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avtorTa sayuradRebod!

redaqciaSi statiis warmodgenisas saWiroa davicvaT Semdegi wesebi:

 1. statia unda warmoadginoT 2 calad,  rusul an inglisur enebze, dabeWdili 
standartuli furclis 1 gverdze,  3 sm siganis marcxena velisa da striqonebs 
Soris 1,5 intervalis dacviT. gamoyenebuli kompiuteruli Srifti rusul da ing-
lisurenovan teqstebSi - Times New Roman (Кириллица), xolo qarTulenovan teqstSi 
saWiroa gamoviyenoT AcadNusx. Sriftis zoma – 12. statias Tan unda axldes CD 
statiiT. 
 2. statiis moculoba ar unda Seadgendes 10 gverdze naklebs da 20 gverdze mets 
literaturis siis da reziumeebis (inglisur, rusul da qarTul enebze) CaTvliT.
 3. statiaSi saWiroa gaSuqdes: sakiTxis aqtualoba; kvlevis mizani; sakvlevi 
masala da gamoyenebuli meTodebi; miRebuli Sedegebi da maTi gansja. eqsperimen-
tuli xasiaTis statiebis warmodgenisas avtorebma unda miuTiTon saeqsperimento 
cxovelebis saxeoba da raodenoba; gautkivarebisa da daZinebis meTodebi (mwvave 
cdebis pirobebSi).
 4. statias Tan unda axldes reziume inglisur, rusul da qarTul enebze 
aranakleb naxevari gverdis moculobisa (saTauris, avtorebis, dawesebulebis 
miTiTebiT da unda Seicavdes Semdeg ganyofilebebs: mizani, masala da meTodebi, 
Sedegebi da daskvnebi; teqstualuri nawili ar unda iyos 15 striqonze naklebi) 
da sakvanZo sityvebis CamonaTvali (key words).
 5. cxrilebi saWiroa warmoadginoT nabeWdi saxiT. yvela cifruli, Sema-
jamebeli da procentuli monacemebi unda Seesabamebodes teqstSi moyvanils. 
 6. fotosuraTebi unda iyos kontrastuli; suraTebi, naxazebi, diagramebi 
- dasaTaurebuli, danomrili da saTanado adgilas Casmuli. rentgenogramebis 
fotoaslebi warmoadgineT pozitiuri gamosaxulebiT tiff formatSi. mikrofoto-
suraTebis warwerebSi saWiroa miuTiToT okularis an obieqtivis saSualebiT 
gadidebis xarisxi, anaTalebis SeRebvis an impregnaciis meTodi da aRniSnoT su-
raTis zeda da qveda nawilebi.
 7. samamulo avtorebis gvarebi statiaSi aRiniSneba inicialebis TandarTviT, 
ucxourisa – ucxouri transkripciiT.
 8. statias Tan unda axldes avtoris mier gamoyenebuli samamulo da ucxo-
uri Sromebis bibliografiuli sia (bolo 5-8 wlis siRrmiT). anbanuri wyobiT 
warmodgenil bibliografiul siaSi miuTiTeT jer samamulo, Semdeg ucxoeli 
avtorebi (gvari, inicialebi, statiis saTauri, Jurnalis dasaxeleba, gamocemis 
adgili, weli, Jurnalis #, pirveli da bolo gverdebi). monografiis SemTxvevaSi 
miuTiTeT gamocemis weli, adgili da gverdebis saerTo raodenoba. teqstSi 
kvadratul fCxilebSi unda miuTiToT avtoris Sesabamisi N literaturis siis 
mixedviT. mizanSewonilia, rom citirebuli wyaroebis umetesi nawili iyos 5-6 
wlis siRrmis.
 9. statias Tan unda axldes: a) dawesebulebis an samecniero xelmZRvane-
lis wardgineba, damowmebuli xelmoweriTa da beWdiT; b) dargis specialistis 
damowmebuli recenzia, romelSic miTiTebuli iqneba sakiTxis aqtualoba, masalis 
sakmaoba, meTodis sandooba, Sedegebis samecniero-praqtikuli mniSvneloba.
 10. statiis bolos saWiroa yvela avtoris xelmowera, romelTa raodenoba 
ar unda aRematebodes 5-s.
 11. redaqcia itovebs uflebas Seasworos statia. teqstze muSaoba da Se-
jereba xdeba saavtoro originalis mixedviT.
 12. dauSvebelia redaqciaSi iseTi statiis wardgena, romelic dasabeWdad 
wardgenili iyo sxva redaqciaSi an gamoqveynebuli iyo sxva gamocemebSi.

aRniSnuli wesebis darRvevis SemTxvevaSi statiebi ar ganixileba.
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НАУКА

Despite the improvement of existing techniques and the de-
velopment of new surgical technologies, the anastomotic leak 
in the hollow digestive organs is one of the most difficult com-
plications in abdominal surgery. The incidence of such com-
plications, according to various authors, ranges from 2-8.1% 
in small bowel anastomosis to 3.8-14.6% in operations on the 
colon [1,2]. Anastomotic leak is accompanied by mortality rate 
of 14-21.7% [3]; with the development of disseminated perito-
nitis, abdominal sepsis mortality increases up to 43-82.9% [1,4]. 
So far, there is no single point of view in the surgical commu-
nity regarding the causes of anastomotic leak development and 
surgical tactics in the development of these complications. Ac-
cording to the literature on the subject, among the risk factors 
for the development of an anastomotic leak are microcirculation 
disruption in the anastomosis area, tissue regeneration failure, 
infection, increased intra-intestinal pressure, changes in the rhe-
ological properties of blood, homeostatic imbalances, etc. [1]. 
A separate group of risk factors includes tactical and technical 
errors in the formation of anastomosis [5].

Although there is no doubt about the role of regenerative pro-
cesses in the formation of intestinal anastomosis [6,7], scientific 
publications and research at the current methodological level 
on this topic are not enough. An in-depth study of the mecha-
nisms of reparative regeneration in the area of the anastomosis 
and possibilities of regenerative processes stimulation, adequate 
restoration of morpho-functional characteristics of digestive or-
gans that have been anastomosed is necessary. In domestic and 
foreign sources, there are almost no publications about the role 
of undifferentiated dysplasia of the connective tissue (UDCT) in 
the development of anastomotic leak in hollow digestive organs. 

Anastomosis formation is a complex molecular- and cell-me-
diated process aimed at restoring of the continuity of the hol-
low digestive organs [7]. It involves both classical processes of 
inflammation: alteration, exudation, proliferation, and specific 
reparative processes due to suture technique, suture material, the 
presence of infection, and other factors [8].

Given the almost unexplored role of genetic predisposition 
in the development of postoperative complications, namely the 
failure of anastomotic sutures, we set a goal to study the poly-
morphism of genes encoding matrix metalloproteinase-2 (MMP-
2) and tissue inhibitor of matrix metalloproteinase-2 (TIMP-2). 
The choice of these genes was not accidental - we were guided 
by the main known pathophysiological mechanisms involved in 
the formation of the intestinal anastomosis [7].

Matrix metalloproteinases (MMPs) are a group of enzymes 
represented by cysteine, serine, aspartyl, and metal-dependent 
proteinases. They belong to Zn2+ - and Ca2+-dependent endopep-
tidases, which are involved in the remodeling of connective tis-
sue due to the destruction of its organic components at normal 
pH values. MMPs play a major role in the metabolism of con-

nective tissue proteins. These enzymes are also involved in many 
physiological (embryonic development, morphogenesis, migra-
tion, adhesion, angiogenesis, involution, and tissue remodeling) 
and pathological (inflammation, malignancy, cardiovascular, 
pulmonary diseases, arthritis) processes. They are also able to 
model the activity of growth factors, cytokines, and their recep-
tors. Enzymes from the MMPs group (MMPs -2, -3, -9) affect 
vascular wall permeability and angiogenesis by regulating the 
catabolism of extracellular matrix components and cell-matrix 
interactions [9]. Currently, approximately 30 different MMPs 
are known, which are divided into 5 groups based on substrate 
specificity: collagenases; gelatinases; stromelysins; membrane-
bound; other matrixins not included in the above groups. The 
gelatinase subfamily includes 2 enzymes - gelatinase A (MMP-
2) and gelatinase B (MMP-9). MMP-2,9 show a high affinity 
for type IV collagen, so they are sometimes called type IV col-
lagenases. MMP-2 occupy a central position in the regulating of 
the balance between the processes of synthesis and proteolysis 
in the extracellular matrix, affect the implementation of physi-
ological processes and pathological changes in the body [9].

The main regulators of matrix metalloproteinases are tissue 
inhibitors of metalloproteinases - TIMPs (TIMP-1, TIMP-2, 
TIMP-3, TIMP-4). All 4 groups of TIMPs can inhibit the pro-
teolysis of latent forms of MMP and inhibit the active forms of 
MMP, but TIMP-1 is more active against MMP-9, and TIMP-2 
shows specificity for MMP-2 [10].

Recently these enzymes, namely their expression, polymor-
phism of the genes that encode them, have been actively stud-
ied as diagnostic and prognostic factors in oncological diseases 
[11,12,13], cardiovascular pathology [14,15], ophthalmology 
[16], etc. 

At the same time, information on the role of MMPs in the 
development of anastomotic leak in hollow digestive organs is 
almost absent. During the analysis of the literature, we found a 
small number of publications on the study of MMP expression 
in the colorectal anastomoses leak [17-19], postoperative peri-
tonitis [20,21].

However, we have not found publications on the study of ge-
netic polymorphism of matrix metalloproteinases and their regu-
lators in terms of the development of anastomotic leak.

The aim - to analyze the frequency of polymorphic variants of 
genes MMP-2 (C-1306 → T) and TIMP-2 (G303 → A) in patients 
with anastomotic leak in hollow digestive organs.

Material and methods. A retro- and prospective trial was 
based on data on 61 patients, who were treated at the Shalimov 
National Institute of Surgery and Transplantology. 17 of 61 pa-
tients (experimental group 2) suffered anastomotic leak in hol-
low digestive organs, 44 of 61 patients (experimental group 1) 
had phenotypic signs of UDCT. For the assessment of genetic 
polymorphism in the population, 80 practically healthy people 

ANALYSIS OF POLYMORPHISM OF MATRIX METALLOPROTEINASE-2 (C-1306 → T) 
AND TISSUE INHIBITORS OF METALLOPROTEINASE-2 (G303 → A) GENES IN PATIENTS 

WITH ANASTOMOTIC LEAK IN HOLLOW DIGESTIVE ORGANS
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have been examined (control group), who were matched by gen-
der and age with experimental groups. Of the special laboratory 
tests, we have measured serum procalcitonin and C-reactive pro-
tein. For the assessment of connective tissue, we analyzed free 
hydroxyproline in the serum and urinary glycosaminoglycans. 
UDCT has been diagnosed with a proven technique (Ukrainian 
patent for utility model №120158 UA). The stage of dysplasia 
was evaluated using the original clinical screening scale, which 
was based on the table of the severity criteria of connective tis-
sue dysplasia made by T.Y. Smolnova (2003) [22].

Genetic studies were performed in the laboratory of the De-
partment of General and Molecular Pathophysiology at the 
Bogomoletz Institute of Physiology NAS of Ukraine. The col-
lection of the buccal epithelium was performed using buccal 
brushes with the upcoming freezing of the samples at the tem-
perature of -20 ° C. DNA for the genotyping was extracted from 
the samples using DiatomTM Prep 200 (Isogen Laboratory, RF) 
following the manufacturer’s protocol.

The following polymorphisms were studied by real-time 
PCR: C-1306 → T (MMP2), rs243865 and G303 → A (TIMP2), 
rs9900972. Amplification reactions were performed using the 
Fast Real-time PCR System (Applied Biosystems, USA) in a 
final reaction volume of 20 μl containing 2X TaqMan Universal 
Master Mix (Applied Biosystems, USA), assay C_1792560_10 
and template DNA. Amplification of gene fragments consisted 
of a denaturation step at 95° C for 20 s, followed by 40 cycles of 
amplification at 95° C for 3 s and 60° C for 30 sec. Data analysis 
was performed with 7500 Fast Real-Time PCR Software (Ap-
plied Biosystems, Foster City, USA).

The main part of the statistical analysis was performed using 
the program «Statistica 7.0» (SPSS) and Excel 2000. Nominal 
data were presented in the form of quantitative and percentage 
values. The significance of differences in mean values   in groups 
with different genotypes was determined using the method of 
one-way analysis of variance (URL: http://www.dgmp.kyiv.ua/
index.php/snip-ka). The correspondence of genotype distribu-
tion was checked using the Hardy-Weinberg test. Pearson’s χ2 
test was used to compare the distribution of genotypes in the 
experimental and control groups.

Results and discussion. To identify the possible associa-
tion of polymorphic variants of the MMP-2 (C-1306 → T) and 
TIMP2 (G303 → A) genes with the risk of anastomotic leak, we 
performed a one-way analysis of variance of the frequency of 
genotypes in the studied groups of patients (Table 1).

In the analysis of models of inheritance of the MMP2 gene 
(C-1306 → T), namely codominant, dominant, recessive, supra-
dominant and additive in the control group (n = 80) and the ex-
perimental group 1 with phenotypic signs of UDCT (n = 44), it 
was found that the distribution of genotypes corresponds to the 
Hardy-Weinberg law (p> 0.05). Using the χ2 test with 2 degrees 
of freedom, we were not able to detect statistically significant 
differences in the distribution of genotypes in the group of sick 
people and the group of practically healthy people (p>0.05).

Having analyzed all inheritance models, we selected the best 
model with the lowest Akaike Information Criterion. Such a 
model turned out to be a recessive model, for which the table 
shows the values   of the odds ratio, statistical significance, as 
well as the Akaike Information Criterion (AIC) (Table 2).

Table 1. The distribution of polymorphic variants of genes MMP-2 
(c-1306 → T), rs243865 and TIMP-2 (G303 → A), rs9900972 in the studied groups

The studied gene Control group
n=80 (%)

Experimental group 1
(with phenotypic signs of UDCT)

n=44 (%)

Experimental group 2
(with anastomotic leak)

n=17 (%)

MMP2 
(C-1306 →T)

CC 38 (47,5%) 26 (59,1%) 11 (64,7%)
CT 34 (42,5%) 16 (36,4%) 5 (29,4%)
TT 8 (10%) 2 (4,5%) 1 (5,9%)

Hardy-Weinberg test (χ2 , p) χ2=0,01, p>0,05 χ2=0,05, p>0,05 χ2=0,17, p>0,05

TIMP2 
(G303→A)

GG 50 (50%) 24 (54,5%) 14 (82,4%)
GA 32 (40%) 15 (34,1%) 3 (17,6%)
AA 8 (10%) 5 (11,4%) 0 (%)

Hardy-Weinberg test (χ2, p) χ2=0,18, p>0,05 χ2=1,15, p<0,05 χ2=0,15, p<0,05

Table 2. The odds ratio for a recessive model of inheritance of patients 
with phenotypic signs of UDCT. Odds ratio with 95% confidence interval

Genotype Control group
n=80 (%)

Experimental group 1
(with phenotypical signs of UDCT)n=44 

(%)
Odds ratio p-value AIC

СС+СT 72 (90%) 42 (95.5%) 1.00
TT 8 (10%) 2 (4.5%) 0.43 (0.06 - 1.81) 0.3 16.12

Table 3. The odds ratio for the recessive model of inheritance in patients with failure of anastomotic sutures. 
Odds ratio with 95% confidence interval

Genotype Control group n=80 (%) Experimental group 2 
(with anastomotic leak) n=17 (%) Odds ratio p-value AIC

СС+СT 72 (90%) 16 (94.1%) 1.00
TT 8 (10%) 1 (5.9%) 0.56 (0.03 - 3.39) 0.6 14.62
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Analysis of the multiplicative model of inheritance of the 
MMP-2 gene (C-1306 → T), comparing the control group (n=80) 
and experimental group 2 with anastomotic leak (n=17) showed 
compliance with the distribution of genotypes to Hardy-Wein-
berg’s law (p>0,05), which was tested in the control group using 
the test χ2 with 1 degree of freedom, without Yates correction. 
Using the test χ2 with 2 degrees of freedom, we did not find sta-
tistically significant differences in the distribution of genotypes 
in the group of sick people and the group of practically healthy 
people (p>0.05). After analyzing all models of inheritance, we 
chose the best model with the lowest AIC (Table 3).

It is noteworthy that in experimental groups 1 and 2 there were 
half as many carriers of the homozygous TT genotype as com-
pared with the control: 4.4% and 5.9% versus 10% (p<0.05), 
respectively. However, carriers of the SS genotype dominant in 
all groups were greater in the group with suture failure (research 
2): 64.7% versus 47.5% (p<0.05) in the control (Fig. 1).

In the analysis of TIMP-2 inheritance models (G303 → A), 
in the control group (n = 80) and experimental group 1 with 
phenotypic signs of connective tissue pathology (n = 44), we 
could not find statistically significant differences in the dis-
tribution of genotypes in the group of patients and the group 
of almost healthy people (p>0.05). The conformity of the 
genotype distribution to Hardy-Weinberg’s law in the control 
group was checked using the χ2 test with 1 degree of free-
dom, without the use of Yates correction. It was found that 
the distribution of genotypes in the control group corresponds 
to Hardy-Weinberg’s law (p>0.05).

We were able to find statistically significant differences in the 
distribution of genotypes (p<0.05) in the analysis of TIMP-2 in-
heritance models (G303 → A), in the control group (n=80) and 
experimental group 2 with anastomotic leak (n=17). The con-
formity of the genotype distribution to Hardy-Weinberg’s law in 
the control group was checked using the χ2 test with 1 degree of 
freedom, without the use of Yates correction. After analyzing all 
models of inheritance, we chose the best model with the lowest 
AIC (Table 4).

In the examined population in the control group and experi-
mental group 1, the distribution of carriers of GG, GA, and AA 
genotypes was significantly similar. However, in the group of 
patients with anastomotic leak (experimental group 2), the dis-

tribution of genotype carriers was significantly different. Thus, 
the dominant GG variant almost twice significantly exceeded 
the indicators of control and experimental group 1 (82.4% vs. 
50% and 54.4%, respectively, p<0.05). Heterozygous GA geno-
type in the second experimental group was more than twice as 
rare as in the control (17.6% vs. 40%). Carriers of homozygous 
AA genotype in the group with anastomotic leak were not de-
tected, while a similar variant in control and experimental group 
1 was found in 10% and 11.4% of cases (Fig. 2).

In examined patients with anastomotic leak of the hollow 
digestive organs, signs of UDCT were found in 13 (76.47%) 
patients. The following phenotypic pathologies of UDCT were 
most commonly encountered: visceral pathology (76.47%), vas-
cular pathology (70.58%), arrhythmias (52.9%).

The study of phenotypic signs of UDCT in the group of pa-
tients with anastomotic leak showed that 3 patients (17.6%) had 
a mild UDCT, 6 patients (35.3%) had moderate, and 4 patients 
(23.6%) had a severe degree of UDCT. In 4 patients (23.5%), 
signs of the pathology of the connective tissue were not detected.

The level of serum hydroxyproline in the group of patients 
without phenotypic signs of connective tissue dysplasia was 
36.9±1.6 μmol/L, which is almost twice as high as in the con-
trol group (21.2±0.8 μmol/L). When studying the dynamics of 
changes in serum hydroxyproline levels, it was found that an 
increase in the collagenolytic activity of glycosaminoglycans 
and free hydroxyproline levels had a direct correlation with 
the severity of UDCT. With a mild degree of UDCT, the lev-
el of serum hydroxyproline was (46.9±2.8) μmol/L, moderate 
(75.2±3.2) μmol/L and severe (122.1±3.6) μmol/l, which is al-
most 6 times higher than in the control group and 3 times higher 
than in patients with anastomotic leak without clinical signs of 
connective tissue dysplasia.

When studying the dynamics of changes in urinary glycos-
aminoglycans levels, a direct correlation with the severity of 
UDCT was also revealed. With a mild degree of UDCT, the level 
of glycosaminoglycans was 80.94±2.8 μmol/L, which is highly 
reliable, twice as many as in the control group (44.68±1.8). With 
an average degree of 105.12±3.5 μmol/L and a severe degree of 
127.54±3.4 μmol/L, which was almost 3 times higher than the 
control group and 2 times higher than patients with anastomotic 
leak without clinical signs of connective tissue dysplasia.

Fig. 1. Frequency distribution of allelic polymorphism (%) of 
the promoter (c-1306 → T) MMP2 gene

Fig. 2. Frequency distribution of allelic polymorphism (%) of 
the promoter (G303 → A) of the TIMP2 gene

Table 4. The odds ratio for recessive inheritance model in patients with anastomotic leak. Odds ratio with 95% confidence interval

Genotype Control group n=80 (%) Experimental group 2 
(with anastomotic leak) n=17 (%) Odds ratio p-value AIC

GG+GA 72 (90%) 17 (100%) 1.00
AA 8 (10%) 0 (0%) 0 (NA-1.479e+266) 1 15.62
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Our data on the study of polymorphic variants of the MMP2 
(C-1306 → T) and TIMP2 (G303 → A) genes in the Ukrainian pop-
ulation (n = 80) generally correspond to populations of Europe 
and the USA [23,24].

The closest genotypic variations in the studied genes were 
populations of Austria [25] and the Netherlands [26]. Moreover, 
we found significant differences when compared with the Afri-
can and Asian populations [27,28]. Interestingly, in these popu-
lations, the frequency of the main C allele of the MMP-2 gene 
(rs243865) was 93.7% (Africa) and 90% (Asia), which signifi-
cantly exceeds the indices of our control group (76%) and the 
European population (75,5%). Whereas, the minor T allele was 
found in 24% of the control group, and 10% (Asia) and 6.7% 
(Africa), respectively [23].

As a result of genetic and statistical analysis of the polymor-
phism of the MMP-2 (C-1306 → T) and TIMP-2 (G303 → A) genes, 
variants of genotypes associated with the risk of development 
of anastomotic leak of the hollow digestive organs were deter-
mined.

Thus, in the experimental group with anastomotic leak, car-
riers of the homozygous SS genotype of the MMP2 gene were 
found to be 1.36 times more often than in the control group. At 
the same time, the minor TT homozygotes in the group of pa-
tients with anastomotic leak were almost half that in the control 
(5.9% versus 10% (p <0.05)).

In the analysis of carriers of TIMP-2 genotypes, we obtained 
statically reliable data: in the group of patients with anastomotic 
leak, GG variant was 82.4%, which is 1.6 times higher than in 
the control group (82.4% vs. 54.4%, p<0.05). Carriers of minor 
homozygotes of AA genotype in the group of patients with anas-
tomotic leak were not detected, while a similar genotype in the 
control group was found in 10%.

Given the role of matrix metalloproteinases and their inhibi-
tors in the processes of synthesis and proteolysis, connective 
tissue remodeling, connective tissue protein metabolism, the 
ability to affect vascular permeability and angiogenesis, [8] the 
relevance of their study in the context of the pathogenesis of 
anastomotic leak of the hollow digestive organs is undoubted.

There are several publications in the literature on the detec-
tion of changes in the ratio of type I/III collagen, increased ex-
pression of MMP-1 and MMP-2 in the mucosa and MMP-2 and 
MMP-9 in the submucosal layer of the colon in patients with the 
leakage of colorectal anastomosis [17-19].

The correlation between the level of biochemical markers of 
collagen biodegradation and the severity of UDST revealed, 
which is diagnosed on the basis of phenotypic, visceral manifes-
tations, and instrumental examinations. This could serve as an 
informative diagnostic criterion of UDST and could be used to 
predict the development and course of complications in patients 
with anastomotic leak in the hollow digestive organs. Such 
changes are apparently due to increased proteolytic activity in 
patients with anastomotic leak. This confirms the data of some 
authors that the anastomotic leak and development of peritonitis 
leads to a pronounced and persistent mismatch in the proteinase 
system - inhibitors of blood proteinases. It is the hyperactivation 
of proteolytic systems of the body against the background of 
reduction of inhibitory potential that is regarded as one of the 
key pathogenetic links of endogenous intoxication.

Understanding the pathogenetic processes underlying the for-
mation of the anastomosis and possible «weaknesses» is no less 
important than the surgical technique.

In our view, the focus of future research on the pathogenetic 
factors of abdominal postoperative complications should be 

shifted to a more cellular and molecular level. Thus, a better 
understanding of the mechanisms of the formation of intestinal 
anastomosis will contribute to the development of new diagnos-
tic, prognostic, and therapeutic techniques.

The differences we have identified in allelic variants of the 
studied genes in the groups with anastomotic leak are the basis 
for further study and research for molecular genetic markers that 
encode the main links in the pathogenesis of anastomotic leak 
and other postoperative complications.

Conclusions.
1. Anastomotic leak in hollow digestive organs is 1.36 times 

more common in carriers of homozygous CC genotype of the 
MMP-2 gene, and twice less common in minor homozygotes of 
TT (5.9% vs. 10%, p>0,05).

2. In the group of patients with anastomotic leak in hollow 
digestive organs, it is statistically significant, the GG variant of 
the TIMP-2 gene was detected 1.6 times more often. Carriers 
of minor homozygotes of AA genotype in the group with anas-
tomotic leak were not detected, while a similar genotype in the 
control group was found in 10% (p<0,05).

3. Molecular genetic research can be a new promising area for 
the development of modern personalized diagnostic criteria and 
models for predicting the development and course of postopera-
tive abdominal complications, including the anastomotic leak of 
the hollow digestive organs.

4. The presence of connective tissue dysplasia in patients with 
anastomotic leak in the hollow digestive organs is an aggravat-
ing comorbid factor, which must be considered when choosing 
adequate surgical tactics and complex pathogenetically substan-
tiated treatment.

The research highlighted in the article became a fragment of 
the research work of the Department of Surgery and Transplan-
tology of the Shupyk National Medical Academy of Postgradu-
ate Education on the topic: “Undifferentiated connective tissue 
dysplasia as a risk factor in abdominal surgery” State Registra-
tion Number 0118U001239, deadline 2018-2022.
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SUMMARY

ANALYSIS OF POLYMORPHISM OF MATRIX METAL-
LOPROTEINASE-2 (C-1306 → T) AND TISSUE INHIBI-
TORS OF METALLOPROTEINASE-2 (G303 → A) GENES 
IN PATIENTS WITH ANASTOMOTIC LEAK IN HOL-
LOW DIGESTIVE ORGANS

1Voitiv Y., 2Usenko O., 3Dosenko V., 1Dyadyk O., 
2Dzhemiliev A.

1shupyk national academy of Postgraduate educationof the 
Ministry of Health of Ukraine, Kyiv; 2shalimov national insti-
tute of surgery and Transplantology, national academy of Med-
ical sciences of Ukraine, Kyiv; 3Bogomoletz institute of Physiol-
ogy, national academy of sciences of Ukraine, Kyiv, Ukraine

The aim. To analyze the frequency of polymorphic variants of 
MMP-2 (C-1306 → T) and TIMP-2 (G303 → A) genes in patients 
with anastomotic leak in hollow digestive organs.

The object of the study comprises 61 patients with anasto-
motic leak and connective tissue pathology, all treated at the 
Shalimov National Institute of Surgery and Transplantology 
during 2016-2019. Laboratory, genetic, histological studies and 
statistical analysis were performed.

As a result of genetic and statistical analysis of the MMP-
2 (C-1306 → T) and TIMP-2 (G303 → A) gene polymorphisms, 
genotype variants have been identified that are associated with 
the risk of anastomotic leak in hollow digestive organs. Signifi-
cant differences in the distribution of genotypes in the studied 
groups were revealed. Analysis of the multiplicative model of 
inheritance of MMP-2 and TIMP-2 genes showed compliance 
of genotype distribution with Hardy-Weinberg’s law. All models 
of inheritance were analyzed and the best model with the lowest 
Akaike Information Criterion, which turned out to be a recessive 
model, has been determined. 

Anastomotic leak in hollow digestive organs is 1.36 times 
more common in carriers of homozygous CC genotype of the 
MMP-2 gene and twice less common in minor homozygotes 
of TT (5.9% vs. 10%, p>0.05). It is statistically significant 
that in the group of patients with anastomotic leak in hollow 
digestive organs the GG variant of the TIMP-2 gene was de-
tected 1.6 times more often. Carriers of minor homozygotes 
of AA genotype in the group with suture failure were not 
detected, while a similar genotype in the control group was 
found in 10% (p<0.05). 

Keywords: Anastomotic leak, MMP-2, TIMR-2, gene poly-
morphism.
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РЕЗЮМЕ

АНАЛИЗ ПОЛИМОРФИЗМА ГЕНОВ МАТРИКСНОЙ МЕТАЛЛОПРОТЕИНАЗЫ - 2 (C-1306→T) 
И ТКАНЕВОГО ИНГИБИТОРА МАТРИКСНОЙ МЕТАЛЛОПРОТЕИНАЗЫ - 2 (G303→A) 

У БОЛЬНЫХ С НЕСОСТОЯТЕЛЬНОСТЬЮ ШВОВ АНАСТОМОЗОВ ПОЛЫХ ОРГАНОВ ПИЩЕВАРЕНИЯ

1Войтив Я.Ю., 1Усенко О.Ю., 2Досенко В.Э., 1Дядык О.О., Джемилев А.И.

1национальная медицинская академия последипломного образования им. П.Л. Щупика; 
2гу «национальный институт хирургии и трансплантологии им. А.А. Шалимова» нАМн украины; 

3институт физиологии им. А.А. Богомольца нАн украины, киев, украина

Цель исследования - анализ частоты полиморфных вари-
антов генов матриксной металлопротеиназы – 2 (C-1306→T) 
и тканевого ингибитора матриксной металлопротеиназы - 2 
(G303→A) у больных с несостоятельностью швов анастомо-
зов полых органов пищеварения.

Обследован 61 пациент с несостоятельностью швов ана-
стомозов (n=17) и патологией соединительной ткани (n=44), 
которые лечились в Национальном институте хирургии и 
трансплантологии им. А.А. Шалимова. Проведены лабора-
торные, генетические, гистологические и статистические 
исследования.

В результате генетического и статистического анализа 
полиморфизма генов матриксной металлопротеиназы – 2 
(C-1306→T) и тканевого ингибитора матриксной металло-
протеиназы – 2 (G303→A) определены варианты генотипов, 
ассоциированных с риском развития несостоятельности 
швов анастомозов полых органов пищеварения. Выявлены 
достоверные различия распределения генотипов в изучае-
мых группах. Анализ мультипликативной модели наследо-

вания генов матриксной металлопротеиназы – 2 (C-1306→T) 
и тканевого ингибитора матриксной металлопротеиназы – 2 
(G303→A) показал соответствие распределения генотипов с 
законом Харди-Вайнберга. Проанализированы все наслед-
ственные модели, лучшей среди них с наиболее низким ин-
формационным критерием Акаики оказалась рецессивная 
модель. 

Несостоятельность швов анастомозов полых органов пи-
щеварения в 1,36 раза чаще встречается у носителей гомо-
зиготного СС генотипа гена матриксной металлопротеина-
зы – 2 (C-1306→T) и вдвое реже - в минорных гомозиготах ТТ 
(5,9% против 10%, p<0,05). В группе пациентов с несостоя-
тельностью швов анастомозов полых органов пищеварения, 
статистически достоверно, в 1,6 раза чаще выявлены носи-
тели гомозиготного GG варианта гена тканевого ингибито-
ра матриксной металлопротеиназы – 2 (G303→A). Носителей 
минорных гомозигот АА генотипа в группе с несостоятель-
ностью швов не обнаружено, аналогичный генотип в кон-
трольной группе встречался в 10% (p<0,05).

reziume

matriqsuli metaloproteinaza-2-is da matriqsuli metaloproteinaza-2-is 
qsoviluri inhibitoris genebis polimorfizmi pacientebSi 

saWmlis momnelebeli Rru organoebis anastomozebis nakerebis ukmarisobiT 

1i. voitivi, 1o. usenko, 2v. dosenko, 1o. diadiki,  2a. jemilevi

1p. Supikis sax. diplomisSemdgomi ganaTlebis erovnuli samedicino akademia; 
2a. Salimovis sax.qirurgiisa da transplantologiis erovnuli in-stituti; 

3a. bogomolecis sax. fiziologiis instituti, kievi, ukraina

kvlevis mizans warmoadgenda matriqsuli 
metaloproteinaza-2-is (C-1306→T) da matriqsuli 
metaloproteinaza-2-is qsoviluri inhibitoris 
(G303→A) genebis polimorfuli variantebis six-
Siris analizi pacientebSi saWmlis momnelebeli 
Rru organoebis anastomozebis nakerebis uk-
marisobiT.Ggamokvleulia 61 pacienti anastomo-
zebis nakerebis ukmarisobiT (n=17) da SemaerTe-
beli qsovilis paTologiiT (n=44), romlebic 
mkurnalobdnen a. Salimovis sax. qirurgiisa da 
transplantologiis erovnul institutSi. Cata-
rebulia laboratoriuli, genetikuri, histolo-
giuri da statistikuri kvlevebi. matriqsuli 
metaloproteinaza-2-is (C-1306→T) da matriqsuli met-
aloproteinaza-2-is qsoviluri inhibitoris (G303→A) 
genebis polimorfizmis genetikuri da statistikuri 
analizis safuZvelze gansazRvrulia genotipebis 
variantebi, dakavSirebuli saWmlis momnelebeli Rru 
organoebis anastomozebis nakerebis ukmarisobis 
ganviTarebis riskTan. gamovlenilia genotipebis ga-
nawilebis sarwmuno gansxvaveba Seswavlil jgufebs 
Soris. matriqsuli metaloproteinaza-2-is (C-1306→T) 

da matriqsuli meta-loproteinaza-2-is qsoviluri 
inhibitoris (G303→A) genebis damemkvidrebis multi-
plikaciuri modelis analizma aCvena genotipebis 
ganawilebis Sesabamisoba hardi-vainbergis kanonTan. 
gaanalizebulia damemkvidrebis yvela modeli; maT 
Soris yvelaze kargi, akaikis Yyvelaze dabali in-
formaciuli kriteriumiT, aRmoCnda recesiuli mod-
eli. saWmlis momnelebeli organoebis anastomo-
zebis nakerebis ukmarisoba 1,36-jer ufro xSiria 
matriqsuli metaloproteinaza-2-is (C-1306→T) ge-
nis homozigoturi СС genotipis mtareblebSi da 
orjer ufro iSviaTi - ТТ minorul homozigoteb-
Si (5,9% vs 10%, p<0,05). saWmlis momnelebeli Rru 
organoebis anastomozebis nakerebis ukmarisobis 
mqone pacientebis jgufSi statistikurad sarw-
munod 1,6-jer ufro xSiria matriqsuli metal-
oproteinaza-2-is (G303→A) genis homozigoturi GG 
variantis mtareblebi. АА genotipis minoruli 
homozigotebis mtareblebi nakerebis ukmari-
sobis mqoneTa jgufSi ar gamovlenila; sakon-
trolo jgufSi analogiuri genotipis sixSirem 
Seadgina 10% (p<0,05).


