthy control group. In conclusion, MMP-2 (-1306 C/T) gene variation
was not identified as a genetic risk factor for the development of ischemic stroke in the Thrace population of
Turkey. Comprehensive studies with larger populations are needed to determine the relationship between
MMP-2 (-1306 C/T) gene variation and the development of ischemic stroke.
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OZET

Bu c¢alismanin amaci, MMP-2 (-1306 C/T) gen varyasyonunun iskemik inme gelisimindeki roliini
belirlemektir. Calismamiz 93 iskemik inme hastasi ve 94 saglikli kontrol ile gergeklestirildi. MMP-2 (-1306
C/T) gen varyasyonu genotip dagilimlarini belirlemek icin polimeraz zincir reaksiyonu ( PZR) ve restriksiyon
fragment uzunluk polimorfizmi (RFLP) yontemleri uygulandi. Calismamizda iskemik inmeli hasta ve saglikli
kontrol gruplar1 arasinda yas ve alkol parametreleri bakimindan anlamli bir farklilik belirlenmemesine ragmen
(p>0.05), sigara, serebrovaskiiler hastalik Oykiisii hipertansiyon, diyabetes mellitus ve kalp hastalig
parametreleri bakimindan anlamli bir farklilik saptanmistir (p<0.05). iskemik inmeli hasta grubunda MMP-2
(-1306 C/T) gen varyasyonunun CT heterozigot genotipi saglikli kontrollere kiyasla anlamli derecede daha
yiiksek belirlenmis olmasina ragmen, hasta ve kontrol gruplar1 arasinda MMP-2 (-1306 C/T) gen varyasyonu
genotip dagilimlar1 bakimindan anlamli bir farklilik saptanmamugtir (p>0.05). Ayrica iskemik inmeli hasta
grubunda ve saglikli kontrol grubunda MMP-2 (-1306 C/T) gen varyasyonunun TT homozigot genotipi
gozlenmemistir. Sonug olarak, Tiirkiye’nin Trakya popiilasyonunda MMP-2 (-1306 C/T) gen varyasyonu
iskemik inme gelisimi i¢in genetik bir risk faktorii olarak belirlenmemistirr. MMP-2 (-1306 C/T) gen
varyasyonu ve iskemik inme gelisimi arasindaki iligkiyi net olarak belirlemek i¢in daha genis popiilasyonlar
ile gerceklestirilecek kapsamli arastirmalara ihtiyag duyulmaktadir.
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INTRODUCTION

Cerebrovascular diseases (CVD) are characterized by cerebral ischemia (Chang et al., 2016). Stroke is
basically classified into two groups as ischemic stroke and hemorrhagic stroke (Zhang et al., 2016).
Ischemic stroke is an important cause of morbidity and mortality (Chen et al., 2018). Cerebral ischemia
has been associated with various pathological conditions such as disruption of the blood-brain barrier,
vasogenic edema, and neuronal death (Chang et al., 2016). Ischemic stroke represents approximately
60-80% of all strokes (Liu et al., 2020; Kolb et al., 2019). Ischemic stroke is a multifactorial disease and
genetic and environmental factors play a role together in its pathogenesis (Mukherjee and Patil, 2011).
Identification of genetic factors that may be effective in the pathogenesis of ischemic stroke is clinically
very important for the development of new treatment strategies (Chen et al., 2018).

The significant relationship between ischemic stroke and inflammatory response has been
reported. Inflammatory proteins and mediators of inflammation are effective in the pathogenesis of
ischemic stroke (Niu et al., 2018). Matrix metalloproteinases (MMPs) are composed of more than 25
proteins (Chang et al., 2016). MMPs are a zinc-containing endopeptidase and play an important role in
extracellular matrix degradation (Chen et al., 2018). MMPs are effective in various physiological
processes such as cell growth, differentiation, proliferation and migration. MMPs secreted by inactive
proenzymes are degraded activated by extracellular proteinases (Daskalopoulou et al., 2007). MMP
family is classified as collagenases (MMP-1, MMP-8, MMP-13), gelatinases (MMP-2, MMP-9),
stromelysins (MMP-3, MMP-10), membrane type MMPs and other MMPs according to structural
similarities and substrate properties. Especially MMP-1, MMP-2, MMP-3, MMP-9 and MMP-12 play
an effective role in the pathophysiology of ischemic stroke (Chang et al., 2016).

MMP-2 is known as gelatinase A and MMP-2 gene has been associated with vascular diseases
such as ischemic stroke (Li et al., 2021; Lin et al., 2017). Increased MMP-2 levels have been detected
during ischemic stroke (Niu et al., 2018). MMP-2 activity increases in the late phase of ischemic stroke.
Thus, in the ischemic nucleus, MMP-2 may play a neuroprotective role (Chang et al., 2016).

Two common genetic variations have been identified in the MMP-2 gene as MMP-2 (-1306
C/T) and MMP-2 (-735 C/T) gene variations (Wagsater et al., 2011). MMP-2 (-1306 C/T) gene variation
has been associated with increased oxidative stress (Li et al., 2021). MMP-2 (-1306 C/T) gene variation
identified in the promoter region of MMP-2 is characterized by cytosine / thymine (C/T) base
substitution and MMP-2 expression and activity are altered as a result of this genetic variation (Chang
et al., 2016). The significant relationship has been reported between MMP-2 gene variations and the
development of lacunar stroke. In addition, genetic variations identified in the MMP-2 gene have been
associated with functional outcome after stroke (Guo et al., 2017).

Therefore, the aim of our study is to determine the role of MMP-2 (-1306 C/T) gene variation
in the development of ischemic stroke in the Thrace Region of Turkey.

MATERIALS AND METHODS

Ischemic stroke patient and healthy control groups

Ethics committee approval was obtained for this study from the Trakya University Faculty of Medicine
Non-Invasive Ethics Committee with the protocol code of TUTF-BAEK 2017/199. Signed informed
consent forms were collected from each of the individuals in the ischemic stroke patient and healthy
control groups. Our study was carried out with peripheral venous blood samples taken for routine
examinations from Trakya University Faculty of Medicine Department of Neurology. These blood
samples contained ethylenediaminetetraacetic acid (EDTA). Experimental parts of our study were
carried out in Trakya University Faculty of Medicine Department of Biophysics. Our study consisted of
93 ischemic stroke patients and 94 healthy controls. The patient group consisted of participants above
19 years of age who were diagnosed with ischemic stroke. The healthy control group consisted of
participants above 19 years of age who were not diagnosed with ischemic stroke. Pregnant and
breastfeeding women, those with any neurodegenerative disorder, and participants younger than 19
years of age were excluded from our study. The flow diagram for the ischemic stroke patient and healthy
control groups is presented in Figure 1.
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Potentially eligible participants (N=190)
Ischemic stroke patients (N=95) and healthy controls (N=95)

disorders)

Excluded (N=2)
— (Patients with any
neurodegenerative

Eligible participants (N=188)
Ischemic stroke patients (N=93) and healthy controls (N=95)

Unsuccessful DNA
— extraction (N=1)

Genotyping (N=187)
Ischemic stroke patients (N=93) and healthy controls (N=94)

| | |

CC Genotype CT Genotype TT Genotype
Patients: 53 (46.1%) Patients: 40 (55.6%) Patients: O (100.0%)
Controls: 62 (53.9) Controls: 32 (44.4%) Controls: O (100%)

Figure 1. Flow diagram for the ischemic stroke patient and healthy control groups

DNA isolation
DNA isolation was performed from peripheral venous blood samples containing EDTA of ischemic
stroke patients and healthy control groups. Invitrogen DNA blood kit was used for DNA isolation.

PCR-RFLP Methods

Genotype distributions of MMP-2 (-1306 C/T) gene variation were determined using PCR and RFLP
methods. 188 bp PCR product was observed in 2% agarose gel electrophoresis for MMP-2 (-1306 C/T)
gene variation. CC homozygous genotype (188bp, 5bp), CT heterozygous genotype (188bp, 162bp,
26bp, 5bp) and TT homozygous genotype (162bp, 26bp, 5bp) for MMP-2 (-1306 C/T) gene variation
were observed and Bfal (Xspl) restriction enzyme was used in RFLP method. Primer sequences, PCR
conditions and restriction enzyme for MMP-2 (-1306 C/T) gene variation are presented in Table 1. In
addition, the product lengths of the genotype distributions were observed in 2.5% gel electrophoresis
for MMP-2 (-1306 C/T) gene variation and are presented in Table 2 (Figure 2).
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Table 1: Primer series, PCR conditions and restriction enzyme for MMP-2 (-1306C/T) gene variations

Gene Primer series PCR Conditions RE
Variations

5 minutes at 94°C

MMP-2 FP:5'- 1 minute at 95°C Bfal
CTTCCTAGGCTGGTCCTTACTGA-3" (Xspl)
(-1306C/T) 1 minute at 62°C 35¢ycle
RP:5'-
CTGAGACCTGAAGACCTAAAGAGCT 1 minute at 72°C
-3'

7 minutes at 72°C

FP: Forward primer; RP: Reverse primer; PCR: Polymerase chain reaction; RE: Restriction enzyme

Table 2. MMP-2 (-1306 C/T) gene variation genotype distributions product lengths

Gene Variation PCR Product Length Genotype Distributions Product Lengths
CC sy 188bp, 5bp
MMP-2 (-1306C/T) 188bp CT == 188bp, 162bp, 26bp, 5bp

TT = 162bp, 26bp, 5bp
(26bp and 5bp are not observed; 100bp
marker)

Figure 2. (CC genotype in MMP-2 -1306 C/T gene polymorphism (188bp, 2, 3,4,5,6, 7, 8, 12
and 13 numbered bands), CT genotype (188bp, 162bp, 1, 9, 10, 11 and 14 numbered bands); 5 bp
not observed; 50bp marker)

Statistical analysis

Statistical analysis for our study was performed using SPSS (Statistics Package of Social Science)
program. Age parameter was compared between ischemic stroke patients and healthy control groups
using Independent Samples test. The parameters of alcohol, smoking, CVD history, hypertension,
diabetes mellitus and heart disease were compared between the patient and control groups using the Chi-
Square test. In addition, genotype distributions of MMP-2 (-1306 C/T) gene variation were compared
between patient and control groups with Chi-Square test.
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RESULTS

In our study, the significant difference was not determined between ischemic stroke patients and healthy
control groups in terms of age and alcohol parameters (p>0.05). However, the significant difference was
detected between these groups in terms of smoking, CVD history, hypertension, diabetes mellitus and
heart disease (p<0.05) (Table 3).

Table 3. Comparison of Clinical Findings Between Patient and Control Groups

Clinical Findings Patient Group (n=93) Control Group (n=94) p

Age (year) 62,452 + 12,0339 60,277 + 12,1871 0,2212
Alcohol use, n (-,+) 70/23 72/22 0,832°
Smoking, n (-,+) 52/41 67/27 0,029P*
CVD history, n (-,+) 78/15 93/1 0,001%
Hypertension, n (-,+) 36/57 64/30 <0,001°"
Diabetes Mellitus, n (-,+) 60/33 76/18 0,012~
Heart Disease, n (-,+) 66/27 92/2 <0,001°"

aStudent-t test; °Chi-Square test; *: Significance (p<0,05); —/+: Nonexistent/existent; CVD: cerebrovascular diseases

CT heterozygous genotype of MMP-2 (-1306 C/T) gene variation was observed more in the ischemic
stroke patient group compared to the healthy control group. However, the significant difference was not
detected between the patient and control groups in terms of genotype distribution of MMP-2 (-1306
CI/T) gene variation (p>0.05). In addition, TT homozygous genotype of MMP-2 (-1306 C/T) gene
variation was not observed in the ischemic stroke patient group and healthy control group (Table 4)

Table 4. Comparison of MMP-2 (-1306 C/T) gene variation genotype distributions between patient and control
groups

Genotype Distributions Patient Group (n=93) Control Group (n=94) p
MMP-2 CcC 53 (46,1%) 62 (53,9%)
-1306 C/T ﬂ 40 (55,6%) 32 (44,4%) 0.208°

2Chi-Square test, TT: Thymine-Thymine; CT: Cytosine-Thymine; CC: Cytosine-Cytosine

DISCUSSION AND CONCLUSION

Ischemic stroke is a vascular neurological disease and one of the leading causes of mortality and
morbidity (Niu et al., 2018). Cerebral ischemic stroke represents approximately 80% of all strokes.
Genetic and environmental factors play role together in the pathogenesis of ischemic stroke (Zhang et
al., 2016). MMPs are structurally composed of signal peptide, prodomain, catalytic domain, hemopexin
domain and hinge region. MMPs are zinc-dependent proteolytic enzymes and are effective in various
physiological processes such as cell growth, proliferation, differentiation, migration. MMPs, which are
secreted as inactive proenzymes, are degraded and activated by extracellular proteinases (Niu et al.,
2018). Changes in MMP activities have been associated with CVDs and cardiovascular diseases (Zhao
etal., 2016).

MMP-2 has been associated with processes such as cerebral ischemia-reperfusion, hemorrhagic
transformation and neuron apoptosis. MMP-2 plays an important role in extracellular matrix degradation
(Niu et al., 2018). It may be effective in vascular cellular aggregation by penetrating the basement
membrane and blood-brain barriers. The MMP-2 gene contains 13 exons and 12 introns. Multiple
variants have been identified in the MMP-2 gene which is located on chromosome 16q13-21. MMP-2
(-1306 C/T) and MMP-2 (-735 C/T) gene variations are characterized by C/T base substitution in the
promoter region of the MMP-2 gene. These common genetic variations have been associated with
altered transcriptional activity. It is thought that genetic variations identified in the MMP-2 gene may
affect the relationship between MMP-2 levels and the development of ischemic stroke (Li et al., 2021).
MMP-2 has assumed a dual role in the pathophysiology of ischemic stroke. MMP-2 shows an early
pathological effect after focal ischemic injury, and therefore, blood-brain barrier damage may occur
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through basal lamina degradation. MMP-2 also plays an important role in endogenous repair, regulation
of cerebral blood flow during the recovery phase after ischemic stroke (Lin et al., 2017).

In previous studies, MMP-2 has been associated with angiogenesis and inflammatory response.
It has also been reported that the MMP-2 gene is effective in the pathogenesis of ischemic stroke (Han
et al., 2017; Jacob-Ferreira et al., 2013). In a study, significantly increased serum MMP-2 levels were
detected in the acute phase of ischemic stroke. This condition has been associated with development of
vasogenic edema through disruption of the blood-brain barrier and increased vascular permeability
(Brouns et al., 2011). In another study, significant changes in serum MMP-2 levels have been associated
with neurological impairment after ischemic stroke (Halder et al., 2013; Sternlicht and Werb, 2001).
The significant relationship has been reported between MMP-2 (-1306 C/T) gene variation and
atherosclerotic cerebral infarction (Xu et al., 2016). In a study performed with Taiwanese population,
increased MMP-2 levels have been associated with the pathogenesis of ischemic stroke (Lin etal., 2017).
In a South Chinese population study, the C allele of the MMP-2 rs 1132896 gene variant and the T allele
of the MMP-2 rs 243849 gene variant have been associated with a reduced risk of ischemic stroke (Niu
etal., 2018). In another study performed with the Chinese population, the CC genotype of the MMP-2
(-1306 C/T) gene variation has been associated with increased transcriptional activity (Chang et al.,
2016). In a study carried out with a northern Chinese population, the significant association has been
reported between MMP-2 (-1306 C/T) gene variation and the development of ischemic stroke (Zhang
etal., 2016).

Although CT heterozygous genotype of MMP-2 (-1306 C/T) gene variation was observed more
in ischemic stroke patients in this study performed with Thrace population, this gene variation was not
determined as a genetic risk factor for the development of ischemic stroke. Comprehensive studies with
larger populations are needed to clearly determine the role of MMP-2 (-1306 C/T) gene variation in the
development of ischemic stroke. Determining the roles of genetic variations such as the MMP-2 (-1306
C/T) gene variation in the development of ischemic stroke will provide important biomarkers for the
diagnosis, progression and treatment of ischemic stroke.
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