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ASSOCIATION OF MMP-9 GENETIC POLYMORPHISM AND
MMP-9 CONCENTRATION WITH ECHOCARDIOGRAPHIC
PARAMETERS IN UKRAINIAN PATIENTS WITH
CORONARY ARTERY DISEASE

Introduction. Cardiovascular diseases are the main cause of
reduced life expectancy, workability, and death among the people
of Eastern Europe. Matrix metalloproteinase-9 (MMP-9) is
known as one of the leading factors involved in the development
and progression of atherosclerosis and heart remodeling. The
increasing sizes of the heart’s chambers lead to changes in the
electrophysiological properties of the myocardium and to the
subsequent occurrence of arrhythmias and conduction disorders.

Materials and methods. The study included 25 patients with
intact coronary arteries (CA), 40 patients with acute coronary
syndrome (ACS) and 63 patients with chronic coronary syndrome
(CCY9) to investigate the effect of MMP-9 polymorphism and its
serum concentration on changes in echocardiographic parameters.
Real-time PCR was carried out for genotyping on the rs17567-
polymorphic locus and ELISA study was performed to measure
the MMP-9 plasma concentration.

Results. Statistically significant differences were found in the
thickness of the posterior wall of the heart among carriers of the
G-allele and AA-homozygotes for the MMP-9 rs17576-single
nucleotide polymorphism but only in patients with ACS. The size
of the left ventricle posterior wall can be predicted for carriers of
these genotypes.

Conclusions. The study revealed no statistically significant
relationship between MMP-9 concentration and echocardiographic
parameters in patients with ACS and CCS. However, there were
statistically significant differences in the left atrium diameter and
thickness of the posterior wall of the left ventricle depending on
the genotype for MMP-9 rs17576-single  nucleotide
polymorphism only in patients with ACS. The size of the
posterior wall of the left ventricle can be predicted for carriers of
AG and GG genotypes.

Keywords: MMP-9; genetic polymorphism; coronary artery
disease; echocardiography.
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AcCoHIALIAA TEHETHYHOI'O MNOJIMOP®IZMY MMP-9
TA KOHIIEHTPAIIIl MMP-9 3 EXOKAPJAIOTPA®IYHUMHU
IMAPAMETPAMMU B YKPATHIIIB, XBOPUX HA IHIEMIYHY
XBOPOBY CEPIIA

Beryn. CepueBo-cyiMHHI  3aXBOpIOBaHHS € OCHOBHOIO
MPUYUHOI0O CKOPOYEHHS TPUBAJOCTI XXHUTTA, MPale3qaTHOCTI Ta
CMEPTHOCTI JKUTEIIIB Cxignoi €spomnu. MatpuxkcHa
MeTanonporeinaza-9 (MMP-9) Bimoma sk OIMH 3 NPOBIAHHUX
(haxTopiB, MmO OepyTh y4acTb Yy pO3BUTKY Ta MHpPOTpecyBaHHI
a TakOX PEMOJEIIOBAHHI CEpLEBOTO M A3Y.

30inpIIeHHS pO3MIpiB KaMep cepls IMPU3BOAUTH 1O 3MiHHU

aTePOCKIIEPO3y,

eJIeKTPO]i3i0MOTIYHUX BIIACTHBOCTEH MioKapaa, MPU3BOAHUTH IO
MOJaNBIIIOTO BUHUKHEHHS apUTMill i MOPYIICHHS IPOBiTHOCTI.
Marepiaam Ta Merogu. Jlo  OCHIIKEHHS  BIUIUBY
nosiMopdizmy MMP-9 1 1i koHueHTpauii B cupoBarui KpoBi Ha
3MiHM eXxokapaiorpadiyHUX mNapaMeTpiB Mu
Mali€eHTIB 3 IHTAaKTHUMH KopoHapHumu aptepismu (KA), 40
nami€eHTiB 3 roctpuM KopoHapHuMm cunapomoMm (I'KC) ta 63

MaIi€HTIB 3 XpOoHIYHMM KopoHapHuM cuHApoMoM (XKC). [ns

3ajgyunnud 25

TEHOTHUITYBaHHS MoxiMopdHOro nokycy rs17567 Oyma mposeneHa
ITJIP y pekuMi peanpbHOTO 4acy, a I BUMipIOBaHHS KOHIICHTpPAMii
MMP-9 y mna3mi Oymno nposeneHo nociimkenas [OA.
Pe3yasTaTn. BUSBICHO CTATHCTHYHO 3HAYYINI BiIMIHHOCTI B
TOBIIMHI 3aJHBOI CTIHKH cepls cepex HociiB G-ameni Ta
OCHOBHHUX roMo3uroT AA mnosimMopdizmy MMP-9 rs17576 nuuie y
I'KC. Hns
CIIPOrHO3YBATH PO3MIipH 3aJHBOT CTIHKH JIIBOTO HUTYHOYKA.
BucnoBku. JlociijuKeHHS — HE
3BA3KYy  MIX

XBOpHX Ha HOCIIB 1MX T'€HOTHUIIB MOXHa

BUSABUJIIO  CTATUCTUYHO
MMP-9 Ta

exokapaiorpadgigaumu mapamerpamu y namnieatis 3 ['KC ta XKC.

3HAYYIIOTO KOHIIEHTpPAaIi€10
IIpote y mamientiB 3 ['KC crmocrepiraiucs cTaTUCTHYHO 3HATYIIL
BIZIMIHHOCTI B JiaMeTpi JIIBOTO Mepeaceps Ta TOBIIMHI 3aJHBOT
CTIHKH JIIBOTO IIJYHOYKAa B 3aJEXHOCTI Big TEHOTHUILY
OJHOHYKJICOTHIHOTO ToxiMopdpizsmy MMP-9 rs17576. JInsa HOCIiB
reHotuniB. AG 1 GG MoXHa NpPOTHO3YBaTH pPO3MIpH 3aJHBOT
CTIHKH JIiBOTO MITYHOYKA.
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INTRODUCTION / BCTYII

Coronary artery disease (CAD) is a global
medical problem that is the leading cause of death
in both developing and developed countries,
especially in older people [1-3]. MMPs play a
vital role at all stages of atherosclerosis through
vascular inflammation, endothelial dysfunction,
smooth  muscle cell migration, vascular
calcification, extracellular matrix degradation,
plague activation, and destabilization [4-6].
Several studies reported that the levels of MMPs
and their matrix-degrading activity increased in
exposed areas of atherosclerotic plaques or
following acute coronary syndrome [7-8]. As a
result, it is expected that genetic defects resulting
in the overexpression of activated MMPs play a
crucial role in the pathogenesis of CAD and
remodeling of the heart. MMPs are zinc-
containing enzymes that belong to a natural
protease family. Among the MMP family, MMP-9
is the most critical enzyme produced by the
endothelial cells and vascular smooth muscle cells
in the vascular wall, neutrophils, and monocytes
[6]. Nowadays, it is accepted that genetic
component has a significant role in the
development of CAD. The human MMP-9 gene,
which is located on chromosome 20q12.2-13.1,
contains 13 exons and 12 introns. Few gene
polymorphisms of MMP-9 have been investigated
in relation to CAD. One of them, R279Q
(rs17576) of the MMP-9 gene, located in exon 6,
is A to G substitution that results in a change in
amino acid arginine (R) to glutamine (Q) which
lowers the catalytic domain activity of the enzyme
[9]. We analyzed seven case-control studies with
5525 cases and 2497 controls concerning MMP-9
(R279Q) polymorphism and risk of CAD [10-16].
Of those, four studies were performed in Asians
and three studies were in Europeans. They showed
different, sometimes contradictory results in
different populations [3].

Our previous study found an association
between serum MMP-9 concentrations and the
risk of developing ACS in Ukrainian patients [28].
It is known that MMP-9 affects the remodeling of
the heart chambers. The increasing size of the
heart’s chambers leads to changes in the
electrophysiological properties of the myocardium
and to subsequent arrhythmias and conduction
disorders. Therefore, our study aimed to study the
association of MMP-9 concentration and rs 17576
polymorphism of the MMP-9 gene with the size of

the heart chambers (echocardiographic
parameters) in patients with CAD in the Ukrainian
population.

Materials and Methods

1. Subjects

128 patients of Sumy Regional Cardiological
Clinic (Sumy, Ukraine) were involved in our
study. All participants were divided into three
groups: 25 patients with angiographically normal
(intact) coronary arteries (CA); 40 patients with
ACS and 63 patients with CCS, which included
class 2-3 stable angina or myocardial infarction
(MI) in the past. This study was conducted in
accordance with the Declaration of Helsinki
(1964). The study protocol was approved by the
Ethics Committee of the Medical Institute of
Sumy State University, and each participant was
required to provide written informed consent. We
recorded clinical data, including age, gender,
height, weight, smoking status, the presence of
arterial hypertension (defined as systolic blood
pressure > 140 mmHg and/or diastolic blood
pressure > 90 mmHg and/or in case subjects were
receiving antihypertensive medication). Body
mass index (BMI) was also calculated. All patients
were examined using electrocardiography (ECG),
coronary angiography, echocardiography. We
used Vivid-5 (General Electrics, USA) to estimate
echocardiographic ~ parameters.  Left atrium
diameter (LAD), posterior wall thickness (PWT),
interventricular septum thickness (IWST), left
ventricular end-diastolic diameter (LVEDD) we
measured in parasternal long axis view in B-mode.
Ejection fraction (EF) was detected by Simpson in
apical view. After coronary angiography, patients
with intact CA were assigned to a separate group.
A troponin test was conducted for patients with
ACS immediately after admission to the hospital.
Overnight fasting venous blood samples were
collected from each subject for total cholesterol
(TC), low-density lipoprotein (LDL — cholesterol),
high-density lipoprotein (HDL - cholesterol),
triglyceride (TG), AST, ALT, glucose, fibrinogen,
erythrocytes, hemoglobin, leucocytes. The
glomerular filtration rate was calculated with
QXMD Calculator (https://gxmd.com/calculate).
Blood for detecting MMP-9 and rs 17567 MMP-9
polymorphism was drawn under standardized
conditions before coronary angiography. Blood
samples for measuring MMP9 levels were taken
and centrifugated immediately after admission to
the hospital. Then serum was stored at — 80° C.
The drugs for the treatment of each group
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corresponded to the current protocols for
managing patients with the corresponding disease.
ACS patients received double antiplatelet therapy,
anticoagulant, beta-blocker, ACE inhibitor, statin.
Patients with CCS — antiplatelet drug (aspirin or
clopidogrel), beta-blocker, ACE inhibitor, statin.
Regardless of nosology, patients with EF below
35% received an aldosterone  antagonist
(eplerenone).

2. ELISA study

The extracted serum was stored at -80°C
before MMP-9 concentration detection. The total
serum MMP-9 levels were measured using
commercial ELISA immunoassay following the
manufacturer’s instruction (Platinum ELISA,
Affymetrix eBioscience, BMS2016/2 MMP-9,
Bender MedSystems GmbH) in all patients.

3. Genotyping

DNA extraction was carried out using whole
venous blood by means of “GeneJET Genomic
DNA Purification Kit” (Thermo Fisher Scientific,
Lithuania). The genotyping for MMP-9 rs17567-
single nucleotide polymorphism was performed by
Real-time PCR using 7500 Fast Real-time PCR
System (Applied Biosystems, Foster City, USA)
and Tag-Man Assays (TagMan®SNP Assay
C_11655953_10). PCR conditions were as
follows: denaturation at 95°C for 45 seconds,
treatment at 95°C for 15 seconds, and 60°C for 30
seconds (45 cycles). The data obtained were
processed with 7500 Fast Real-time PCR
Software.

4. Statistical analysis

All statistical calculations were done using
Statistical Package for the Social Sciences
software (SPSS, version 22.0, Chicago, IL, USA).
The distribution normality of continuous variables
was proved using the Kholmogorov—Smirnov test.
Categorical variables were presented as absolute
and percentage values. Continuous parameters
were presented as mean + standard deviation (SD)
or median with interquartile range. Normally
distributed continuous parameters were compared
with the help of a two-tailed Student’s t-test. The
Mann—Whitney test was used to compare the
continuous data with other types of distribution.
All categorical variables, genotype and allele
frequencies were compared using a chi-squared
(x®) test. The allele distribution compliance with
the Hardy—Weinberg equilibrium was determined
by the Calculator of Hardy—Weinberg equilibrium
(https:/iwpcalc.com/en/equilibrium-hardy-weinberg/)
for each group. The association analysis between

MMP-9 rs17567-polymorphism as well as MMP-9
serum concentration and echocardiographic
parameters in ACS and CCS patients was
performed using correlation analysis and linear
regression. Kruskal-Wallis test was used to
compare echocardiographic parameters of CAD
patients depending on the genotype. The value
P < 0.05 was accepted as significant.

Results

When we compared the characteristics of
patients with CAD and patients with intact coronary
vessels, it was found that the comparison groups
were not statistically different in the presence of
BMI, hypertension, smoking, CX, LDL, HDL, TG,
GFR, hemoglobin, erythrocytes (Table 1).
However, a statistically significant difference was
found in the group of patients with ACS concerning
the following: glucose — 5.35 mmol/L (P = 0.001),
fibrinogen — 2.2 g/L (P = 0.003), ALT — 99.05 U/L
(P <0.001), AST —45.2 U/L (P = 0.003), MMP-9 —
449.4 ng/ml (P = 0.002). The group of patients with
CCS was statistically significantly different with age
60.35+ 7.95, glucose content — 4.7 mmol/L (P =
0.01), fibrinogen — 3.7 ¢g/L (P = 0.038), MMP-9 —
354.35 ng/ml (P = 0.004). The highest MMP-9
concentration had patients with ACS, the lowest —
patients with intact coronary arteries and patients
with CCS had a middle range of MMP-9 (Table 1).

Using correlation analysis, we did not reveal a
statistically ~ significant  relationship  between
MMP-9 concentration and echocardiographic
parameters in patients with ACS and CCS
(Table 2).

We found statistically significant differences
between echocardiographic parameters (PWT and
LAD) and the MMP-9 rs17576-polymorphic
variant only in patients with ACS (Table 3). After
the Bonferroni correction, there were no
statistically significant differences in LAD
between genotypes for both groups. In contrast,
the differences persisted for PWT in the ACS
group (P* = 0.033).

The  association of  echocardiographic
parameters and MMP-9 rs17576-single nucleotide
polymorphism was investigated using simple
linear regression (Table 4).

There were statistically significant differences
in the thickness of the posterior wall of the heart
between carriers of the G-allele and the main
homozygotes of AA in a group of patients who
had ACS (Table 4). Thus the thickness (L) of the
posterior wall of the heart can be predicted using
the obtained linear regression equation.
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Table 1 — Baseline characteristic of subjects

Index ACS CCS Intact P, P,
n=40 n =63 n=25
Age, years® 58.35+9.17 60.35 + 7.95 55.4+9.03 0.209° [0.013"
Gender, men/women 35/5 55/8 20/5 0.415 |0.384
BMI, kg/m?® 28.69 + 4.08 30.24 +4.97 31.18 + 5.99 0.051° |0.452°
AH, n (%) 29 (72.5) 51 (81) 19 (76) 0.755 |0.603
Smoker, n (%) 17 (42.5) 11 (17.5) 5 (20) 0.062 |0.781
Cholesterol, mmol/L? 443+1.15 444+1.18 476 +1.67 0.365° [0.324°
Triglyceride, mmol/L 1.44 +0.75 1(0.84-1.29)° 1.24 +0.58* 0.295" |0.369°
HDL, mmol/L? 1.02 (0.89-1.14) 2 1.09 +0.31* 1.07 (0.91-1.44)% | 0.279* |0.439°
LDL, mmol/L 2.61 (2.2-3.38) 2.73 (2.07-3.44) 2.8 (1.99-3.36) 0.805° |0.628°
Glucose, mmol/L* 5.35 (4.6-6.9) 4.7 (4.2-5.78) 3.89(3.53-4.58) | 0.001* | 0.01°
Fibrinogen, g/L* 2.2 (2-2.8) 3.7 (2.4-27.1) 3(2.55-3.2) 0.003* |0.038"
GFR (EPI), ml/min® 70.89 + 21.87 74.41 + 18.83 79.91 +27.8 0.242° |0.395°
ALT, U/L 99.05 (52.98-212.88) | 26.35(19.18-36.08) | 25.35(19.3-33.28) | <0.001%|0.811°
AST, U/L! 45.2 (26.78-66.58) 28 (22.6-35.9) 22.25(19.88-27.73) | 0.003* |0.168°
MMP-9* 449.4 (151.15-624.5) | 354.35 (149.98-575.58) | 67.97 (34.88-303.6) | 0.002° |0.004°
E%tgigytes’ 4524054 441051 446407 0.749° [0.733°
Hemoglobin, g/L? 148.34 + 16.79 145.4 + 14.84 147.11 + 16.85 0.799° [0.679°

ACS: acute coronary syndrome; CCS: chronic coronary syndrome; Intact: patients with intact coronary arteries; n:
number of cases; BMI: body mass index; AH: arterial hypertension; HDL: high-density lipoprotein; LDL: low-density
lipoprotein; GFR (EPI): glomerular filtration rate (according to the Chronic Kidney Disease Epidemiology Collaboration);

ALT: alanine aminotransferase; AST: aspartate aminotransferase.
!Data are given in the form of median and interquartile range;
2Data are given as mean and standard deviation;

#Comparison was performed using the Mann-Whitney criterion;
Comparison was performed using Student’s t-criterion. Py: P-value for ACS and Intact group comparison;
P,: P-value for CCS and Intact group comparison

Table 2 — Analysis of the correlation between echocardiographic parameters of patients with ACS and CCS
and the concentration of MMP-9

Index R! p? R? p?
LAD, mm -0.131 0.582 -0.265 0.124
LVEDD, mm -0.36 0.119 0.183 0.294
IVST, mm 0.066 0.781 0.153 0.394
PWT, mm -0.016 0.946 -0.052 0.773
EF, % 0.25 0.288 0.101 0.557

LAD: left atrium diameter LAD; LVEDD: left ventricular end diastolic diameter; IVST: interventricular

septum thickness; PWT: posterior wall thickness, EF: ejection fraction;

r — Pearson correlation coefficient; R1, pl — for patient with ACS, R2, p2 — for patients with CCS

227
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Table 3 — Echocardiographic parameters of patients with ACS and CCS depending on the MMP-9 rs17576-
polymorphic variant

Genotype
Index
AA (n=20) AG (n=23) GG (n=5) P P,
ACS CCS ACS CCS ACS CCS
LAD, mm |42 (40.5-44) | 43 (42-45.75) | 40(38-41) | 43(41-47) | 42.5(39.75-50.5) | 43 (37.5-46.5) g'f;:a 0.914
LVEDD, mm |52 (50-56.5) | 53 (50-55) | 50(49-54) | 54(50-57) | 51(47.75-52.75) | 54 (52.5-56.5) |0.424 |0.592
IVST, mm 13(12-15) | 12(11-13) | 12(12-13) | 14(12-14) 12 (12-14.25) | 13.5(12.25-155) | 0.135 |0.172
PWT, mm 12 (11-12) | 11(10-11) |11(105-115)| 115(11-13) | 105(10-11) | 10.5(9.25-11.75) 83)31; 0.149
EF, % 47 (42-54) | 49 (45-62.25) | 55 (47.5-55) |58 (47.75-62) | 53.5 (49-60.25) 56 (51.5-59) | 0.172 | 0.467

LAD: left atrium diameter LAD; LVEDD: left ventricular end diastolic diameter; IVST: interventricular septum thickness;
PWT: posterior wall thickness, EF: ejection fraction.
Note. For each genotype, the values of cardiac parameters in the form of median and interquartile range are given. P, — for
patient with ACS P, — for patient with CCS. P? — P-value after Bonferroni correction

Table 4 — Analysis of the association between MMP-9 rs17576-single nucleotide polymorphism and
echocardiographic parameters in patients with ACS and CCS

Analysis of the relationship between MMP-9 polymorphism and LAD

ACS CCs
Regression model P B r? P B r?
AG vs AA 0.078 -3.59 0.753 -0.46
GG vs AA 0.588 1.437 0.149 0.382 -2.21 0.014
Constant <0.001 4281 <0.001 4441

Analysis of the relationship between MMP-9 polymorphism and LVEDD

ACS CCs
Regression model P B r2 P B r2
AG vs AA 0.29 -1.812 0.689 0.642
GG vs AA 0.314 -2.312 0.063 0.564 1.607 0.007
Constant <0.001 52.81 <0.001 52.79

Analysis of the relationship between MMP-9 polymorphism and VST

ACS CCs
Regression model P B r? P B r?
AG vs AA 0.074 -1.278 0.669 0.231
GG vs AA 0.422 -0.75 0.121 0.445 0.786 0.012
Constant <0.001 135 <0.001 12.96

Analysis of the relationship between MMP-9 polymorphism and PWT

ACS CCs
Regression model P B r2 P B r2
AG vs AA 0.045 -0.764 0.743 0.188
GG vs AA 0.009 -1.375 0.277 0.669 -0.464 0.007
Constant <0.001 11.88 <0.001 11.88

Analysis of the link between MMP-9 polymorphism and EF

ACS CCs
Regression model P B r2 P B r2
AG vs AA 0.28 3.444 0.239 3.56
GG vs AA 0.221 5.25 0.078 0.435 4.124 0.029
Constant <0.001 49 <0.001 51.28

LAD: left atrium diameter LAD; LVEDD: left ventricular end diastolic diameter; IVST: interventricular septum thickness;
PWT: posterior wall thickness, EF: ejection fraction
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Discussion

Our study demonstrated that patients with ACS
had the highest level of MMP-9 concentrations
compared to the CCS and the group with intact
coronary  arteries. Few  previous  studies
demonstrated that MMP-9 could serve as a
biomarker of vulnerable plaques and should be a
risk marker for plaque rupture [17, 18, 19]. Also,
MMP-9 levels elevated earlier than high-sensitive
troponin T and had a higher diagnostic value for
the early stage of ACS [20].

An association of the MMP-9 serum
concentration  with  the  echocardiographic
parameters was not found in patients with ACS
nor in patients with CCS. Studies by Sundstrom et
al. (2004) enrolling 699 patients with no history of
heart failure and myocardial infarction found that
only in men detectable plasma MMP-9 was
associated with an almost three times higher
chance of increased LVEDD and with 2.5 times
higher chances of increasing Left ventricular wall
thickness. In men, a positive association was
determined between the detectable plasma MMP-9
with LV mass and left ventricular wall thickness.
In neither men nor women, LVEDD was
associated with the detected MMP-9 [21].
Sundstrom et al. (2004), after summarizing the
results, suggested that the increased plasma
MMP-9 levels observed in the phenotypes of left
ventricle remodeling in men could indicate
increased activity of one or both of the processes
of wvascular and cardiac remodeling. Plasma
MMP-9 levels were associated with several
aspects of LV remodeling, and also that MMP-9
was associated with LV scores after adjusting for
risk factors may contribute to the notion that
plasma MMP-9 is a marker of cardiac ECM
remodeling [21]. Kelly D. et al. (2007) also
supported information that different
concentrations of MMP-9 affected the remodeling
of the heart in patients in different ways in specific
periods after acute myocardial infarction [22].

CONCLUSIONS / BUCHOBKHA

In the present research, we analyzed the link of
MMP-9 serum concentration and MMP-9 rs17567-
polymorphic  variant  with  echocardiographic
parameters among Ukrainians with CAD.

We did not reveal a statistically significant
relationship between MMP-9 concentration and
echocardiographic parameters in patients with

Elevated MMP-9 levels, especially in concentric
hypertrophy, were shown by Franz M, 2009 [23].
Saglam et al. demonstrated higher levels of
MMP-3 and MMP-9  concentrations in
hypertensive subjects with ventricular hypertrophy
and a statistical correlation of these MMPs with
left ventricular PWT and Doppler indices of
diastolic dysfunction [24]. Similarly, Ahmed et al.
(2006) found an increased MMP-9 and TIMP-1
concentration in subjects with left ventricular
hypertrophy and higher levels of TIMP-1 in those
with chronic heart failure [25]. Pauline B. C. et al.
(2020) demonstrated that the MMP-9 level was
associated with a smaller LA volume index,
independent of CVD risk factors [26].

Only a few studies were found about the
association of the MMP-9 genotype with the size
of the heart chambers. In patients with acute
myocardial infarction, the presence of the G allele
of the rs17576 polymorphism MMP-9 gene and
other factors increased the likelihood of
hypertrophic left ventricular remodeling [27].
Also, the presence of the minor allele G of the
rs17576 polymorphism of the MMP-9 gene and
the C allele of the MMP-20 rs2245803 gene
(CK =-2.228) enhanced its association with
hypertrophic changes in left ventricle geometry
[27]. Opstad T.B. et al. (2012) revealed that a
variant allele of the exon 6 R279Q A/G
polymorphism associated with hypertension and
the GG genotype this polymorphism gene induced
lower MMP-9 gelatinolytic activity (p = 0.01) in
patients with angiographically verified stable
CAD [16].

The results of our study showed association
with echocardiographic parameters (LAD and
PWT) only in the group of patients with ACS. In
addition, in patients with ACS, statistically
significant differences in PWT were revealed
between carriers of the G-allele and the main
homozygotes of AA.

ACS and CCS. However, there was a statistically
significant difference in the left atrium diameter
and thickness of the posterior wall of the left
ventricle depending on the genotype for MMP-9
rs17576-single  nucleotide polymorphism in
patients with ACS. The size of the posterior wall
of the left ventricle can be predicted for carriers of
AG and GG genotypes.
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PROSPECTS FOR FUTURE RESEARCH / TEPCIHEKTUBHU NMOJAJBIINX JOCJIIKEHb

Some limitations of the present study should also be noted. Further studies with expanded comparison groups
are needed to confirm the obtained results. It will also be interesting to explore the expression of MMP-9 in

cases and controls depending on the 17576-polymorphism.
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