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CLINICAL STUDY

Methylation of MMP2, TIMP2, MMP9 and TIMP1 
in abdominal aortic aneurysm
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Janickova M3, Halasa M4, Repiska V5, Halasova E2,6
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Slovakia. erika.halasova@uniba.sk

ABSTRACT
OBJECTIVES: Abdominal aortic aneurysm (AAA) and its complications are among the most serious 
cardiovascular diseases and its occurrence has risen sharply in recent years. The aim of this pilot study is 
to explore the relationship between the methylation of matrix metalloproteinases and tissue inhibitors of the 
metalloproteinases genes’ promoter region, and abdominal aortic aneurysm (AAA) through the detection of 
the methylation status of MMP2, TIMP2, TIMP1, and MMP9 genes in peripheral blood.
METHODS: The study included 43 males with verifi ed AAA (case group) and 34 healthy males (control 
group). The methylation status of the genes’ promoter region was detected by methylation-specifi c 
polymerase chain reaction (MS-PCR).
RESULTS: In adominal aortic aneurysm patients, the methylation ratio of MMP2 gene was positive in 9.3 % 
(4 cases), 2.3 % (1 case) had methylated TIMP2 gene, 7.0 % (3 cases) had methylated TIMP1 gene, while 
the methylation ratio of MMP9 gene was positive in 93.0 % (40 cases). In the control group, MMP2 gene 
was found to be methylated in 5.9 % (2 cases), 5.9 % of cases had methylated TIMP2 and TIMP1 genes (2 
cases), and MMP9 gene was found to be methylated in 91.2 % (31 cases).
CONCLUSION: In our pilot study, we found no association between DNA methylation of gelatinases and their 
tissue inhibitors, and the development of an abdominal aortic aneurysm (Tab. 2, Fig. 1, Ref. 27). Text in PDF 
www.elis.sk
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Introduction

Aneurysm is an extension of an artery to approximately 1.5 
times its usual diameter at a particular location. It occurs at a site 
where the aortic wall is weakened or has an abnormal structure 

(1). The inferiority of the vascular wall can be determined by ge-
netic predisposition, as well as acquired as a result of infl ammation 
of the vascular wall or atherosclerosis (2). Males are more prone 
to develop AAA, but environmental and lifestyle choices such 
as diet that leads to obesity, or smoking can trigger the disease. 
Other conditions include arterial hypertension, peripheral, arterial
disease, coronary heart disease or hyperlipidaemia (3). The develop-
ment of abdominal aortic aneurysm (AAA) is a consequence of 
complex genetic, environmental, biochemical and mechanical 
(hemodynamic) effects. The development of aneurysms is deter-
mined by various factors, and the search of genes responsible for 
the hereditary component of aneurysms has been associated with 
its aetiology, including increased neoangiogenesis (4), excessive 
degradation of extracellular matrix (5) and loss of extracellular 
protein (6), increased oxidative stress (7), chronic infl ammation 
(8, 9) and changes in myosin structure in smooth muscle cells 
(10). Bryce et al (2015) identify this diagnosis as the third most 
common cause of sudden deaths in people aged 60 years or older 
in Europe. Metalloproteinases (MMPs) forming a large family of 
Ca/Zn-dependent endoproteinases are the most closely observed 
group of proteolytic enzymes in association with aneurysms. 
Various factors play an important role in MMP activation, such 
as cytokines released by infl ammatory cells, other MMPs, free 
radicals, elastin degradation products, various microorganisms as 
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well as mechanical damage (11, 12). Increased MMP production 
and activation is a feature of AAA. MMP2 and MMP9 elastases 
are important in the aetiology of AAA for their ability to cleave 
substrates such as elastin and collagen. A complex physiological 
process that involves the destruction of the aortic connective tissue 
results in the development of AAA (3). The presence of activated 
MMP2 and MMP9 contributes to the degradation of vascular ECM 
and development of AAA (12). The high concentration of MMPs 
in the aortic wall is caused not only by their increased production 
but also due to the defi ciency of factors that prevent their action 
and have an inhibitory effect on MMPs (so-called tissue metal-
loproteinase inhibitors (TIMPs)). Disruption of the expression of 
matrix metalloproteinases and tissue metalloproteinase inhibitors 
(TIMP) involved in ECM degradation during infl ammatory pro-
cesses in the early and late stages of the disease plays a key role 
in the development of aneurysm (13). In normal tissue, MMPs are 
only expressed at low levels. Increased secretion and activation of 
MMP occurs only when tissue remodelling and various physio-
logical and pathological processes are required (14). Under normal 
physiological conditions, MMP activity is strictly regulated at the 
level of transcription, activation of pro-MMP, as well as by inhibi-
tion of endogenous inhibitors - TIMP. Changes in the regulation of 
MMP activity may lead to development of cancer, fi brosis, arthritis, 
atherosclerosis, and other conditions (15, 16). DNA methylation 
may be a central mediator in AAA pathology. Changes in DNA 
methylation in genes directing ECM proteolysis regulatory cycles 
may specifi cally affect the phenotype of ECM structure and func-
tion (16), while changes in DNA methylation have been shown to 
affect the expression of various genes involved in the degradation 
of apoptosis of smooth muscle cells, vascular cell system (VSMC), 
infl ammation and extracellular matrix (ECM) by imbalance in 
matrix metalloproteinases (MMPs) and tissue inhibitors of me-
talloproteinases (TIMPs) (17,18). Transcription, expression and 
relationship with the methylation status of the promoter in nor-
mal and disease stages are actively investigated in many chronic 
infl ammatory diseases. The results of such analyses may reveal 
new knowledge about the pathogenesis of AAA (19, 20). The 
main objective of this pilot study conducted on Slovakian patients 
was to determine the role of promoter methylation status of genes 
MMP2, TIMP2, MMP9 and TIMP1 in the development of AAA. 

Materials and methods

Ethics committee approval
This study was approved by the Ethical Committee of the 

Jessenius Faculty of Medicine in Martin, Comenius University, 
Bratislava, Slovakia (December 13, 2017) and was conducted in 
compliance with the guidelines laid down in the Declaration of 
Helsinki 1964. Written informed consents were obtained from all 
subjects involved in the study. 

Study population
The promoter methylation status of MMP2, TIMP2, MMP9 and 

TIMP1 was analysed in two groups. The present study included 
43 males (mean age = 71.35 ± 9.45 years) with sonographically 

verifi ed diagnosis of abdominal aortic aneurysm (AAA) with or 
without rupture, while each of the 43 AAA patients was the fi rst 
person in their family (proband) to come to our attention. The con-
trol group was assembled from 34 healthy males (mean age = 60.0 
± 11.42 years). The selected group of healthy males were confi rmed 
to be without any medical history of aneurysm or other vascular 
disorders. All subjects were Caucasians of European origin.

DNA extraction and modifi cation
Venous blood (5 ml) was taken into K2EDTA tubes from all 

males in the study and control groups. The isolation of genomic 
DNA from whole-blood samples was carried out using Wizard 
Genomic DNA Purifi cation kit (Promega, Madison, WI, USA). 
Genomic DNA samples were stored at –20 °C until epigenetic 
analysis. The methylation status of the MMP2, TIMP2, MMP9 
and TIMP1 genes’ promoters was determined by bisulphite treat-
ment of DNA. 500 ng of DNA in 50 μl was used for bisulphite 
modifi cation, which was performed using innuCONVERT Bisul-
fi te All-In-One Kit (Annalytik Jena AG, Germany), while strictly 
following the instructions provided with the kit. The unmethyl-
ated cytosine (C) in the sequence was transformed into uracil (U). 
Bisulphite-treated DNA was stored at –80 °C until subjected to 
methylation-specifi c polymerase reaction (MS-PCR).

Methylation-specifi c PCR (MS-PCR)
The methylation status of MMP2, TIMP2, MMP9 and TIMP1 

genes in their promoters’ region was determined by MS-PCR. 
According to the whole genomic sequence and sequence of the 
promoter region of observed genes, the CpG islands of this gene’s 
promoter were searched using the DNA methylation research tool 
software “MethPrimer“, and the primers were designed afterwards. 
Sequences of primers are presented in Table 1.

MS-PCR was performed in 20 μl master mix consisting of 0.8 
μl of bisulfi te-treated DNA, 4 μl 5x HOT FIREPol Blend Master 
Mix RTL with 7.5mM MgCl2 (Solis Biodyne), 0.12 μl of each 
primer (25 μmol.μl–1) and 15.6 μl of DNase-free water.

CpG Methylated Human Genomic DNA (Thermo Fisher Sci-
entifi c) was used as a positive methylation control, while CpG Un-
methylated Human Genomic DNA (Thermo Fisher Scientifi c) was 
used as an unmethylated control. Thermal cycling parameters were 
as follows: pre-denaturation at 95 °C for 5 minutes and 35 cycles 
consisting of 20–35 s of denaturation at 95 °C (depending on the 
primers used), 20–35 s of hybridization at different annealing tem-
peratures (Tab. 1), and 20–35 s of elongation at 72 °C, followed 
by 5–10 minutes of elongation at 72 °C. PCR products were ana-
lysed on 2% agarose gel with ethidium bromide (Calbiochem) and 
visualized under ultraviolet light. The presence of PCR products 
of the correct molecular weight indicated the presence of either 
methylated or unmethylated alleles. The status was evaluated as 
methylated when the resulting band of expected length appeared 
in samples that were amplifi ed with methylated primers. When the 
resulting expected band appeared in samples that were amplifi ed 
with unmethylated primers, the status was evaluated as unmethyl-
ated. The experiment was repeated three times with no differences 
observed. Examples of examined gene are shown in Figure 1.
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Statistical analyses
For statistical analysis of the methylation status in the promoter 

region of MMP2, TIMP2, MMP9, and TIMP1 genes between the 
case and control groups, we used nonparametric Mann-Whitney 
U test. The difference in the methylation status of observed groups 
were considered to be statistically signifi cant when p ≤ 0.05.

Results

In the examined MMP2 gene, only 4 methylated cases (9.3 %)
were detected within the group of AAA patients, the other ex-
amined cases were positive for the presence of unmethylated 
DNA sequence. It was similar in the control group, where only 

2 cases (5.9 %) were methylated and the 
other cases were unmethylated. As to the 
TIMP2 gene, in the group of patients, we 
detected 1 methylated case (2.3 %) and 42 
cases positive for the presence of unmethyl-
ated sequence. In the control group, there 
were 2 methylated cases (5.9 %) while 32 
cases were unmethylated. As to the TIMP1 
gene, in the group of patients, we observed 
3 methylated cases (7.0 %) and 40 cases 
were positive for unmethylated sequence, 
while in the control group, we detected 2 
methylated cases (5.9 %) and again 32 un-
methylated cases. As to the last examined 
gene, MMP9, in patients with abdominal 
aortic aneurysm, we observed 40 methylat-
ed cases (93.0 %) and only 3 unmethylated 
cases, while in the control group, similarly 
31 cases (91.2 %) were methylated and 3 
cases were positive for unmethylated DNA 
sequence (Tab. 2). The methylation sta-
tus of MMP2, TIMP2, TIMP1, and MMP9 
genes detected by us correlates with the 
data in the human DNA methylation data-
base (http://imethyl.iwate-megabank.org/
index.html). When comparing the meth-
ylation status in the promoter region of 
MMP2, TIMP2, TIMP1, and MMP9 genes 
by using the Mann-Whitney U test (p > 

Gene Forward primer 5’-3’ Reverse primer 5’-3’ Annealing
temperature

Product
(bp)

MMP2 M AGGGATTGTTAGGATTTGCG CTCGATAACCTAAAATTTACCCGA 64 °C 100 bp
MMP2 U AGGGATTGTTAGGATTTGTGG CTAACTCAATAACCTAAAATTTACCCAACT 64 °C 104 bp
TIMP2 M GTTGAGTTAGGGATTTCGGG GCGCTTTTATTATACCCGACC 58 °C 153 bp
TIMP2 U GTTGAGTTAGGGATTTTGGG CACACTTTTATTATACCCAACCTAACAC 63 °C 154 bp
TIMP1 M AGATTTTAGGGGATTGGGTC ATCCACGCTAAAAACGAAAA 55 °C 280 bp
TIMP1 U AGATTTTAGGGGATTGGGTT AATATCCACACTAAAAACAAAAATAACAAC 59 °C 283 bp
MMP9 M GAAGTTCGAAATTAGTTTGGTTAAC TCCCGAATAACTAATATTATAAACGTA 59.5 °C 110 bp
MMP9 U AGTTTGAAATTAGTTTGGTTAATGT CCTCCCAAATAACTAATATTATAAACATA 59.5 °C 110 bp
M: methylated, U: unmethylated, MMP: matrix metalloproteinase, TIMP: tissue inhibitor matrix metalloproteinase

Tab. 1. Specifi c condition for evaluation of methylation status in promoter region of MMP2, TIMP2, TIMP1, and MMP9 genes.

MMP2

TIMP2

MMP9

TIMP1

Fig. 1. Methylation status in promoter region of MMP2, TIMP2, MMP9 and TIMP1 genes. L: 
ladder 100bp (Thermo Fisher Scientifi c), MC: methylated control, UC: unmethylated control, 
M: methylated, U: unmethylated, AAA: abdominal aortic aneurysm samples, MMP: matrix 
metalloproteinase, TIMP: tissue inhibitor matrix metalloproteinase.

Gene
AAA patients (n=43) Controls (n=34)

Methylated (n; %) Unmethylated (n; %) Methylated (n; %) Unmethylated (n; %)
MMP2 (4; 9.3%) (39; 90.7%)  (2; 5.9%) (32; 94.1%) 
TIMP2  (1; 2.3%) (42; 97.7%)  (2; 5.9%) (32; 94.1%) 
TIMP1  (3; 7.0%) (40; 93.0%)  (2; 5.9% ) (32; 94.1%) 
MMP9  (40; 93.0%) (3; 7.0%) (31; 91.2%) (3; 8.8%) 

Tab. 2. Detected methylation in promoter region of MMP2, TIMP2, MMP9 and TIMP1 genes.
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0.05), no signifi cant differences between the case and control 
groups were observed. In our study, we confi rmed no association 
of DNA methylation of the examined genes with the development 
of abdominal aortic aneurysm.

Discussion

DNA methylation provides a stable mechanism of gene repres-
sion that is responsible for the loss of activity of tissue-specifi c 
genes, genes on the X chromosome, and gene imprinting during 
the development, as well as in differentiated tissues of the organ-
ism (21, 22). DNA methylation is inherited through cell division 
in a symmetrical manner. It produces hemimethylated daughter 
strands (only one DNA strand is methylated), which serves as a 
template for newly synthesized DNA strands (23, 6). Research on 
atherosclerosis in cell lines and animal models has revealed that 
DNA methylation is an early initiator of this disease. The poten-
tial role of DNA methylation in the development of selected AAA 
genes has been demonstrated by several studies on methylation of 
AAA-related genes (6, 3). DNA methylation plays a role of envi-
ronmental factors such as diet and lifestyle in the subsequent de-
velopment and progression of AAA. Recent scientifi c studies have 
been focused on detecting differences in the methylomes of various 
tissue cells from a disease state by means of extensive association 
epigenetic analyses. Studies have shown that DNA methylation is 
mainly involved in specifi c cardiological diseases such as athe-
rosclerosis and hypertension (9, 17). Presently, epigenetic effects 
on frequency, severity and progression of AAA are limited, with 
most data on AAA being inferred from studies of atherosclerosis 
and other infl ammatory conditions. However, atherosclerosis and 
AAA are distinct clinical entities with overlapping risk factors and 
disease mechanisms (9). Using a method of sequential bisulphite 
analysis (WGBS) and methylation microscopic DNA analysis, 
Zaina et al (2014) compiled a methylation map of human athero-
sclerosis DNA. Signifi cant hypermethylation has been identifi ed 
at numerous sites in the genome of the atherosclerotic part of the 
aorta when compared with WGBS control cases. Between the case 
and control groups, 1,895 CpG candidate sites were methylated 
differently. At the same time functional expression data (qPCR) 
confi rmed fi ndings from 7 genes containing differently methyl-
ated regions from the same samples. The study suggests that DNA 
methylation in aortic tissue plays an important role in the aetiology 
of AAA (24, 17). The multifactorial nature of AAA suggests the 
involvement of other epigenetic factors in the disease development. 
Krishna et al (2010) describe the role of homocysteine-mediated 
methylation of DNA and related epigenetic changes in AAA that 
appear to be important in the disease. The possible association of 
epigenetic risk factors and the development of AAA is still unclear. 
Processes that may be affected by methylation, such as chronic 
remodelling of ECM structures, tissue elastin media, and vascular 
smooth muscle cell reduction (VSMC) play an important role in 
the aetiology of AAA (5, 25, 26).

In our pilot study, our team was the fi rst to focus on the issue 
of abdominal aortic aneurysm in terms of epigenetic factors. The 
results of our study did not show a statistically signifi cant differ-

ence in the methylation status of either gene examined between 
case and control groups (p > 0.05). We hypothesize that DNA 
methylation, as an epigenetic factor, plays an important role in the 
aetiology of AAA at the level of gene expression. To establish the 
possible association of changes in methylation status and develop-
ment of AAA, further epigenetic analyses with a larger number of 
samples are needed. Besides, more detailed studies are needed to 
understand and explain the pathobiological processes affecting the 
origin, development, behaviour, prognosis and subsequent AAA-
targeted therapy at genetic and epigenetic levels.
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