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Introduction 

Stroke is a frequent cause of emergency 
hospital admissions and often leads to significant 
disability and mortality (1). The incidence rate 
of stroke in India is 119–145/100,000 persons-
years, with a prevalence rate of 84–262/100,000 
cases in the rural and 334–424/100,000 cases 
in the urban population (2). It is one of the 
most common diseases requiring prolonged 

rehabilitation facilities, resulting in a significant 
economic burden on the health system (3, 
4). Stroke is defined by the World Health 
Organization (WHO) as a sudden onset focal 
(occasionally global) neurological impairment, 
presumably of vascular origin, lasting more 
than 24 h or leading to death (5). The aetiology 
of stroke is multifactorial, consisting of 
uncontrolled hypertension, long-standing 
diabetes mellitus, systemic inflammation 
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Abstract
Background: Genetic and environmental factors, along with hypertension, diabetes 

mellitus and smoking cause accelerated atherosclerosis and, eventually, stroke. Matrix 
metalloproteinase-9 (MMP-9) are inflammatory mediators of the endoproteinase family, and their 
polymorphism and methylation are associated with the development of atherosclerosis and stroke. 
This study explores this association in the Indian population. 

Objective: To study the association of MMP gene polymorphism and methylation with the 
risk of stroke. 

Methods: A case-control study was conducted on 100 admitted patients (both genders) 
diagnosed with ischaemic stroke. Another 100 healthy subjects, not suffering from any chronic 
illness or stroke, were taken as controls. All participants were genotyped for rs3918242 (MMP-9) 
by polymerase chain reaction (PCR) and restriction fragment length polymorphism. Methylation of 
the MMP-9 gene-promoter region was assessed by methylation-specific PCR. 

Results: The case (mean age = 61.3 ± 7.36 years old) and control (mean age = 60.68 ± 7.1 
years old) groups were age-matched. Among cases, 61 patients were smokers, 55 were diabetic and 
53 were hypertensive. A significant risk of ischaemic stroke was associated with the CT genotype 
(adjusted odds ratio [aOR] = 7.09; P < 0.001), TT genotype (aOR = 19.75; P < 0.001) and T allele 
(aOR = 10.71; P < 0.001). MMP-9 methylation decreased the risk of stroke (aOR = 0.23; P < 0.001). 

Conclusion: MMP-9 gene-1562C/T polymorphism (SNP rs3918242) (single-nucleotide 
polymorphism [SNP] rs3918242) is a potential marker to predict ischaemic stroke and constitutes 
a significant proportion of the general population. Its polymorphism predisposes to ischaemic 
stroke, while its methylation is protective.
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April 2019 to June 2020. A hundred patients 
(both genders) diagnosed with ischaemic 
stroke on computed tomography (CT) scan or 
magnetic resonance imaging (MRI) as cases 
and 100 healthy subjects (not suffering from 
any chronic illness) as controls were recruited 
for the study using simple random sampling. 
Matching of study subjects was done based 
on association and not on proportion. The 
sample size was calculated based on the results 
of a previous study (18) which observed that  
MMP-9 gene polymorphism in the CC genotype 
was 14.33% in cases and 2.99% in controls. Using 
these reference values and with 80% power 
of the study at a 5% level of significance, the 
minimum required sample size was estimated as 
93 patients in each group. Detailed history and 
general physical examination were recorded for 
all patients including colour Doppler of neck.

Patients diagnosed with acute ischaemic 
stroke, defined by the WHO as the presence 
of rapidly developed clinical signs of focal or 
global disturbance of cerebral functions lasting 
more than 24 h with no apparent cause other 
than of vascular origin and proven by a CT 
scan or MRI, were included in the study if they 
agreed to participate. Patients suffering from 
myocardial infarction or unstable angina, severe 
heart failure, atrial fibrillation, aortic dissection, 
deep coma, resistant hypertension, apart from 
those receiving thrombolytic therapy and lipid-
lowering drugs, were excluded from the study. 

The Krishgen DNA blood kit, India 
was used for DNA extraction. Primers were 
synthesised by Eurofins Scientific, India. The 
serum used to estimate biochemical profile was 
processed using Siemens’ ADVIA, Germany, 
a fully-automated clinical chemistry analyser. 
The DNA-bisulphite conversion for methylation 
analysis was done using the Epigentek kit 
(USA). DNA concentration and purity were 
checked by a spectrophotometer. Genotyping 
was done by polymerase chain reaction–
restriction fragment length polymorphism 
(PCR-RFLP) and restriction digestion. 
For genotyping of SNP rs3918242, the 
following sequence was used — sense primer 
5-GCCTGGCACATAGTAGGCCC-3’; antisense 
primer 5’-CTTCCTAGCCAGCCGGCATC-3’. 
A 435 bp fragment was amplified using the 
aforementioned primers (17). The DNA 
amplification was done by PCR using template 
DNA (1 µL), forward primer (0.5 µL), reverse 
primer (0.5 µL), master mix (10 µL) and 
nuclease-free water (8 µL). The following PCR 

and smoking, along with other genetic and 
environmental factors (6–11). 

Many genetic polymorphisms have been 
identified in the pathogenesis of stroke which 
is responsible for accelerated atherosclerosis, 
increased propensity for rupture of the 
atherosclerotic plaque, subsequent emboli 
formation and cerebral hypo-perfusion; 
however, the underlying causative complex 
molecular mechanisms are yet to be explored 
(12, 13). Matrix metalloproteinase (MMP) is 
a group of inflammatory mediators of zinc-
containing endo-proteinases responsible 
for accelerated atherosclerosis. Their role 
in destabilising the atherosclerotic plaque, 
which results in the formation of an embolus 
and a subsequent stroke, is an established 
phenomenon (13, 14). The MMP gene has a 
pivotal role in the etiopathogenesis of stroke — 
MMP polymorphism has been associated with an 
increased risk of ischaemic stroke and potential 
disruption of the blood-brain barrier (BBB). 
This enables MMP-mediated inflammatory 
cytokines to enter the brain microenvironment 
and cause haemorrhagic transformation (15, 
16). The MMP-9 gene is known to be associated 
with atherosclerotic plaque instability and the 
MMP-9 gene-1562C/T polymorphism (single-
nucleotide polymorphism [SNP] rs3918242) 
leads to an increased risk of ischaemic stroke; 
however, there are some contradictory results as 
well (17–20). Most of these studies are belonged 
to developed countries and there is a dearth of 
literature exploring this polymorphism in the 
Indian scenario.

Deoxyribose nucleic acid (DNA)-
methylation is the most common epigenetic 
modification and such changes are inherited 
without alteration in the primary gene sequence 
(21–22). While low-level MMP-methylation is 
associated with an increased risk of ischaemic 
stroke, studies revealing the association between 
global hypomethylation and the risk for stroke 
are also scarce with contradictory results (23–
24). Thus, this study aims to fulfil this gap in the 
literature to address the paucity of studies in the 
Indian population and explore the probability of 
genetic variability leading to stroke.

Methods

A case-control study was conducted at 
the Department of Biochemistry and Internal 
Medicine, Vardhman Mahavir Medical College 
and Safdarjung Hospital, New Delhi, India from 
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conditions were used — initial denaturation 
at 95 °C for 5 min, followed by 30 cycles of 
denaturation at 95 °C for 30 sec, annealing 
at 56.2 °C for 30 sec, extension at 72 °C for 30 
sec, final extension at 72 °C for 5 min and was 
then kept at 4 °C for temporary storage. The 
restriction endonuclease, SphI, enzyme for 
digesting the amplicon was identified using an 
NEB cutter v2.0 (New England Bio Labs Inc.). 
Overnight digestion by SphI at 37 oC produced 
bands using PCR mix (10 µL), 10× buffer-B (2 
µL), enzyme (1 µL), and nuclease-free water (18 
µL). Electrophoresis was performed with 2% 
agarose gel, the 435 bp position was ascertained 
if a homozygous allele presented for wild 
type, the 247 bp and 188 bp positions if it was 
polymorphic, and the 435 bp, 247 bp and 188 bp 
positions if the heterozygous allele presented for 
both wild and polymorphic types. 

Methylation-Specific PCR (MSP)

The primers used for 
MMP-9 gene-promoter region 
methylation included – forward: 
5’-GAAGTTCGAAATTAGTTTGGTTAAC-3’, 
and reverse: 
5’-TCCCGAATAACTAATATTATAAACGTA-3’; 
while for the MMP-9 non-methylated 
region, the primers used were — forward: 
5’-AGTTTGAAATTAGTTTGGTTAATGT-3’, 
and reverse: 
5’CCTCCCAAATAACTAATATTATAAACATA-3’. 
Primers were designed using a methprimer 
available on www.urogene.org/methprimer. 
Bisulphite conversion of DNA was done using 
the Epigentek kit via a thermocycler in the 
following steps. The DNA was kept at 95 oC for 
4 min, at 65 oC for 30 min, then again at 95 oC 
for 4 min and 65 oC for another 30 min, followed 
by another 4 min at 95 oC and for 60 min at  
65 oC. The modified DNA so obtained was 
subjected to PCR under the following conditions 
— initial denaturation at 95 oC for 5 min; 
afterwards, 40 cycles of denaturation at 95 
oC for 30 sec, annealing at 58.7 oC for 30 sec, 
extension at 72 oC for 30 sec, final extension at  
72 oC for 5 min and temporary storage at 4 oC, 
were performed. The obtained products were 
loaded (7 µL) on 2% agarose gels with ethidium 
bromide and subjected to electrophoresis 
and the DNA bands were visualised via a gel 
documentation system. If the product of 108 bp 

was present in the set of methylated-primer so 
obtained in either of the subjects, it indicated 
that methylation was present in the promoter 
region of the MMP-9 gene. Alternately, if 
the 108 bp product was present in the set of 
unmethylated primers, methylation was absent 
in the promoter region of the MMP-9 gene.

Statistical Analysis 

Statistical analyses were performed using 
SPSS version 21 (IBM Inc., Chicago, IL). Mean 
and standard deviation (SD) were calculated for 
demographic and basic clinical data. Student’s 
t-test was performed for continuous variables, 
while dichotomous variables were analysed 
using the Chi-squared (χ2) or Fisher’s test. Also, 
the Hardy–Weinberg equilibrium was assessed 
by Chi-squared test. Lastly, binary logistic 
regression was used to obtain odds ratio (OR) 
to assess the strength of association between 
polymorphism of the MMP-9 gene and its 
methylation in ischaemic stroke. A P-value of < 
0.05 was considered statistically significant.

Results

The cases consisted of 100 patients mean 
age = 61.3 (7.36) years old diagnosed with a 
stroke, of which 62 were males and 38 were 
females. The control group comprised of 100 
age-matched patients mean age = 60.68 (7.1) 
years old; n = 66 males and n = 34 females 
visiting the medicine outpatient department 
for problems other than stroke. The two groups 
were statistically similar in terms of age (P > 
0.05). Among the cases, 61% were smokers, 55% 
were diabetic and 53% were hypertensive; and 
there was no statistically significant difference 
between the groups regarding the occurrence of 
hypertension, diabetes and smokers (P > 0.05). 

The level of biochemical parameters of 
the case and control subjects as compared 
using t-test are shown in Table 1. Among the 
cases, 61% had normal sinus rhythm (NSR) on 
electrocardiography (ECG), followed by atrial 
fibrillation in 22% of subjects. T-inversion in 
anterior leads was seen in 5% of the cases and 
T-inversion in the lateral and inferior leads was 
seen in 3% of subjects in each group.
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Table 1. Comparison of biochemical parameters among cases and controls  

Variables Mean (SD) 
for cases

Mean (SD) 
for controls

Mean difference 
(95% CI)

t-statistic 
(df)

P-value

Serum urea (mg/dL) 49.31 (43.78) 33.67 (13.28) -15.64 (-24.66, -6.61) -3.41 (198) 0.001

Serum creatinine 
(mg/dL)

1.16 (1.03) 0.74 (0.29) -0.42 (-0.64, -0.21) -4.00 (198) < 0.001

Total serum bilirubin 
(mg/dL)

0.673 (0.53) 0.71 (0.34) 0.03 (-0.09, 0.15) 0.50 (198) 0.612

Serum AST (IU/L) 52.13 (91.89) 46.80 (30.70) -5.33 (-24.43, 13.77) -0.55(198) 0.583

Serum ALT (IU/L) 42.37 (97.31) 55.28 (61.02) 12.91 (-9.74, 35.56) 1.12(198) 0.262

Serum ALP (IU/L) 142.84 (134.11) 55.71 (61.10) -87.13 (-116.19, -58.06) -5.91(198) < 0.001

Serum TG (mg/dL) 130.67 (38.1) 142.68 (25.54) 12.01 (2.96, 21.05) 2.61(198) 0.010

Serum total 
cholesterol (mg/dL)

143.25 (67.29) 116.69 (29.97) -26.56 (-41.08, -12.03) -3.60(198) < 0.001

Serum HDL (mg/dL) 35.34 (14.24) 39.20 (7.95) 3.86 (0.64, 7.07) 2.36(198) 0.019

Serum LDL (mg/dL) 96.40 (17.88) 84.39 (33.25) -12.01 (-19.46, -4.56) -3.18(198) 0.002

Imaging of the head via CT scan or MRI 
in the case subjects revealed that the right 
middle cerebral artery territory infarct was the 
most common entity (14%), followed by the left 
frontoparietal region infarct, comprising 12% of 
the cases. Right ganglio-capsular infarcts and left 
middle cerebral artery infarcts were found in 11% 
and 10% of the case subjects, respectively, while 
infarcts affecting the corona radiata were seen in 
7% of the cases. 

Colour Doppler imaging of the neck to 
evaluate cerebral blood flow did not reveal any 
abnormality in 37% of cases; whereas, variable 
amounts of plaque formation were seen in both 
left and right carotid arteries in 40% of the stroke 
patients. About 14% of patients had near-total 
occlusion of the distal right carotid artery (a 
branch of the internal carotid artery), while 9% 
of the stroke patients had 30% stenosis in the 
right carotid artery. 

Genotype Frequencies

Single-nucleotide polymorphism (SNP) 
analysis of the MMP-9 gene was performed by 
PCR-RFLP for SNP rs3918242. The frequency 
distribution of genotypes and alleles are shown 
in Table 2. Out of the 100 cases of MMP-9 gene 
SNPs, the analysis for rs3918242 (C→T) showed 

a genotypic distribution of 26% with the CC 
genotypes, 35% with the CT genotypes and 39% 
having the TT genotypes. Whereas, among the 
100 controls, 79% showed CC genotypes, 15% 
showed CT genotypes and 6% showed the TT 
genotypes. There was a statistically significant 
difference in the genotypic distribution of  
SNP rs3918242 polymorphism between the 
patients and controls. Further, the Chi-squared 
test was used to assess the deviation of genotype 
distribution, among cases and controls from 
Hardy-Weinberg equilibrium. The prevalence 
of the MMP-9 genotypes in both groups was 
not within the range of the Hardy-Weinberg 
equilibrium (χ2 = 58.95, df = 2, P < 0.001) as 
shown in Table 3. 

Table 2. Distribution of MMP-9 genotypes and 
allele frequencies of the study groups 

MMP-9 gene-
1562C/T 
polymorphism 
(SNP rs3918242) 

 Case  
(n = 100)

 Controls  
(n = 100)

CC genotype 26% 79%

CT genotype 35% 15%

TT genotype 39% 6%

C allele 43.5 % 86.5%

T allele 56.5% 13.5%



Malays J Med Sci. 2021;28(6):32–41

www.mjms.usm.my36

Table 3. Genotype distribution of MMP-9 gene and Chi-squared values among cases and controls

MMP-9 gene-
1562C/T 
polymorphism 
(SNP rs3918242) 

Case  
(n = 100)

Control  
(n = 100)

 df  χ2  P-value

CC 26% 79%

2 58.95 < 0.001CT 35% 15%

TT 39% 6%

The risk of ischaemic stroke associated with 
the heterozygous and homozygous polymorphic 
genotypes was done by calculation the OR 
using binary logistic regression analysis. The 
frequencies of CC genotypes versus CT genotypes 
(adjusted OR [aOR] = 7.09; 95% CI: 3.41, 
15.38; P < 0.001) and CC genotypes versus TT 
genotypes (aOR = 19.75; 95% CI: 8.0, 56.83; P < 
0.001) genotypes differed significantly between 
the two groups. aOR for the C allele versus T 
allele showed that the T allele of the MMP-9 
gene added a 10.71-fold risk (aOR = 10.71; 95% 
CI: 5.65, 21.09; P < 0.001) for the development 
of ischaemic stroke in our population (Table 4, 
Figure 1). Likewise, a significant risk of ischaemic 
stroke was associated with the CT genotypes 
(aOR = 7.09; P < 0.001) and TT genotypes 
(aOR = 19.75; P < 0.001). In the cases, the allele 
frequency for the C allele was 43.5% and 56.5% 
for the T allele; whereas, among controls, it was 
86.5% for the C allele and 13.5% for the T allele. 
Also, the T allele was associated with a significant 
risk of ischaemic stroke (aOR = 10.71; P < 0.001).

Methylation Levels in Ischaemic Stroke 
and Healthy Subjects

In each group, both the methylated and 
unmethylated primers amplified specific PCR 
bands. However, there was a large difference 
in the methylation index. In the peripheral 
blood, the methylation indices were 19% and 
51% for the cases and controls, respectively, 
and this difference was statistically significant 
(χ2 = 21.26; aOR = 0.23; 95% CI: 0.12, 0.43; P 
< 0.001) as shown in Table 5 and Figure 2. We 
also tried to determine if there was a correlation 
between MMP-9 gene polymorphism and 
hypermethylation in the MMP-9 gene-promoter 
region in the cases. As per our findings, for the 
CC genotype, 47 cases were methylated and 59 
were unmethylated; for the CT genotype, 13 cases 
had methylation and 35 were unmethylated; and 
for the TT genotype, 9 cases had methylation and 
37 controls were unmethylated.

Table 4. Asociation of MMP-9 gene SNPs with the risk of ischaemic stroke

Dependent: disease Absent Present OR (Binary logistic regression)

SNP rs3918242 CC 79 (75.2) 26 (24.8) -

CT 15 (30.0) 35 (70.0) 7.09 (3.41, 15.38, P < 0.001)

TT 6 (13.3) 39 (86.7) 19.75 (8.00, 56.83, P < 0.001)

C allele Absent 6 (13.3) 39 (86.7) -

Present 94 (60.6) 61 (39.4) 0.10 (0.04, 0.23, P < 0.001)

T allele Absent 79 (75.2) 26 (24.8) -

Present 21 (22.1) 74 (77.9) 10.71 (5.65, 21.09, P < 0.001)

Note: P-value < 0.05 = significant
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Figure 1. Samples of MMP-9 PCR-RFLP (435 bp) 
CC genotype with one fragment band, 
TT genotype with two fragments are 
polymorphic and CT genotype with three 
fragments band are heterozygous

Table 5. Comparison of MMP-9 gene methylation in 
study group

Group Methylated Unmethylated OR (95% CI) χ2 P-value

Case 19 81 0.23 (0.12, 0.43) 21.26 < 0.001

Control 51 49

pointed out a clear association between the TC 
levels and stroke, few other studies have reported 
an association between high serum TC levels 
and increased risk of ischaemic stroke (27, 28). 
In our study, the mean serum TC was 143.25 
mg/dL in the cases and 116.69 mg/dL in the 
controls (P < 0.001); however, these values were 
within the desired range. Also, the mean serum 
triglyceride (TG) level was 130.67 mg/dL for the 
cases and 142.68 mg/dL for the controls. This 
finding is contradictory to the previous studies 
which indicated a temporal relationship between 
the serum TG level and the risk of stroke. 
However, this paradox of serum TG has been 
reported with ischaemic stroke and low levels 
of serum triglyceride are associated with a poor 
prognosis for stroke. Notably, few studies have 
also reported that no relationship exists between 
hypertriglyceridemia and the risk of stroke (29, 
30).

The manifestation of stroke depends 
upon the area of the brain involved. In our 
case, right middle cerebral artery territory 
ischaemic infarct was most commonly seen on 

Figure 2. Agarose gel electrophoresis of MMP-9 
gene MSP products from peripheral blood. 
M represents methylation specific primers; 
U represents unmethylated specific 
primers

Discussion

Stroke is the second leading cause of death 
worldwide and is associated with significant 
morbidity and mortality. While multiple risk 
factors have been identified for stroke, the 
aetiology remains unexplained in many patients. 
In the present study, we tried to explore the 
association between MMP-9 polymorphism and 
methylation in ischaemic stroke patients.

The anti-atherogenic potential of high 
density lipoprotein (HDL) is due to its 
heterogeneous shape, size and density. In 
our study, the mean serum HDL level was 
significantly lower in cases 35.3 (14.24) mg/dL 
as compared to controls 39.2 (7.95) mg/dL (P = 
0.019). 

Sacco et al. (25) also reported similar 
findings that the total HDL was significantly 
lower in patients with stroke than controls. While 
the role of raised total cholesterol (TC) levels in 
stroke remains controversial, its role in coronary 
artery disease is an established phenomenon 
(26). Although observational studies have not 
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MMP-9 gene polymorphism, revealed that SNP 
rs3918242 of MMP-9 gene was associated with 
an increased risk of ischaemic stroke, (OR = 
5.47) similar to our results. 

The epigenetic state is closely linked to 
the causation of stroke. DNA-methylation, an 
epigenetic modification, represses global and 
genetic transcription affecting neuronal and glial 
development (34). Higher levels of methylation 
cause gene silencing and consequently, its 
expression. The differential expression of DNA-
methylation depends upon the differentiation 
of progenitor cells into specific neural lineages. 
Loss of genomic DNA-methylation has been seen 
in many diseases including stroke. Whereas, 
MMP-9 gene-promoter region hypermethylation 
leads to silencing of the gene and decreases the 
risk of ischaemic stroke. Therefore, detection 
of MMP-9 gene methylation in ischaemic 
stroke patients may serve as a novel approach 
to predict the risk of stroke. Promoter region 
hypomethylation and its role in the development 
of stroke and identifying methylated areas 
among CpG islands are potential biological 
markers for early diagnosis. This is of paramount 
importance in stroke as predicting genetic 
susceptibility to stroke can increase the chances 
of early detection and increased survival. 
Several studies have revealed the role of DNA-
methylation in stroke in the subset of patients 
with no history of comorbidities. These sporadic 
cases manifest ischaemic stroke at an early 
age; moreover, hypomethylation increases the 
chances of conversion of an ischaemic infarct 
into a haemorrhagic one, leading to significant 
mortality and morbidity (35).

Our study furthers the previous research 
on MMP-9 gene methylation, which is 
consistent with the observation that MMP-9 
gene methylation is a relatively frequent event 
in sporadic ischaemic stroke and promoter 
methylation of MMP-9 gene plays a pivotal role 
in functional inactivation. We also investigated 
MMP-9 gene-promoter methylation in both 
cases and control groups, which revealed that 
methylation was seen in 51% of controls, while 
only 19% of cases had methylation. Methylation 
was not detected in 81% of cases and 49% of 
controls (P < 0.001) which was statistically 
significant, similar to Lin (35), who reported 
significant MMP-2 methylation levels in a 
subgroup of stroke patients, with a significant 
association in men. Another study by Baccarelli 
(23) involving 712 elderly subjects described 
the differences in a repetitive element of DNA 
methylation for predicting the risk of developing 

CT imaging, which coincides with the findings 
of other studies that reported the right middle 
cerebral region ischaemic infarct as the most 
common type of ischaemic infarct (31). Other 
common stroke types observed in our cases were 
left frontoparietal region infarct and left middle 
cerebral artery territory infarct.

The ECG abnormalities in stroke vary 
from T-wave abnormalities, arrhythmias, QT-
interval prolongation to atrial fibrillation (AF) 
causing a five-fold increase in the incidence 
of stroke (32). In our study, AF was seen in 
22% of cases. AF induces blood stasis leading 
to thrombus formation and embolism to the 
brain. Likewise, arrhythmia is still considered a 
primary cause of thromboembolism, along with 
other abnormalities. In our cases, 61% of patients 
had an NSR, while T-inversion in the anterior, 
inferior and lateral chest leads were seen 5%, 3%, 
and 3% of cases, respectively.

It is known that approximately 20% of 
stroke has an atherosclerotic aetiology (33). 
Carotid Doppler is performed routinely in stroke 
patients to evaluate the status of extracranial 
arteries supplying the brain. An elevated risk of 
large-artery stroke is observed in patients with 
the highest degree of carotid stenosis along with 
other factors. In our cases, 14% of stroke patients 
had near-total occlusion of bilateral distal 
right carotid arteries, while 37% of cases had a 
normal carotid doppler, indicating multifactorial 
aetiology of stroke. 

This study focused on the genetics of 
the MMP-9 gene polymorphisms and their 
association with ischaemic stroke. Our 
results revealed that in the case of MMP-9 
gene SNP rs3918242 (C→T), subjects with 
the CT genotypes had 7.09 times higher risk 
of developing ischaemic stroke compared to 
the CC genotype. Also, the subjects with the 
TT genotype had 19.75 times higher risk of 
developing ischaemic stroke as compared to the 
CC genotype. A previous study by Buraczynska et 
al. (17) also showed a silent C-to-T substitution 
associated with ischaemic stroke in a study 
comprising of 322 cases and 410 controls. 
However, replication of this association has been 
highly variable, as another study by Kaplan et al. 
(19) found no association of MMP-9 haplotype 
in causing ischaemic stroke. In the same study, 
another molecule, the MMP-3 haplotype 2, was 
associated with a reduced risk of myocardial 
infarction and increased risk of haemorrhagic 
stroke while showing no risk for ischaemic 
stroke. Another study in the Chinese population 
by Zhao et al. (18), which studied MMP-3 and 
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stroke. The associations of long interspersed 
element-1 (LINE-1) hypomethylation and stroke 
suggest that DNA-hypomethylation anticipates 
disease diagnosis and that hypomethylation may 
help in identifying the individuals at risk before 
the onset of clinical disease. We observed similar 
findings that hypomethylation was associated 
with an increased risk of stroke. Another study 
by Soriano-Tárraga et al. (24) involving 281 
ischaemic stroke patients and 99 controls stated 
that global DNA-methylation was not associated 
with ischaemic stroke subtypes in either cohort 
or as a continuous variable or in quartile 
categories of the Luminometric Methylation 
assay (LUMA) in the study. On the contrary, 
we found a temporal relationship between 
the incidence of stroke and hypomethylation. 
Several factors contribute to the differential 
expression of the frequency of methylation which 
may be due to exposure of the study population 
to specific environmental agents or the MSP 
detecting differential methylation status by 
bisulphite-treated DNA with primers specific for 
methylated and unmethylated DNA.

There were certain limitations in our 
study. Ischaemic stroke was excluded in control 
subjects only by medical history and a lack of 
neurological manifestation; however, ideally, 
the possibility of controls having a silent 
stroke could not be ruled out without brain 
imaging. Secondly, the sample size was small 
and could not represent the whole of North-
Indian population. Future research is needed to 
establish a concrete relationship of genetics with 
stroke among the Indian population.

Conclusion

The TT and CT genotypes of the MMP-9 
gene-1562 C/T polymorphism (SNP rs3918242) 
and its hypomethylation increase the individual’s 
susceptibility to stroke in the Indian population 
and the MMP-9 gene may be considered as a 
candidate gene for determining predisposition to 
ischaemic stroke. Consequently, MMP inhibitors 
could serve as a therapeutic modality to provide 
a genetic basis for stroke prevention.

Acknowledgements

We would like to thank Dr Neera Chaudhry, 
the Head of Department Neurology, Vardhman 
Mahavir Medical College and Safdarjung 
Hospital, New Delhi for her guidance during 



Malays J Med Sci. 2021;28(6):32–41

www.mjms.usm.my40

11. Anrather J, Iadecola C. Inflammation and 
stroke: an overview. Neurotherapeutics. 
2016;13(4):661–670. https://doi.org/10.1007/
s13311-016-0483-x

12. Newby AC. Metalloproteinases and vulnerable 
atherosclerotic plaques. Trends Cardiovasc Med. 
2007;17(8):253–258. https://doi.org/10.1016/j.
tcm.2007.09.001

13. Yamada S, Wang KY, Tanimoto A, Fan 
J, Shimajiri S, Kitajima S, et al. Matrix 
metalloproteinase 12 accelerates the initiation of 
atherosclerosis and stimulates the progression 
of fatty streaks to fibrous plaques in transgenic 
rabbits. Am J Pathol. 2008;172(5):1419–1429. 
https://doi.org/10.2353/ajpath.2008.070604

14. Singh D, Srivastava SK, Chaudhuri TK, Upadhyay 
G. Multifaceted role of matrix metalloproteinases 
(MMPs). Front Mol Biosci. 2015;2:19. https://doi.
org/10.3389/fmolb.2015.00019

15. Zhang Y, Tong Y, Zhang Y, Ding H, Zhang D, 
Geng Y, et al. Two novel susceptibility SNPs 
for ischemic stroke using exome sequencing 
in Chinese Han population. Mol Neurobiol. 
2014;49(2):852–862. https://doi.org/10.1007/
s12035-013-8561-0

16. Turner RJ, Sharp FR. Implications of MMP-9 for 
blood brain barrier disruption and hemorrhagic 
transformation following ischemic stroke. Front 
Cell Neurosci. 2016;10:56. https://doi.
org/10.3389/fncel.2016.00056

17. Buraczynska K, Kurzepa J, Ksiazek 
A, Buraczynska M, Rejdak K. Matrix 
metalloproteinase-9 (MMP-9) gene 
polymorphism in stroke patients. Neuromolecular 
Med. 2015;17(4):385–390. https://doi.
org/10.1007/s12017-015-8367-5

18. Zhao J, Xu Y, Xing H, Su L, Tao S, Tian X, et al. 
Associations between matrix metalloproteinase 
gene polymorphisms and the development 
of cerebral infarction. Genet Mol Res. 
2016;14(4):19418–19424. https://doi.
org/10.4238/2015.December.30.3

19. Kaplan RC, Smith NL, Zucker S, Heckbert SR, 
Rice K, Psaty BM. Matrix metalloproteinase-3 
(MMP3) and MMP-9 genes and risk of 
myocardial infarction, ischemic stroke, 
and hemorrhagic stroke. Atherosclerosis. 
2008;201(1):130–137. https://doi.org/10.1016/j.
atherosclerosis.2008.01.003

References

1. Katan M, Luft A. Global burden of stroke. Semin 
Neurol. 2018;38(2):208–211. https://doi.
org/10.1055/s-0038-1649503

2. Pandian JD, Sudhan P. Stroke epidemiology 
and stroke care services in India. J Stroke. 
2013;15(3):128–134. https://doi.org/10.5853/
jos.2013.15.3.128

3. Lui SK, Nguyen MH. Elderly stroke 
rehabilitation: overcoming the complications 
and its associated challenges. Curr Gerontol 
Geriatr Res. 2018;2018:9853837. https://doi.
org/10.1155/2018/9853837

4. Jennum P, Iversen HK, Ibsen R, Kjellberg J. Cost 
of stroke: a controlled national study evaluating 
societal effects on patients and their partners. 
BMC Health Serv Res. 2015;15:466. https://doi.
org/10.1186/s12913-015-1100-0

5. Aho K, Harmsen P, Hatano S, Marquardsen 
J, Smirnov VE, Strasser T. Cerebrovascular 
disease in the community: results of a WHO 
collaborative study. Bull World Health Organ. 
1980;58(1):113–130.

6. Krishnamurthi RV, Barker-Collo S, Parag V, 
Parmar P, Witt E, Jones A, et al. Stroke incidence 
by major pathological type and ischemic subtypes 
in the Auckland Regional Community Stroke 
Studies: changes between 2002 and 2011. Stroke. 
2018;49(1):3–10. https://doi.org/10.1161/
STROKEAHA.117.019358

7. Subhash A, Kumar CR, Singh NK, Krishnamurthy 
S, Nagabushana MV, Visweswara Reddy YJ. 
Stroke in patients with and without diabetes 
mellitus. J Clin Sci Res. 2018;7:7–11. https://doi.
org/10.4103/JCSR.JCSR_8_18

8. Shah RS, Cole JW. Smoking and stroke: the more 
you smoke the more you stroke. Expert Rev 
Cardiovasc Ther. 2010;8(7):917–932. https://
doi.org/10.1586/erc.10.56

9. Chauhan G, Debette S. Genetic risk factors for 
ischemic and hemorrhagic stroke. Curr Cardiol 
Rep. 2016;18(12):124. https://doi.org/10.1007/
s11886-016-0804-z

10. Feigin VL, Wiebers DO. Environmental 
factors and stroke: a selective review. J Stroke 
Cerebrovasc Dis. 1997;6(3):108–113. https://doi.
org/10.1016/S1052-3057(97)80225-X

https://doi.org/10.1007/s13311-016-0483-x
https://doi.org/10.1007/s13311-016-0483-x
https://doi.org/10.1016/j.tcm.2007.09.001
https://doi.org/10.1016/j.tcm.2007.09.001
https://doi.org/10.2353/ajpath.2008.070604
 https://doi.org/10.3389/fmolb.2015.00019
 https://doi.org/10.3389/fmolb.2015.00019
https://doi.org/10.1007/s12035-013-8561-0
https://doi.org/10.1007/s12035-013-8561-0
https://doi.org/10.3389/fncel.2016.00056
https://doi.org/10.3389/fncel.2016.00056
https://doi.org/10.1007/s12017-015-8367-5
https://doi.org/10.1007/s12017-015-8367-5
https://doi.org/10.4238/2015.December.30.3
https://doi.org/10.4238/2015.December.30.3
https://doi.org/10.1016/j.atherosclerosis.2008.01.003
https://doi.org/10.1016/j.atherosclerosis.2008.01.003
https://doi.org/10.1055/s-0038-1649503
https://doi.org/10.1055/s-0038-1649503
https://doi.org/10.5853/jos.2013.15.3.128
https://doi.org/10.5853/jos.2013.15.3.128
https://doi.org/10.1155/2018/9853837
https://doi.org/10.1155/2018/9853837
https://doi.org/10.1186/s12913-015-1100-0
https://doi.org/10.1186/s12913-015-1100-0
https://doi.org/10.1161/STROKEAHA.117.019358
https://doi.org/10.1161/STROKEAHA.117.019358
https://doi.org/10.4103/JCSR.JCSR_8_18
https://doi.org/10.4103/JCSR.JCSR_8_18
https://doi.org/10.1586/erc.10.56
https://doi.org/10.1586/erc.10.56
https://doi.org/10.1007/s11886-016-0804-z
https://doi.org/10.1007/s11886-016-0804-z
https://doi.org/10.1016/S1052-3057(97)80225-X
https://doi.org/10.1016/S1052-3057(97)80225-X


www.mjms.usm.my 41

Original Article | MMP-9 in stroke

29. Jain M, Jain A, Yerragondu N, Brown R, 
Rabinstein A, Jahromi B, et al. The triglyceride 
paradox in stroke survivors: a prospective study. 
Neuroscience. 2013;2013:1–7. https://doi.
org/10.1155/2013/870608

30. Lisak M, Demarin V, Trkanjec Z, Basić-Kes V. 
Hypertriglyceridemia as a possible independent 
risk factor for stroke. Acta Clin Croat. 
2013;52(4):458–463.

31. Navarro-Orozco D, Sánchez-Manso JC. 
Neuroanatomy, middle cerebral artery. [Updated 
2019 Jan 16]. In: StatPearls [Internet]. Treasure 
Island (FL): StatPearls Publishing; 2020. 
Available at: https://www.ncbi.nlm.nih.gov/
books/NBK526002/

32. Wolf PA, Abbott RD, Kannel WB. Atrial 
fibrillation as an independent risk factor 
for stroke: the Framingham study. Stroke. 
1991;22(8):983–988. https://doi.org/10.1161/01.
STR.22.8.983

33. Marulanda-Londoño E, Chaturvedi S. Stroke due 
to large vessel atherosclerosis: five new things. 
Neurol Clin Pract. 2016;6(3):252–258. https://
doi.org/10.1212/CPJ.0000000000000247

34. Amberg N, Laukoter S, Hippenmeyer S. 
Epigenetic cues modulating the generation 
of cell-type diversity in the cerebral cortex. J 
Neurochem. 2019;149(1):12–26. https://doi.
org/10.1111/jnc.14601

35. Lin HF, His E, Huang LC, Liao YC, Juo 
SH, Lin RT. Methylation in the matrix 
metalloproteinase-2 gene is associated with 
cerebral ischemic stroke. J Investing Med. 
2017;65:794–799. https://doi.org/10.1136/jim-
2016-000277

20.  Fatar M, Stroick M, Steffens M, Senn E, Reuter B, 
Bukow S, et al. Single-nucleotide polymorphisms 
of MMP-2 gene in stroke subtypes. Cerebrovasc 
Dis. 2008;26(2):113–119. https://doi.
org/10.1159/000139657

21. Handy DE, Castro R, Loscalzo J. Epigenetic 
modifications: basic mechanisms and role 
in cardiovascular disease. Circulation. 
2011;123(19):2145–2156. https://doi.
org/10.1161/CIRCULATIONAHA.110.956839

22. Nowacka-Zawisza M and Nowacka-Zawisza M: 
DNA methylation and histone modifications as 
epigenetic regulation in prostate cancer (Review). 
Oncol Rep. 2017;38:2587–2596. https://doi.
org/10.3892/or.2017.5972

23. Baccarelli A, Wright R, Bollati V, Litonjua 
A, Zanobetti A, Tarantini L, et al. Ischemic 
heart disease and stroke in relation to 
blood DNA methylation. Epidemiology. 
2010;21(6):819–828. https://doi.org/10.1097/
EDE.0b013e3181f20457

24. Soriano-Tárraga C, Jiménez-Conde J, Giralt-
Steinhauer E, Mola M, Ois Á, Rodríguez-Campello 
A, et al. Global DNA methylation of ischemic 
stroke subtypes. PLoS ONE. 2014;9(4): e96543. 
https://doi.org/10.1371/journal.pone.0096543

25. Sacco RL, Benson RT, Kargman DE, Boden-
Albala B, Tuck C, Lin IF, et al. High-density 
lipoprotein cholesterol and ischemic stroke in 
the elderly: the Northern Manhattan stroke 
study. JAMA. 2001;285(21):2729–2735. https://
doi.org/10.1001/jama.285.21.2729

26. Hajar R. Risk factors for coronary artery 
disease: historical perspectives. Heart Views. 
2017;18(3):109–114. https://doi.org/10.4103/
HEARTVIEWS.HEARTVIEWS_106_17

27. Wannamethee S, Shaper A, Ebrahim S. 
HDL-cholesterol, total cholesterol, and the 
risk of stroke in middle-aged British men. 
Stroke. 2000;31(8):1882–1888. https://doi.
org/10.1161/01.STR.31.8.1882

28. Sarti C, Kaarisalo M, Tuomilehto J. The 
relationship between cholesterol and stroke: 
implications for antihyperlipidaemic therapy in 
older patients. Drugs Aging. 2000;17(1):33–51. 
https://doi.org/10.2165/00002512-200017010-
00003

https://doi.org/10.1155/2013/870608
https://doi.org/10.1155/2013/870608
https://www.ncbi.nlm.nih.gov/books/NBK526002/
https://www.ncbi.nlm.nih.gov/books/NBK526002/
https://doi.org/10.1161/01.STR.22.8.983
https://doi.org/10.1161/01.STR.22.8.983
https://doi.org/10.1212/CPJ.0000000000000247
https://doi.org/10.1212/CPJ.0000000000000247
https://doi.org/10.1111/jnc.14601
https://doi.org/10.1111/jnc.14601
https://doi.org/10.1136/jim-2016-000277
https://doi.org/10.1136/jim-2016-000277
https://doi.org/10.1159/000139657
https://doi.org/10.1159/000139657
https://doi.org/10.1161/CIRCULATIONAHA.110.956839
https://doi.org/10.1161/CIRCULATIONAHA.110.956839
https://doi.org/10.3892/or.2017.5972
https://doi.org/10.3892/or.2017.5972
https://doi.org/10.1097/EDE.0b013e3181f20457
https://doi.org/10.1097/EDE.0b013e3181f20457
https://doi.org/10.1371/journal.pone.0096543
https://doi.org/10.1001/jama.285.21.2729
https://doi.org/10.1001/jama.285.21.2729
https://doi.org/10.4103/HEARTVIEWS.HEARTVIEWS_106_17
https://doi.org/10.4103/HEARTVIEWS.HEARTVIEWS_106_17
https://doi.org/10.1161/01.STR.31.8.1882
https://doi.org/10.1161/01.STR.31.8.1882
https://doi.org/10.2165/00002512-200017010-00003
https://doi.org/10.2165/00002512-200017010-00003

