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Aim. Assessment of the contribution of the rsl799750 polymorphism of the MMP1 gene
of the rs2276109 and polymorphism of the MMP12 gene to the development of varicose
veins disease of the lower limb (VVDLL) and its thrombotic complications.

Material and methods. A total of 316 people were enrolled in the study, 161 patients
with VVDLL and venous thrombosis were included in the main group, and 155 conditionally
healthy individuals were included in the control group. The frequency of detection of the
rsl799750 polymorphism of the MMP1 gene and polymorphism rs2276109 of the MMP12
gene was investigated in all subjects using the Real-time PCR method.

Results. Study of the distribution of the mutant homozygous 2G/2G rs1799750 genotype of the
MMP1 gene revealed a marked tendency for its prevalence in the subgroup of patients with venous
thrombosis, where its proportion was 30.0%, versus the control group, where it was detected in
18.7% of cases, respectively (x2=3.5; p=0.06;, RR=1.8; 95%CI:0.97-3.5 OR=2.3; 95%CI:0.95-
5.4).

The degree of detection of the mutant homozygous genotype G/G rs2276109 of the MMP12
gene was at a very low level - it was detected in only one patient with VVDLL complicated by
venous thrombosis: in 2.0% of cases vs. 0.6%, respectively (x2=0.6; p=0.4;, RR =2.0; 95%ClI.:0.5-
8.1, OR=3.0, 95%CI:0.2-48.2).
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Conclusions: Carriage of 2G/2G genotypic variant of rs1799750 polymorphism of MMP1
gene is reliably associated not only with VVDLL formation but also with the development
of venous thrombosis.

The presence of unfavorable allelic variant of rs7123600 polymorphism of MM P- 12 gene
may not serve as an early marker of development of structural changes of vein wall and
VVDLL of lower limbs as well as development of thrombotic complications.

Keywords: rsl799750, MMP1 gene, rs2276109, MMP12 gene, VVDLL, venous thrombosis,
thrombotic complications.

Introduction. The prevalence of chronic venous insufficiency of the lower extremities
determines its relevance. The highest incidence of this pathology occurs in the age period
over forty years. If on average in the world the prevalence of VVDLL reaches 10-15%
of the working-age population, then in economically developed countries - for example,
in the USA and countries of Western Europe - up to a quarter of the population [1, 2;
3; four]. It is known from other sources that, on average, clinically significant changes
in the saphenous veins are recorded in 40% of the examined. According to the authors,
up to a third of the population suffers from various forms of VVDLL [4]. At the same
time, complications in the form of trophic disorders (ulcerative defects) can be detected
in approximately 1% of the examined patients with VVDLL. The annual increase in the
incidence of VVDLL is about 3.0% [4, 5, 6; 7].

A significant role in the etiopathogenesis of VVDLL is played by genetic disorders in
the regulation of the components of the extracellular matrix, in particular, its degradation
under the action of proteolytic enzymes synthesized by endothelial cells and macrophages.
Among these enzymes, matrix metalloproteinases (MMPs) play a significant role [8; 9].
Regulation of expression and activity of MMPs is an important part of extracellular
matrix homeostasis [ 10]. Despite the numerous works devoted to the study of the importance
of matrix metalloproteinases in the development of VVDLL (in particular, the researchers
described the results of studies of the transcriptional activity of metalloproteinase genes
in vivo and in vitro), there is still insufficient data on the impact of MMPs gene defects
on the clinical course and the occurrence of complications in this disease [11; 12; 13].

Another well-known metalloproteinase is MMP12, for which the association of the
1s2276109 polymorphism of the MMP12 gene with the development of oncopathology,
endometriosis, and coronary heart disease has already been shown [12; 14; 15].

The release of matrix metalloproteinase 12 (MMP12) by induced macrophages leads
to the destruction of several components of the venous matrix, which facilitates the
penetration of macrophages into the site of tissue damage [8; 16]. The developing local
inflammatory reaction leads to the activation of free radical oxidation, and the release
of protease enzymes leading to the destruction of the collagen fibers of the vein wall.
This, in turn, leads to an increase in the activity of the proliferative activity of smooth
muscle myocytes. However, newly synthesized young myocytes synthesize the components
of the intercellular matrix in a much greater amount and vice versa, contractile elements
in a smaller amount, which affects both the morphological structure and the functionality
of the venous wall. Morphologically, this leads to thickening and disorganization of the
connective tissue of the venous wall, which reduces its ability to perform a frame
function and reduce the overall contractility of the vein. As a result, these changes lead
to pathological restructuring and expansion of the veins [17, 23].

This paper presents the results of a study of the association of polymorphic loci
151799750 of the MMP1 gene and rs2276109 of the MMP12 gene with the development
of VVDLL and its thrombotic complications.

Purpose of the study. Evaluation of the contribution of polymorphisms rs1799750 of
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the MMP1 gene and rs2276109 of the MMP12 gene to the development of VVDLL and
its thrombotic complications.

Material and methods

In total, the study involved 316 people who were included in the following subgroups
(Figure 1).

» la) a subgroup of patients with

. an 1solated form of VVDLL
1 ) Main group without venous thrombosis
(n=111),
(n=1 61 ) * 1b) subgroup of patients with

LVL complicated by venous
thrombosis (n=50)

» conditionally
2) Control group (n=155) healthy persons

Figure 1. Scheme of the study - the distribution of the examined patients and
control groups

In all examined individuals of the main and control groups, the frequency of detection
of polymorphisms rs1799750 of the MMP1 gene and rs2276109 of the MMP-12 gene
was studied. For the study, blood was taken from all subjects in vacuum tubes with
EDTA. A PCR analysis of the selected biomaterial was carried out using the Real-Time
PCR method. DNA isolation from peripheral blood lymphocytes was performed using
the AmpliPrime RIBO-prep kit (Next Bio LLC, Russia). Detection of polymorphism
was carried out using test systems of LLC research and production company Litech
(Russia) according to the manufacturer's instructions. Amplification was performed
using a Rotor Gene Q device (Quagen, Germany).

The software package "OpenEpi 2009, Version 2.9" was used as a tool for calculating
the obtained data.

Results

Tables 1-4 present the results of a study of the frequency of distribution of alleles and
genotypes of the rs1799750 polymorphism of the MMPI gene in the main group of
patients with VVDLL and phlebothrombosis compared with the control sample.
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Table 1.
Distribution of alleles and genotypes of the rs1799750 polymorphism of the MMP1
gene in groups of patients and controls

Frequency distribution of:

N G alleles genotypes
? roups " 16 2G | 1GAG | 1G2G | 2G2G
n (yo n (yo n (yo n (yo n (yo
1 Main group: 161(157/48.8/165|51.2| 43 [26.7| 71 |44.1| 47 |29.2
1a)VVDLL 111{109]49.1{113(50.9| 30 |27.0| 49 |44.1| 32 |28.8
1b|Venous thrombosis| 50 | 48 [48.0] 52 [52.0] 13 [26.0| 22 [44.0| 15 [30.0
2 |Control group 155(1831(59.0{127141.0| 57 |36.8| 69 |44.5| 29 |18.7

The frequency of the wild-type 1G allele of the rsl799750 polymorphism of the MMP1 gene
was 48.8% in the main group versus 59.0% in the control group (x*=6.7; p=0.01; RR=0.8;
95%CI:0.7-0.95; OR=0.7, 95%CI:0.5-0.9) (Table 2). The frequency of the unfavorable 2G allele
prevailed in the main group at 51.2%, which was higher than in the control sample at 41.0%
(*=6.7; p=0.01; RR=1.2; 95%CI:1.1-0.4; OR=1.5, 95%CI:1.1-2.1) (Table 2).

Table 2.
Associative association of the rs1799750 polymorphism of the MMP1 gene in the
main group relative to the control group

= 2 Main Control Statistical difference
g g group group | Relative risk | Odds ratio | x> |p-value
= £ (n=161) | (n=155), RR |95% CI: |OR |95% CI:
< %
1G 48.8 59.0 0.810.7-0.95 | 0.7 | 0.5-0.9

6.7; 0.01
2G 51.2 41.0 1.2 1.1-14 | 1.5] 1.1-2.1
1G/1G 26,7 36.8 0.8 0.6-1.1 |0.6| 0.4-1.0 |3.7| 0.05
1G12G 44,1 44 .5 1.21 09-16 |14 0823 |14 0.2
2G2G 29.2 18.7 1.4 1.1-19 (2.1 ] 1.2-4.0 [6.1| 0.01

The frequency of 1G/1G wild-type genotype carriage was lower (trend) in the main group
compared to the control group, 26.7% versus 36.8%, respectively (*=3.7; p=0.05; RR=0.8; 95%CI
0.6-1.1; OR=0.63; 95%CI:0.4-1.0). The detection rate of heterozygous 1G/2G genotype was
statistically insignificantly prevalent among patients in the main group with VVDLL and venous
thrombosis compared with the control group, 44.1% versus 44.5%, respectively. (x*=1.4; p=0.2;
RR=1.2; 95%CI:0.9-1.6; OR=1.4;95% CI:0.8-2.3). The unfavorable homozygous 2G/2G
genotype was statistically significantly more prevalent in the main group patients with VVDLL
and phlebothrombosis, 29.2% vs. 18.7%, respectively. (x*=6.1; p=0.01; RR=1.4; 95%CI: 1.1-1.9;
OR=2.1, 95%CI 1.2-4.0).

The allele frequency and genotype distributions of the rs1799750 polymorphism of the
MMP1 gene were examined for differences in the subgroups of patients with VVDLL and venous
thrombosis and in the control sample. Carriage of the homozygous mutant 2G/2G genotype
significantly increased the risk of disease development more than 2-x (OR=2.1; 95% CI:1.2-3.95;
v*=6.1; p=0.01).

111



British Medical Journal voiume-3, No 1

We also performed a comparative analysis of the allele and genotype frequency distribution of
the rs1799750 polymorphism of the MMP1 gene in the subgroup of patients with VVDLL and in
the control group, the results of which are presented in Table 3.

The wild-type 1G allele was detected in 49.1% and 59.0% of cases in the subgroup of patients
with VVDLL and in the control sample, respectively (x*=5.1; p=0.02; RR=0.8; 95%CI: 0.7-0.97;
OR=0.7; 95%CI:0.5-0.95). The frequency of the unfavorable 2G allele in patients with VVDLL
and among conditionally healthy individuals was: 50.9% and 41.0%, respectively, (x*=5.1; p=0.02;
RR=1.3; 95%CI:1.0-1.5; OR=1.5; 95%CI:1.1-2.1) (Tables 1 and 3).

Table 3.
Associative association of the rs1799750 polymorphism of the MMP1 gene in the
subgroup of patients with VVDLL, relative to the control group

- 2 VVDLL | Control Statistical difference
3 g (n=111), | group | Relative risk | Odds ratio v | p-value
= 2 % (n=155), |RR[ 95% CI: | OR [95% CTI:
< g %
1G 49.1 59.0 0.8 0.7-0.97 | 0.7 |0.5-0.95

5.1 0.02*
2G 50.9 41.0 1.3] 1.0-1.5 1.5 1.1-2.1
1G/1G 27.0 36.8 0.8 0.6-1.2 0.7 04-12 | 1.4 0.2
1G/2G 441 44.5 1.2 0.8-1.7 1.4 0.824 | 1.0 0.3
2G/2G 28.8 18.7 1.5 1.1-2.2 2.1 1.1-4.1 | 4.8 | 0.03%

The proportions of 1G/1G, 1G/2G, and 2G/2G rs1799750 genotypes in the MMP1 gene in the
la subgroup consisting of patients with VVDLL were: 27.0%, 44.1%, and 28.8%, respectively, as
compared with 36.8%, 44.5%, and 18.7% in the control group (Table 1). The 1G/1G genotype was
detected insignificantly less frequently, with a frequency of 27.0%, among patients with VVDLL,
relative to the control group, where its proportion was 36.8% (x>=1.4; p=0.2; RR=0.8; 95%CI:0.6-
1.2; OR=0.7; 95%CI:0.4-1.2). The proportion of heterozygous 1G/2G genotype in VVDLL was
44.1%, which was highly insignificant and statistically insignificant lower than in the control
group, where its frequency was 44.5% (¥*=1.0; p=0.3; RR=1.2; 95%CI: 0.8-1.7; OR=1.4;
95%CI:0.8-2.4). The 2G/2G homozygous genotype was detected in the VVDLL group with a
frequency of 28.8%, which was statistically significantly higher than the frequency of its detection
in the control group, which was 18.7% (¥*=4.8; p=0.03; RR=1.5; 95%CI:1.1-2.2;
OR=2.1, 95%CI:1.1-4.1).

Further, Table 4 presents the results of a study of the frequency distribution of the rs1799750
polymorphism in the MMP1 gene among patients with an established diagnosis of venous
thrombosis. The studies showed a pronounced tendency for the wild-type 1G allele to predominate
in the control group, where its frequency was 59.03%, relative to 48.0% in the group of patients
with venous thrombosis (y2=3. 7; p=0.05; RR=0.7; 95%CI:0.5-1.0; OR=0.6; 95%CI:0.4-1.0),
whereas the 2G allele predominated among patients with venous thrombosis, accounting for
52.0%, relative to 41.0% in the control group (¥2=3.7; p=0.05; RR=1.4; 95%CI.:0.99-2.0; OR=1.6;
95%CI:0.99-2.5).
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Table 4.

Associative association of the rs1799750 polymorphism of the MMP1 gene in a
subgroup of VVDLL patients with thrombotic complications, relative to the control
group

@ Thrombotic | Control Statistical difference

; £. |complications| group | Relative risk | Odds ratio | x* |p-
< 2| @=50), | (n=155), [RR[95% CI: | OR[95% CI: value
< &% % %

1G 48.0 59.0 0.7 0.5-1.0 1 0.6 0.4-1.0

2G 52.0 41.0 1.4]10.99-2.0|1.6|0.99-2.5 3.7 005
1G/1G 26.0 36.8 0.7, 04-12 06| 03-1.2 | 19| 0.2
1G/2G 44.0 44.5 1.3 0724 |14] 0.7-3.0 |0.7| 04
2G/2G 30.0 18.7 1.8 0.97-3.5]23)09554 35| 0.06

Study of genotype frequency distribution of polymorphic locus rs1799750 of MMP1 gene
showed a lower detection rate of wild-type 1G/1G genotype among patients with thrombotic
complications of 26.0%, compared with the control group, where it was detected with a non-
significantly higher frequency of 36.8% (¥*=1.9; p=0.2; RR=0.7; 95%CI:0.4-1.2; OR=0.6;
95%CI:0.3-1.2).

Statistically significant differences in the detection of heterozygous 1G/2G genotype in the
group of patients with venous thrombosis relative to the control group were practically not
detected. The incidence of 1G/2G genotype in the studied groups was 44.0% and 44.5%
respectively (x2=0.7; p=0.4; RR=1.3; 95%CI:0.7-2.4; OR=1.4, 95%CI:0.7-3.0).

The study of the distribution of the mutant homozygous 2G/2G genotype revealed a marked
tendency for its prevalence in the subgroup of patients with venous thrombosis, where it accounted
for 30.0%, versus the control group, where it was detected in 18.7%, respectively (¥2=3.5; p=0.06;
RR=1.8; 95%CI:0.97-3.5 OR=2.3; 95%CI:0.95-5.4) (Table 4).

Tables 5-8 present the results of the frequency of alleles and genotypes of the rs2276109
polymorphism in the MMP12 gene for differences in their distribution in the main group of patients
with hereditary predisposition to VVDLL and phlebothrombosis and in the control sample.

In the course of the study we found an equal distribution of A and G alleles of this polymorphic
locus among the patients of the main group, in the main and control groups. The frequency of A/A,
A/G and G/G genotypes in the main group of patients and controls was 85.7%, 13.6% and 0.6%
versus 85.8%, 13.5% and 0.6% respectively. According to the data obtained, there were no
statistically significant differences in the detection of A and G alleles (Table 6).
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Table 5.
Frequency of alleles and genotypes of the rs2276109 polymorphism in the
MMP12 gene in the main group of patients and in the control group

Group n Frequency distribution of:
alleles genotypes
A G A/A A/G G/G

n % |n|% | n| % |[N| % [n| %
Main group 161|298 | 92.5 24|74 |138|85.7]22|13.6|1| 0.6
Control group | 155 | 287 | 92.5 |23 | 7.4 133 |85.8 |21 |13.5|1]065

The A allele was almost equally predominant in the study and control groups, with a detection
rate of 92.5%, and the G allele was detected significantly less frequently in 7.4% of cases (p=0.9;
RR=1.0; 95%CI: 0.8-1.3; OR=1.0; 95%CI: 0.6-1.8) (Table 6).

The A/A genotype was detected with almost equal frequency in both the main group and
control groups: 85.7% versus 85.8%, respectively (p=0.9; RR=1.0; 95%CI:0.7-1.4; OR=1.0;
95%CI:0.5-1.9).

The heterozygous A/G genotype occurred with approximately equal frequency among patients
and controls: 13.6% versus 13.5%, respectively (p=0.9; RR=1.0; 95%CI:0.7- 1.4; OR=1.0;
95%CI:0.5-1.9).

Table 6.
Associative association between the rs2276109 polymorphism in the MMP12
gene in the main patient group and the control group

@ Main Control Statistical difference

; g group group, |Relative risk| Odds ratio | »> |p-value
< £ | (n=161)), (n=155),
= % % RR 95% CI:|OR|95% CI:

A 92.5 92.5 1.0 0.8-1.3 (1.0 (0.6-1.8 <3.8410.9

G 7.4 7.4 1.0 0.8-1.3 [1.0(0.6-1.8

A/A 85.7 85.8 1.0 10.7-1.4 |1,0|0.5-1.9 [<3.84/0.9
A/G 13.6 13.5 1.0 10.7-1.4 |1.0|0.5-1.9 [<3.84/0.9
G/G 0.6 0.6 1.0 10.2-3.9 |1.0|0.1-15.6 [<3.84/0.9

The frequency of the mutant homozygous G/G genotype was also similar in both
groups: 0.6% versus 0.6%, respectively (p=0.9; RR=1.0; 95%CI:0.2-3.9; OR=1.0,
95%CI:0.1-15.6) (Table 6).

Table 7 presents the results of the frequency of allele and genotype distributions of the
152276109 polymorphism in the MMP12 gene in the groups of patients with VVDLL
and in the control group.
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Table 7.
Associative association between the rs2276109 polymorphism in the MMP12
gene in the groups of patients with VVDLL and controls

2 VVDLL Control Statistical difference
; g: (n=111), group, | Relative risk | Odds ratio )
S S Yo (n=155), 2| P
Z‘ S o RR |95% CI:| OR |95% CI: value
A 91.9% 92.5% 1.0 { 0.7-1.4 | 0.9 | 0.5-1.7 01 0.8
G 8.1% 7.4% 1.1 {0.7-1.5 1.1 0.6-2.1 ' '

A/A 83.8% 85.8% 09 | 06-13 {09 04-1.7 02| 0.6
A/G 16.2% 13.5% 1.1 {08-1.6 [1.1 |0.6-24 03| 0.6
G/G 0.0% 0.6% 0.0 - 0.0 - 0.7 0.4

The results obtained during the study showed statistically insignificant differences in the
distribution of A and G alleles of this polymorphism in the group of patients with varicose veins.

The proportion of the A allele in the VVDLL patient group and control group was 91.9% and
92.5%, respectively (¥2=0.1; p=0.8; RR=1.0; 95%CI:0.7-1.4; OR=0.9; 95%CI:0.5-1.7). The G
allele was detected at a frequency of 8.1% versus 7.4% in the VVDLL patient group and control
group, respectively (x*=0.1; p=0.8; RR=1.1; 95%CI:0.7-1.5; OR=1.1; 95%CI:0.6-2.1).

The frequency of wild-type A/A genotype detection was not significantly higher in the control
group: 83.8% versus 85.8%, respectively (¥2=0.2; p=0.6; RR=0.9; 95%CI:0.6-1.3; OR=0.85;
95%CI:0.4-1.7). The heterozygous A/G genotype was detected more frequently among patients
with VVDLL (16.2% versus 13.5%, respectively ¥*=0.34; p=0.5; RR=1.1; 95%CI:0.8-1.6;
OR=1.1, 95%CI:0.6-2.4). The mutant homozygous G/G genotype was not detected in the VVDLL
patient group (0.0% versus 0.6%, respectively, y>=0.7; p=0.4).

Table 8 shows the results of the distribution of allele and genotype frequencies of the
152276109 polymorphism of the MMP12 gene in the groups of patients with venous thrombosis
and in the control sample.

The proportion of the A allele in the venous thrombosis patient group and control group was
94.0% vs. 92.5%, respectively (x*=0.2; p=0.6; RR=1.2; 95%CI:0.6-2. 5), and the G allele in the
venous thrombosis patient group and control group was 6.0% versus 7.4%, respectively (x=0.2;
p=0.6; RR=1.2; 95%CI:0.1-2.5; OR=1.3; 95%CI:0.5-3.2) (Figure 8).
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Table 8.

Associative association between the rs2276109 polymorphism in the MMP12
gene in groups of patients with venous thrombosis and thrombotic complications in
the control group

Thrombotic | Control Statistical difference
- 38 complication | group, | Rejative risk Odds ratio
n o S (n=155),
o & o > |p-value
= 2| @=30), o | RR [95% CI: |OR [95% CI:
< & %
A 94.0 92.5 1.2 10.57-2.48| 1.3 [0.50-3.18 ool 06
G 6.0 7.4 1.2 10.12-2.48] 1.3 |0.50-3.18| '
A/A 90.0 85.8 1.4 10.59-3.13| 1.5 [0.534.16{0.6| 04
A/G 8.0 13.5 06 | 0.3-1.6 | 0.6 [0.18-1.73]1.0] 0.3
G/G 2.0 0.65 20 | 0.5-81 | 3.0]0.2-48.210.6| 0.4

The A/A, A/G, and G/G genotypes of the rs2276109 polymorphism in the MMP12 gene in the
VVDLL patient and control groups were distributed as follows: 90.0%, 8.0%, and 2.0% versus
85.8%, 13.5%, and 0.65%, respectively.

The frequency of detection of the wild-type A/A genotype was not significantly higher in the
control group: 90.0% versus 85.8%, respectively (¥2=0.6; p=0.4; RR=1.4; 95%CI.0.6-3.1;
OR=1.5; 95%CI:0.3-4.2).

The frequency of detection of the heterozygous A/G genotype was statistically insignificantly
higher in the control group compared with a sample of variceal patients: 8.0% versus 13.5%,
respectively (x2=1.0; p=0.3; RR=0.6; 95%CI:0.3-1.6; OR=0.6; 95%CI:0.2-1.7).

A mutant homozygous G/G genotype was detected in one patient with VVDLL complicated by
venous thrombosis: 2.0% versus 0.6%, respectively (x2=0.6; p=0.4; RR=2.0; 95%CI:0.5-8.1;
OR=3.0, 95%CI:0.2-48.2) (Table 8).

Disscussion

Various studies have been devoted to the study of the processes mediating structural
and morphological changes in the vein walls that impair their function [18]. A number
of studies [19, 20] focused on the genes of various matrix metalloproteinases (MMPI,
MMP2, MMP3, MMP9, MMP13).

According to D. Gillespie et al, 2002 [4] studied the samples of biomaterial obtained
from the patients with VVDLL despite the absence of significant differences in the
expression of genes MMP1 and MMPI13 and absence of expression of MMP3 gene, an
increase in the protein product MMP1 was determined by Western blotting. At the same
time, according to P. Sansilvestri-Morel et al. (2005) [21] showed increased expression
of the MMP2 gene and increased concentration of the MMP3? protein product was
detected by enzyme immunoassay, and Y. Xu et al., 2017 [19] identified increased
expression of candidate genes MMP2, MMP9 in patients with VVDLL.

Thus, according to Shadrina A.S. et al. (2019), none of the gene polymorphisms they
studied, including the rs1799750 polymorphism of the MMP1 gene, was found to be
associated with VVDLL [22]. However, this may be due to the chosen population,
sample size, and peculiarities of the study methodology.

"In general, the extracellular matrix system in VVDLL has been much better studied
in gene-candidate studies at the protein level than at the mRNA level, and despite some
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inconsistencies in the results, the evidence for an imbalance in this system is very
strong” [13].

In contrast, our studies revealed an association between individual alleles and genotypes
of the rs1799750 polymorphism of the MMPI gene and the development of VVDLL.

In our study of allele and genotype distribution frequencies of rs1799750 polymorphism
of MMPI1 gene, we found that carriage of homozygous mutant 2G/2G genotype
increases the risk of venous thrombosis more than twofold in a subgroup of patients with
VVDLL and in a control sample.

To date, there are many studies devoted to the role of matrix metalloproteinases in the
development of diseases of various organs and systems, but in the structure of scientific
papers there is very little material on the relationship between the activity disruption of
extracellularly existing matrix metalloproteinase MMP-12, namely the representative of
zinc-dependent endopeptidases. One of the important functions of MMP12 is elastin
hydrolysis. Its hyperactivation and decrease of its tissue inhibitors activity under VVDLL
conditions eventually leads to elastin loss and rupture in the structure of collagen fibers
and reduction of tone and dilatation of venous walls [17].

According to the researchers' data, patients with relapsed VVDLL had a high incidence
of the pathological gene MMP12 in 80.0%, both in homo- and heterozygous genotype
variants, while in first-time patients - only in a third of cases (33.3%) [12, 22]. The
authors found a statistically significant association between VVDLL and this gene (MMP12).
These authors also determined the relationship between VVDLLB and the frequency of
detection of a mutation in the MMP12 gene.

Differences in MMP-12 protein expression in patients with VVDLL and in normal
patients were confirmed by foreign authors using immunoblotting and
immunohistochemistry methods [23].

According to Slonkov? V.et al.(2017), who investigated the relationship between
another polymorphism - 157123600 of the MMP-12 gene and chronic venous insufficiency,
it was found that the G allele was detected 2.1 times more often in SWD, in women,
compared with controls, and there was also an association between the presence of this
gene polymorphism studied in women with ulcers in SWD by 3.2 times, compared with
women who did not have ulcers. A/G genotype detection of rs7123600 polymorphism
of MMP-12 gene was 4.7 times higher in women with cardiovascular disease (stage
Co) [9].

Conclusion

1.The 1G allele of the rs1799750 polymorphism of the MMP1 gene is a protective
factor against the development of VVDLL and venous thrombosis.

2.A significant association between 2G-allele carriage of rs1799750 polymorphism of
the MMP1 gene and the risk of VVDLL and venous thrombosis has been established.
Carriage of 2G/2G genotypic variant of this polymorphism is reliably associated not
only with VVDLL formation but also with the development of venous thrombosis.

3.Presence of unfavourable allelic variant of rs7123600 polymorphism of MMP-12
gene may not serve as an independent marker of development of structural changes of
lower limbs vein walls and VVDLLTs as well as the development of DVT.
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