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Summary 

Matrix metalloproteinases (MMPs) as well as their inhibitors 

(TIMPs) play a crucial role in controlling extracellular matrix 

turnover and have recently been associated with atherosclerosis, 

myocardial and vascular injury. Moreover, the genetic variability 

of MMP genes has been suggested to play an important role in 

vascular remodeling and age-related arterial stiffening. This study 

aims to describe associations of 14 selected polymorphisms in 

genes for MMPs and TIMPs with selected cardiovascular 

parameters (including central pulse pressure), clinical conditions 

and drug treatment profiles in 411 stable ischemic patients with 

preserved systolic function of the left ventricle. The genotyping of 

14 single-nucleotide polymorphisms in 8 genes was carried out 

either using 5′ exonuclease (TaqMan®) reagents or by restriction 

analysis. Numerous associations of the investigated 

polymorphisms with systolic and diastolic blood pressure, 

maximum left ventricular end diastolic pressure and ejection 

fraction were observed. While some of the observed effects were 

found to be age-dependent, associations with clinical conditions 

(hypertension, diabetes mellitus, angina pectoris) were only 

observed in women and associations with four groups of drugs 

(statins, nitrates, calcium channel blockers, anti-aggregation 

drugs) were only observed in men. The results of this study 

indicate that the genetic variability of MMPs and TIMPs is an 

important factor which influences cardiovascular functions and 

may have important consequences for individual therapy 

customization in the future. 
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Introduction 
 

 It is well known that central systolic and pulse 

pressure (PP) are correlated with the severity of coronary 

atherosclerosis, thickened media and intima in carotid 

arteries and left ventricular hypertrophy and diastolic 

dysfunction (Jankowski et al. 2004, Ostergren et al. 2008, 

Roman et al. 2010). This correlation is referred to as 

being closer in the case of central than in the case of 

peripheral blood pressure (Williams et al. 2006, Roman 

et al. 2007, Roman et al. 2010). The correlation between 

PP and coronary atherosclerosis is especially significant 

as most deaths resulting from cardiovascular disease are 

caused by coronary artery events (Palatini et al. 2011). It 

has also been reported that central PP is physiologically 

higher in men compared to women and increases with age 

(Safar and Jankowski 2009). 

Blood vessels are constantly adjusting to 

neuronal, hormonal and hemodynamic stimuli. While 

short-term alterations in vascular tone occur as a result of 

changes in endothelial cell function, increased 

neuroendocrine drive or altered vascular smooth muscle 

(VSM) sensitivity, chronic changes in vascular function 

often include structural changes in blood vessel 

architecture. Vascular remodeling involves lasting 

structural changes in the vessel wall occurring in 

response to hemodynamic stimuli. Persistent changes in 
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the composition and/or size of bloods vessel associated 

with vascular remodeling are believed to facilitate 

adaptation and repair (Raffetto and Khalil 2008). Blood 

vessel remodeling dependent on blood flow was 

previously confirmed as a key factor in physiological 

processes including angiogenesis during development, 

wound healing and physical training as well as the onset 

and development of pathological states like hypertension, 

ischemic heart disease and tumor growth (Dumont et al. 

2007). 

Central aortic pressures and hemodynamics may 

play a critical role in the diagnostics of various 

pathological conditions. It has been reported that central 

aortic PP may be a determinant of clinical outcomes and 

differences in central aortic pressures may be potentially 

used to explain the different clinical outcomes of therapy 

(Williams et al. 2006). These findings have been 

discussed in several studies (Ostergren et al. 2008, 

O'Rourke et al. 2010) and refuted by others (Dart et al. 

2006, Mitchell et al. 2010). 

The extracellular matrix (ECM) of the vessel 

wall is composed of collagen, elastin, glycoproteins and 

proteoglycans. The turnover of collagen and elastin (i.e. 

proteins closely associated with structural strength and 

elasticity) is regulated by matrix metalloproteinases 

(MMPs), a family of proteolytic enzymes which degrade 

various components of the ECM. The MMP family 

includes collagenases, gelatinases, stromelysins, 

matrilysins and membrane-type MMPs (Back et al. 

2010). MMPs degrade the ECM by affecting the 

production of weaker collagen and frayed elastin fibers. 

When the vessel wall is exposed to immunological stress, 

inflammatory cells such as polymorphonuclear 

neutrophils (PMNs) and macrophages produce a variety 

of MMPs (MMP1, 7, 8, 13) as well as elastase; these 

enzymes are subsequently responsible for the deleterious 

changes outlined above. Their activity is regulated by 

enhanced gene expression, followed by post-translational 

activation of pro-MMP cleavage and by numerous 

interactions between MMPs, plasmin, thrombin and 

reactive oxygen species (ROS) which are not yet fully 

understood. The activation of MMPs during the acute 

phase following tissue injury is crucial for immune cells, 

which play a role in preserving tissue function; however, 

the chronic activation of MMPs is believed to be 

deleterious, resulting in adverse events such as the 

previously mentioned vascular remodeling, 

atherosclerosis and myocardial dysfunction (Klein and 

Bischoff 2011). 

Tissue inhibitors of MMPs (TIMPs) counteract 

the abovementioned processes, providing a regulatory 

mechanism and maintaining balance between the 

synthesis and degradation of ECM (Shirwany and Zou 

2010). TIMPs are specific endogenous inhibitors which 

bind to MMPs in a 1 to 1 ratio. Four types of TIMPs 

(TIMP1, 2, 3, and 4) have been identified in vertebrates. 

Their expression is regulated during tissue development 

and remodeling (Brew et al. 2000).  

Endogenous TIMPs reduce excessive proteolytic 

ECM degradation caused by MMPs. An imbalance in the 

MMPs/TIMPs activity ratio may constitute an underlying 

factor in the pathogenesis of vascular diseases such as 

abdominal aortic aneurysm, varicose veins, hypertension 

and coronary artery disease (Raffetto and Khalil 2008). 

The biochemical structure and function of MMPs has 

been the subject of several reviews and articles (Liu et al. 

1997, Galis and Khatri 2002, Visse and Nagase 2003). 

Metalloelastase (MMP12) is expressed especially in 

macrophages and is substantial for their migration 

(Shapiro et al. 1993). However, very little is known about 

the possible effect of the genetic variability of genes 

associated with MMP signaling on central pulse pressure, 

especially in specific patient populations. 

This study thus aims to (i) investigate 

associations between selected polymorphisms in genes 

for MMPs and their inhibitors and cardiovascular 

parameters such as central pulse pressure and other 

hemodynamic characteristics and to (ii) investigate the 

possible association of these polymorphisms with the 

clinical conditions and drug treatment profiles of stable 

ischemic patients with preserved systolic functioning of 

the left ventricle in a genotype-phenotype study. 

 
Material and Methods 
 
Study population 

During the course of a period from May 2009 to 

May 2011, a total of 537 patients were recruited for a 

study of the effects of MMP gene polymorphisms on 

aortic PP. All patients were referred to the catheter 

laboratory of the Cardiology Department of the 

University Hospital Brno for diagnostic coronary 

angiography. Patients with acute MI, aortic valve disease 

(i.e. aortic stenosis with a peak-to-peak gradient 

>25 mm Hg and aortic regurgitation greater than grade 

1), mitral valve disease or ejection fraction (EF) <50 %, 

were excluded from the study. A total of 411 patients 

were subsequently used for the purposes of this case-case 
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study. The recruitment of healthy individuals for the 

purposes of explorative coronarography was rejected by 

the local Ethics Committee. 

Informed written consent was obtained from all 

subjects prior to their participation in the trial. The study 

protocol complied with the Declaration of Helsinki and 

was approved by the local Ethics Committee. 

 

Definitions and study protocol 

Baseline characteristics (past medical history, 

current symptoms and risk factors) and medication were 

obtained prior to the examination. The presence of 

diabetes mellitus was defined as fasting blood glucose of 

≥7 mmol/l or the usage of an antidiabetic drug or insulin. 

Hypercholesterolemia was defined as total plasma 

cholesterol ≥5 mmol/l or low-density lipoprotein (LDL) 

cholesterol ≥2.6 mmol/l or an existing lipid-lowering 

drug prescription. Ischemic heart disease was defined as a 

≥50 % reduction of the intraluminal diameter of any of 

the coronary arteries (left main, left anterior descending, 

left circumflex or right coronary artery) or the main 

branches with a diameter of ≥2.0 mm.  

 

Clinical laboratory methods 

Invasive intra-aortic systolic (SBP) and diastolic 

blood pressure (DBP) were measured using a fluid-filled 

catheter (4Fr pigtail catheter) in the ascending aorta; left 

ventricular end-diastolic pressure (LVEDP) was 

measured in the left ventricle with the patient in a supine 

position. Aortic pulse pressure (PP) was calculated as the 

difference between aortic SBP and aortic DBP; mean 

arterial pressure (MAP) was calculated as follows: 

MAP = DBP + (SBP−DBP)/3. Heart rate was recorded 

using standard electrocardiography monitoring.  

 

Genotyping 

DNA for analysis was extracted from 5 ml of 

peripheral blood collected from each patient following a 

three-hour fasting period; DNA was subsequently 

extracted from peripheral leukocytes using the standard 

proteinase K technique.  

The genotyping of 14 single-nucleotide 

polymorphisms (SNPs) in 8 selected genes (Table 1) was 

carried out using either 5′ exonuclease (TaqMan®) 

reagents on the ABI Prism® 7000 system (Applied 

Biosystems, Foster City, CA, USA) or by restriction 

analysis (used restriction enzymes are listed in Table 1; 

detailed protocols are available upon request). Assays 

were validated by double genotyping of 10 % of the 

samples and direct sequencing using Big Dye v 1.1 

terminator reagents (Applied Biosystems). 

 
 
Table 1. Examined polymorphisms – methods. 
 

Gene Chromosome SNP Type Method 

MMP2 16q13 

rs2285053/-735C/T P HinfI/37 °C 

rs243865/-1306C/T P XspI/37 °C 

rs7201 3´ UTR TaqMan SNP genotyping 

rs243866/-1575G/A P TaqMan SNP genotyping 

rs243864/-790G/T P TaqMan SNP genotyping 

MMP3 11q23 rs3025058/-1171 5A/6A P XmnI/37 °C 

MMP7 11q21-q22 rs11568819/-202C/T P TaqMan SNP genotyping 

MMP8 11q21-q22 
rs11225395/-799C/T P SfcI/37 °C 

rs2155052/+17C/G 5´ UTR DdeI/37 °C 

MMP12 11q22.2-q22.3 
rs7123600 I TaqMan SNP genotyping 

rs2276109/-124A/G P TaqMan SNP genotyping 

TIMP1 Xp11.3-p11.23 rs4898 I TaqMan SNP genotyping 

TIMP2 17q25 rs8176329 I TaqMan SNP genotyping 

TIMP3 22q12.1-q13.2 rs1065314 3´ UTR TaqMan SNP genotyping 

 
P = promoter, E = exon, I = intron, 3' UTR = 3 untranslated region, 5' UTR = 5' untranslated region 
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Data analysis and statistics 

Data were reported as median, range (for 

continuous variables) and percentage proportion (for 

discrete variables). In order to analyze differences 

between individual groups, t-tests and analysis of 

variance (ANOVA) tests were used for continuous 

normally distributed variables and the Mann-Whitney U 

test and Kruskal-Wallis ANOVA tests were used for 

continuous non-normally distributed variables. 

 

Results 
 
 Significant differences in clinical parameters 

between males and females were observed with respect to 

smoking prevalence, occurrence of stenosis of multiple 

coronary arteries, stenosis of single coronary artery and 

trunk stenosis. On the whole, the significance of clinical 

parameters was found to be higher in the case of male 

patients (Table 2). 

Some differences between males and females 

were also observed with respect to the prescription of 

individual drug groups: while angiotensin-converting 

enzyme inhibitors (ACEI) were prescribed to men more 

frequently, angiotensin receptor type 1 (AT1R) blockers 

and diuretics were prescribed to women more often 

(Table 3). 

 
 
Table 2. Clinical characteristics. 
 

 
N-women 

(N=180) 

N-men 

(N=231) 

p-value 

 

Hypertension 78 % 75 % 0.194 

Diabetes mellitus 21 % 22 % 0.358 

Hyperlipoproteinemia 83 % 82 % 0.415 

Positive personal history of myocardial infarction 8 % 16 % 0.03 

Smoking 17 % 37 % 0.00 

Angina pectoris 59 % 66 % 0.04 

Stenosis of coronary artery 36 % 56 % 0.00 

Stenosis of trunk 3 % 11 % 0.0001 

Stenosis of RIA 27 % 41 % 0.0002 

Stenosis of RC 15 % 28 % 0.00006 

Stenosis of ACD 15 % 32 % 0.000001 

 
RIA = ramus interventricularis ant. art. cor. dextrae, RC = ramus circumflexus art. cor. sinistrae, ACD = arteria coronaria dextra 
 
 
Table 3. Therapy. 
 

 
N-women 

(N=180) 

N-men 

(N=231) 

p-value 

 

Anti-aggregation 78 % 75 % 0.194 

Beta blockers 59 % 59 % 0.523 

Inhibitors of ACE 40 % 53 % 0.001 

Inhibitors of AT1R 22 % 11 % 0.0004 

Ca-blockers 29 % 26 % 0.262 

Diuretics 30 % 22 % 0.02 

Statins 57 % 54 % 0.274 

Peroral antidiabetics (PADs) 12 % 12 % 0.475 

Insulin 3 % 3 % 0.446 

Nitrates 5 % 4 % 0.455 

Fibrates 30 % 27 % 0.279 
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Significant differences in systolic blood pressure 

in the aorta (p=0.01), pulse pressure in the aorta 

(p=0.0001) and LVEDP max (p=0.02) were observed 

between men and women of similar ages. Similar 

differences were not established in case of peripheral 

blood pressure values (data not shown). 

As significant gender-specific differences in 

central pulse pressure were observed, further statistical 

analyses were performed separately for each sex. Several 

significant genotype-phenotype associations of different 

polymorphisms in MMPs and their inhibitors were 

subsequently established (Tables 4 and 5). 

In women, the most frequent associations 

included polymorphisms in the MMP2 gene, associated 

with DBP_arm (AA carriers in MMP-rs243866 presented 

with the lowest values of DBP_arm) and moderate (GT 

carriers in MMP2-rs243864-790 suffer 3 times more 

frequently from moderate stages of angina pectoris) to 

severe (CC carriers in MMP2-rs2285053 have a 14.88 

times higher risk of severe angina pectoris occurrence) 

angina pectoris occurrence. 

In men, MMP12 gene polymorphisms were most 

frequently associated, especially with SBP_arm (TT 

carriers in MMP12-rs2276109 presented with the highest 

values of SBP_arm) and DBP_arm (either GG or AA 

homozygotes in MMP12-rs7123600 presented with 

higher values of DBP_arm compared to heterozygotes). 

 
 
Table 4. Significant genotype-phenotype associations in women. 
 

Polymorphism Phenotype Result 

MMP8 rs11225395 Age Carriers of the CC genotype comprised the significantly 

oldest group (median=66, range 55-81 years; p=0.02) 

MMP7 rs11568819 LVEDPmax The GG genotype polymorphism MMP7 rs11568819 has a 

higher level of LVEDP_max (median=14, range 4-33) in 

comparison with the AG genotype (median=10, range 6-

18); p=0.03 

TIMP2 rs8176329 EFangio The GG genotype (median=67, range 56-84) has the 

highest value of EF_angio in comparison with AG 

(median=60, range 56-84) and AA (median=60, range 45-

79); p=0.05 

MMP2 rs243866 DBP_arm Carriers of the AA genotype have the lowest value of 

diastolic blood pressure measured on the arm (median=80, 

range 70-90) in comparison with women with the following 

genotypes: AG (median=90, range 75-115), GG 

(median=90, range 60-115); p=0.005 

MMP12 rs7123600 Hypertension AA and GG genotypes are at an almost 5 times higher risk 

of hypertension in comparison with the AG genotype 

(OR=4.82 (1.89-12.30); p=0.001, pcorr=0.003) 

TIMP2 rs8176329 Diabetes mellitus Carriers of the AA genotype are at a 4 times higher risk of 

DM in comparison with carriers of the AG and GG 

genotypes (OR=4.14 (0.94-18.34); p=0.005, pcorr=0.02) 

MMP2 rs 2285053 Severe stage of angina 

pectoris (AP_CCS3) 

The CC genotype is associated with a 14.88 times higher 

risk of severe angina pectoris in comparison with the 

remaining genotypes (OR=14.88 (1.56-142.20); p=0.009, 

pcorr=0.03) 

MMP2 rs243864-790 Moderate stage of 

angina pectoris 

(AP_CCS2) 

Carriers of the GT genotype suffer 3 times more frequently 

from the moderate stage of angina pectoris (OR=3.38 

(1.55-7.36); p=0.0016, pcorr=0.005) 

TIMP2 rs8176329 Peroral antidiabetics 

(PADs) 

Administered 3 times more frequently to carriers of the AA 

genotype (OR=3.22 (1.15-9.00); p=0.015, pcorr=0.04) 
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Examined polymorphisms in MMPs and TIMPs 

were also associated with maximum left ventricular end-

diastolic pressure (LVDEPmax) (GG genotype in MMP7-

rs11568819 exhibited higher LVDEPmax in comparison 

with other genotypes) and ejection fraction measured by 

angiography (EFangio) (GG carriers in TIMP3-rs8176329 

exhibited higher EFangio values in comparison with other 

genotypes) in women; LVDEPmax and EFangio constitute 

the two most important parameters which reflect the 

functional properties of the heart. 
 
 
Table 5. Significant genotype-phenotype associations in men. 
 

Polymorphism Phenotype Result 

MMP8 rs11225395 Pulse pressure_aor Carriers of the TT genotype have the highest central pulse 

pressure (p=0.01) 

MMP12 rs2276109 SBP_arm Carriers of the TT genotype have the highest value of SBP 

pressure (p=0.01) 

MMP12 rs7123600 DBP_arm Carriers of both homozygotes (GG and AA) have the highest 

value of DBP pressure (p=0.009) 

MMP12 rs2276109 DBP_arm Carriers of the CC genotype have the highest value of DBP 

pressure (p=0.02) 

Promoter triple genotype 

(GGCCTT) in MMP2 gene 

Anti-aggregation 

therapy 

Prescribed almost 5 times more frequently to carriers of other 

genotypes 

MMP2 rs243866-1575 Ca blockers Administered twice as frequently to AG and AA patients in 

comparison with GG carriers (co-dominant model of heredity, 

OR=2.45 (1.34-4.47, pcorr=0.008, sensitivity 0.6, specificity 

0.8, power test 0.8) 

MMP8 rs2155052 Statins Administered 2.5 times more frequently to CG carriers in 

comparison with CC carriers OR=2.62 (1.02-6.73); p=0.03 

TIMP1 rs4898 Nitrates Patients with the T0 genotype were treated 3 times more 

frequently with nitrates in comparison with the C0 genotype 

(OR=3.30 (1.39-7.85); p=0.005) 

 
 

Four additional polymorphisms were found to be 

associated with central as well as peripheral blood 

pressure parameters in men (see Table 5). While in 

women these polymorphisms were associated with 

clinical conditions (hypertension, diabetes mellitus, 

angina pectoris), no such associations were observed in 

men. With respect to pharmacogenetics, four groups of 

drugs were found to be associated with genotypes in 

MMPs and their inhibitors in men (statins, nitrates, 

calcium channel blockers and anti-aggregation drugs; see 

Table 5), while only one drug group (PADs; see Table 4) 

was associated with variability in these genes in women. 

No difference in the dosage of these drugs between men 

and women was established (Table 3). 

 

Discussion 
 

 MMPs are proteinases which participate in the 

degradation and remodeling of ECM. From a 

physiological point of view, the activities of MMPs are 

thought to be precisely regulated, both at the level of 

transcription and activation of the pro-MMP precursor 

zymogens, and with respect to inhibition by endogenous 

inhibitors (TIMPs). Alterations in the regulation of MMP 

activity are believed to be involved in the pathogenesis of 

numerous diseases such as atherosclerosis, various types 

of cancer, fibrosis and other diseases. Key pathological 

effects of MMPs and TIMPs in cardiovascular diseases 

include vascular remodeling, atherosclerotic plaque 

instability and left ventricular remodeling after 

myocardial infarction. As excessive tissue remodeling as 

well as increased MMP activity have been identified 

during atherosclerotic lesion formation (including plaque 

disruption), MMPs represent an elegant target for 

therapeutic intervention aimed at the modification of 

vascular pathology by restoring the physiological balance 
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between MMPs and TIMPs (Beaudeux et al. 2004, 

Kadoglou et al. 2005). 

To the best of the authors’ knowledge, no 

comparable association studies with invasively measured 

central PP have been carried out to date, although 

polymorphisms in genes coding various MMPs and 

TIMPs were separately associated with different 

measurements of arterial stiffness, blood pressure and 

other cardiovascular parameters in various populations 

(Benetos et al. 1996, Hanon et al. 2001, Medley et al. 

2003, Chen et al. 2004, Medley et al. 2004). 

A number of additional gender-specific 

associations were observed in this study. While it is well-

known that cardiovascular risk differs between men and 

women, central PP is also physiologically higher in men 

than in women, thereby predisposing men to more severe 

coronary atherosclerosis, higher carotid media and intima 

thickness, left ventricular hypertrophy and diastolic 

dysfunction (Jankowski et al. 2004, Ostergren et al. 2008, 

Roman et al. 2010). Differences between the sexes may 

be explained by means of the well-known effect of 

estrogen but also by the not-so-well-known effect of 

other hormones/enzymes encoded on the X-chromosome, 

e.g. alternative angiotensin converting enzyme (ACE2) 

(Vasku et al. 2013) or TIMP2, examined in this study. 

Various MMPs and TIMPs are also activated in different 

parts of the body and influenced by various transcription 

factors (Visse and Nagase 2003, Klein and Bischoff 

2011), which may contribute to explaining the observed 

gender-related differences. 

Focusing now on individual MMPs, TIMPs and 

their polymorphisms, from the MMP2 polymorphisms 

examined within this study, we would like to point out 

rs243866, associated with DBP values in women and 

with the administration of Ca blockers in men, and 

rs2285053, associated with the severity of angina pectoris 

in women. rs243866 has previously been associated with 

stroke outcome (Manso et al. 2010), indicating its 

possible involvement in (cerebro)vascular diseases. This 

polymorphism is located within the promoter region of 

the MMP2 gene, likely affecting insulin promoter factor 1 

(IPF1) and POU domain class 5 transcription factor 1 

(POU5F1) binding, with the AA genotype presenting 

with increased transcription of MMP2 (Manso et al. 

2010). The results of this study, along with the results 

obtained by Manso et al., indicate that this polymorphism 

is involved in vessel function – regulating DBP in 

women, affecting the administration of Ca blockers 

(important for vasodilation) in men and cerebral vessel 

remodeling after a stroke, all of which may be altered by 

increased levels of MMP2 and increased ECM 

remodeling. 

In the case of rs2285053, associated with angina 

pectoris severity in women, the rs2285053 haplotype with 

rs243865 associates with hypertension-induced LV 

remodeling (Lacchini et al. 2012). It may be 

hypothesized that this polymorphism, also located in the 

promoter region of MMP2, affects the binding of other 

transcription factors expressed predominantly in heart, 

which may in turn result in LV remodeling (Lacchini et 

al. 2012) and the modulation of angina pectoris severity. 

Finally, MMP2 rs243865 was surprisingly not 

associated with any of the examined parameters, despite 

its previously reported associations with breast and 

bladder cancer susceptibility (Beeghly-Fadiel et al. 2009, 

Wieczorek et al. 2013) and its higher prevalence in obese 

children, where it also affects circulating MMP2 levels 

(Belo et al. 2013). 

The MMP3 rs3025058 polymorphism influences 

MMP3 expression by means of the altered binding of 

transcription factors, as shown in experiments performed 

on cell cultures where the 5A allele had a higher 

promoter activity (Ye et al. 1996). Homozygotes 5A/5A 

were found to suffer from higher arterial stiffness, while 

heterozygotes 5A/6A exhibited decreased stiffness 

(Medley et al. 2003). This association was not confirmed 

by this study. However, this polymorphism clearly 

deserves further attention since it is associated with an 

increased risk of coronary artery aneurysm formation in 

patients with Kawasaki´s disease (Shimizu et al. 2010), 

abdominal aorta aneurysm occurrence (Morris et al. 

2014, Saratzis et al. 2014) and also correlates with 

advanced stenosis (above 75 %) in coronary artery 

disease patients (Sakowicz et al. 2013). Surprisingly, 

even though it is associated with an increased risk of 

venous thromboembolism and the severity of coronary 

stenosis (Zee et al. 2009), it is not associated with 

myocardial infarction occurrence (Koch et al. 2010, 

Sakowicz et al. 2013), cervical artery dissection or 

varicose vein occurrence (Buss et al. 2009, Kurzawski et 

al. 2009). Further research on larger cohorts of patients as 

well as more in vitro/in vivo experiments should thus be 

performed to shed more light on the function of this 

polymorphism in vessel wall physiology and 

pathophysiology. 

The MMP-7 rs11568819 polymorphism has not 

been previously associated with any cardiovascular event, 

even though its association with circulating MMP7 levels 
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in patients with pulmonary fibrosis has been previously 

reported (Richards et al. 2012). The association of 

rs11568819 with LVEDPmax may also be the result of 

altered MMP7 levels. 

According to preliminary results published by 

Djuric et al. (2011), the rs11225395 is associated with the 

development of carotid atherosclerosis. A significant 

association of this MMP8 polymorphism with aortic PP 

and the use of statins was observed in the male cohort in 

this study; both of these indicators hint at the potentially 

important role of rs11225395 in large vessel physiology, 

remodeling and potentially even atherosclerosis, 

especially as statins represent one of the most effective 

lipid-lowering drugs. 

MMP-12 polymorphisms have previously been 

associated with coronary artery disease and aorta 

atherosclerosis (Ye 2006). The results of this study are 

coherent with existing findings, as homozygosity in 

rs7123600 is connected with hypertension in women and 

with increased DPB in men. The TT genotype in the 

second examined polymorphism, i.e. rs2276109, is also 

associated with increased SBP in men, all of which 

indicates a strong association of MMP12 function with 

blood pressure maintenance, especially in the case of 

DBP. 

Finally, with respect to polymorphisms in 

TIMPs, the examined TIMP-1 polymorphism is known to 

alter TIMP1 circulating levels (higher in patients with the 

T allele) (Lorente et al. 2013) and in our previous study, 

higher levels of circulating TIMP1 were independently 

associated with lower ejection fraction and worse acute 

heart failure symptoms in men (Goldbergova et al. 2012). 

In this study, a more frequent administration of nitrates 

was observed in men bearing the T allele, which may be 

indicative of worse symptoms of angina pectoris and 

myocardial ischemia. To the best of our knowledge, 

TIMP2 and TIMP3 polymorphisms have not been studied 

to date and the newly observed associations of TIMP2 

with ejection fraction in women are thus potentially very 

significant. Moreover, the association with both diabetes 

mellitus and the use of PADs (also in women) also 

indicates the potential involvement of TIMP2 in the 

pathophysiology of diabetes mellitus. 

To conclude, this study reports numerous effects 

of genetic variability in MMP-signaling associated genes 

on multiple parameters of cardiovascular hemodynamics 

as well as distinct clinical phenotypes of stable ischemic 

patients with preserved systolic functioning of the left 

ventricle. The results of our research, focusing initially on 

the identification of genetic predisposition markers for 

high pulse pressure, may shed light onto numerous 

pathophysiological pathways and mechanisms involved 

in cardiovascular pathologies and thus contribute to our 

knowledge of physiological control mechanisms under 

pathophysiological conditions and provide a point of 

departure for a more detailed exploration of the genetic 

background of cardiovascular diseases, including their 

onset, development and therapy. 
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