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POLYMORPHISM OF TISSUE INHIBITORS OF METALLOPROTEINASE-2 (G* — A)
GENE IN PATIENTS WITH INTESTINAL ANASTOMOTIC LEAK IN UKRAINIAN

POPULATION

Y. Y. Voitiv
Shupyk National Healthcare University of Ukraine, Kyiv, Ukraine

Purpose - to analyze the frequency of polymorphic variants of tissue inhibitors of
metalloproteinase-2 (G — A) gene in patients with intestinal anastomotic leak.
Material and methods. The object of the study comprises 61 patients with anastomotic leak
and connective tissue pathology, who were treated in the department of thoracoabdominal
surgery of Shalimov National Institute of Surgery and Transplantology during 2017-
2020. Laboratory, genetic, histological studies and statistical analysis were performed.
Results. As a result of genetic and statistical analysis of the tissue inhibitors of
metalloproteinase-2 (G°%® — A) gene polymorphisms, genotype variants have been
identified that are associated with the risk of anastomotic leak in the hollow digestive
organs. Significant differences in the distribution of genotypes in the studied groups
were revealed. Analysis of the multiplicative model of inheritance of tissue inhibitors of
metalloproteinase-2 (G°” — A) gene 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.

Conclusions. It is statistically significant that in the group of patients with intestinal
anastomotic leak the GG variant of the TIMP-2 gene was detected in 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).
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MOJIMOP®I3M 'EHA TKAHUHHOT O IHI'IBITOPA MATPUKCHOI
METAJOIPOTEIHA3H-2 (G* — A) Y XBOPHUX I3 HECIIPOMOKHICTIO
KHALIKOBUX LIBIB B YKPATHCHKIN MO YASIIIT

A.IO. Boiimis

Mema Oocnidxcenna: nposecmu auaniz 4acmomu MNOAIMOPQHUX 6apiaHmie 2eHd
mKanunHo20 ineibimopa mampukcroi memanonpomeinazu-2 (G% — A) y xeopux i3
HECNPOMONCHICIIO WUBI68 MINCKUUKOBUX AHACIOMO316 8 YKPAIHCLKOI NONYIAayii.
Mamepian i memoou. O6'ckmom docniodcenns 6y8 61 nayicum 3 HeCHPOMOIICHICTNIO
WBI8 aHACMOMO318 I Namoio2i€0 CRONYYHOI mKanunu, Kl aikyeaiucsa 6 Y «HIXT im.
A.A. Ulanimosay. Ilposedeni nabopamopii, ceHemuuni, 2iCmoa02iuti ma cmamucmuymi
00CIOHCEHHS.

Pesynomamu. Y pesyiomami 2eHemuuHo20 i CMamucmuiHo20 aHaiizy nonimMop@izmy
2ena mranunno2o ineibimopa mampukcnoi memanonpomeinasu-2 (G% — A) 6yu
BU3HAYEHT 8apianmu 2eHOMUNI8, acoyio8aHUX 13 PUSUKOM PO3BUMKY HECHPOMONCHOCTI
WBI68 KUWKOBUX aHACMOMO3i8. Busenieno 0ocmosiphi 8i0MIiHHOCIE pO3NOOINLY 2eHOMUNIB
y Oocriddcysanux epynax. Auaniz Mynomuniikamuenoi mooeuni YCnaoxy8anus 2end
mKanunHo20 ineibimopa mampuxchoi memanonpomeinasu-2 (G’ — A) nokazas
8i0N0GIOHIcCMb po3nodiny eenomunie 3axony Xapoi-Baiinbepea. Ilpoananizosano 6ci
CRAOKo8i MOOeI, | GUSHAYEHA HAUKPAWA MOOeLb i3 HAUOLIbUL HUSBKUM [HEHOPMAYIIHUM
Kpumepiem Atikaiixe, KO0 GUABULACH PEYECUBHA MOOETb.

Bucnosku. Y epyni nayicnmis i3 HeCnpOMONCHICIMIO WBI6 MINCKUUKOBUX AHACOMO3I8
cmamucmudno 0ocmosipro, 6 1,6 paza yacmiwe, susgieno Hociie comosucomunoco GG
sapianma 2ena MKAHUHHO20 iH2I0Imopa mampukchoi memanonpomeinazu-2 (G3% — A).
Hociie minopnux comozuecom AA eenomuny 8 epyni 3 HeCNPOMONCHICIIO UIBIB BUBTEHO He
6yn10, Mmooi AK aHano2iyHuLl 2eHomun y KoHmponvHiu epyni mpannaeca 6 10% (p <0,05).
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Lleny - nposecmu aunanus Yacmomsl NOAUMOPPHLIX BAPUAHTOE 2eHA MKAHEBO20
uneubumopa  mampuxcruou — memaironpomeunasvi-2  (G3—A) y  6oabnbix ¢
HeCOCMOAMeNbHOCHbIO UB08 AHACTNOMO308 NOMbIX OPSAHO8 NULEBAPEHUs] YKPAUHCKOIL
RONYAAYUU.

Mamepuan u memoovl. Obvekmom  uccieoogéanus 6vin 61  nayuenm ¢
HeCOCMOAMENbHOCIbIO W08 AHACIOMO308 U NAMONO2Uell COCOUHUMENbHOU MKAHU,
xkomopwie neuunucy 8 1Y «HUXT um. A.A. Llanumosay. IIposedensi nabopamopHule,
2eHemuyecKue, 2UCMOoNocUdecKue U CMamucmuyecKue Uccie008aHuUs.

Pesynomamut. B pesyromame  cenemuueckoeo U CIMAMUCMUYECKO20  AHAIU3A
ROTUMOPHUIMA 2eHA MKAHEB8020 UHSUOUMOPA MAMPUKCHOU MemAailonpomeunasvl-2
(G*B—A) 6viau onpedenenvl eapuanmvl 2eHOMUNOS, ACCOYUUPOBAHHLIX C PUCKOM
pas3eumusi  HecOCMOSMenbHOCIU W08  KUMEUHbIX — AHACMOMO308.  Buiasnenv
00CMOBEepHbIe PA3IUYUA PACHPEOeleHUss 2eHOMUNOE 8 SPYNNAX, KOMOpble U3VUAIUCh.
AHanuz MyTbmMunIuKamueHou Mooenu HAcIe008aHUs. ceHd MKAHeB8020 UHSUOUMOopA
mampukcroumemannonpomeunasol-2 (G3%—A) nokazan coomeememeue pacnpedenenus
2eHomunog ¢ sakonom Xapou-Baiinbepea. IIpoananusuposanvl éce HACIeOCTNEEHHbLE
MoOenu u onpedeieHa JIyyuias Molelb ¢ Haubonee HUSKUM UHDOPMAYUOHHBIM
Kkpumepuem Alikaiike, KOmopoi 0KA3a1ach peyecCusHas Mooenb.

Bo1600b1. B epynne nayuenmog ¢ HecoCmMOsmMenbHOCMbIO WE08 AHACHOMO308 NONbIX
0p2aHo8 nuwesapenus cmamucmuiecku 0ocmosepHo, 6 1,6 paza uawe, 6blAGIE€HO
Hocumenet eomozucomuozo GG eapuanma cena mMKane8o2o0 UHUOUMOPA MAMPUKCHOUL
memannonpomeunasuvl-2 (G3—A). Hocumeneii munopnvix comosucom AA eenomuna 6
epynne ¢ HecoOCMOAMENbHOCBIO W08 OOHAPYIHCEHO He DblI0, M020d KAK AHANOSUYHbIIL
2enomun 8 KOHmpoabHou epynne ecmpeuanca 6 10% (p <0,05).

Introduction

Despite the improvement of existing techniques
and the development of new surgical technologies,
the anastomotic leak in the hollow digestive organs is
one of the most difficult complications in abdominal
surgery. The incidence of such complications, 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
peritonitis, abdominal sepsis mortality increases up to
43-82,9% [1,4]. So far, there is no single point of view
in the surgical community regarding the causes of
anastomotic leak development and surgical tactics in the
development of these complications. According 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 rheological 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 processes 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 mechanisms of
reparative regeneration in the area of the anastomosis
and possibilities of the regenerative processes
stimulation, adequate restoration of morpho-functional
characteristics of digestive organs 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 the
hollow digestive organs.

ISSN 1727-4338  https://www.bsmu.edu.ua

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 polymorphism of gene
encoding 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].

The main regulators of matrix metalloproteinases
(MMP) are tissue inhibitors of metalloproteinases -
TIMPs (TIMP-1, TIMP-2, TIMP-3, TIMP-4). All 4
groups of TIMPs can inhibit the proteolysis of the 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 [8].

At the same time, information on the role of
TIMPs in the development of intestinal anastomotic
leak is almost absent. However, we have not found
publications on the study of genetic polymorphism of
TIMPs of the development of anastomotic leak.

The aim of research

To analyze the frequency of polymorphic variants
of gene TIMP-2 (G**® — A) in patients with intestinal
anastomotic leak.

Material and methods

A retro- and prospective trial was based on data of
61 patients, who were treated at the Shalimov National
Institute of Surgery and Transplantology. 17 of 61
patients (experimental group 2) suffered anastomotic
leak in hollow 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 (Ukrainian
population) have been examined (control group), who
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were matched by gender and age with experimental
groups. 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
Ne120158 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
tissue dysplasia made by T.Y. Smolnova (2003) [9].

Genetic studies were performed in the laboratory
of the Department of General and Molecular
Pathophysiology at the Bogomoletz Institute of
Physiology NAS of Ukraine. The collection of the
buccal epithelium was performed using buccal brushes
with the upcoming freezing of the samples at the
temperature of -20° C. DNA for the genotyping was
extracted from the samples using Diatom™ Prep 200
(Isogen Laboratory, RF) following the manufacturer's
protocol.

The following polymorphisms were studied
by real-time PCR: G** — A (TIMP2), rs9900972.
Amplification reactions were performed using the Fast
Real-time PCR System (Applied Biosystems, USA) in
a final reaction volume of 20 pl containing 2X TagMan
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
(Applied 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
distribution was checked using the Hardy-Weinberg test.
Pearson's i test was used to compare the distribution of
genotypes in the experimental and control groups.

Results and discussion

To identify the possible association of polymorphic
variants of TIMP2 (G** — A) gene 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).

Table 1

The distribution of polymorphic variants of gene TIMP-2 (G** — A), rs9900972 in the studied groups
Experimental group 1 Experimental group 2
) Control group | (with phenotypic signs (with anastomotic
The studied gene =80 (%) of UDCT) leak)
n=44 (%) n=17 (%)
GG 50 (50%) 24 (54,5%) 14 (82,4%)
TIMP2 GA 32 (40% 15 (34,1% 3(17,6%
G (40%) (34,1%) (17.6%)
AA 8 (10%) 5 (11,4%) 0 (%)
Hardy-Weinberg test (¥%, p) | x*=0,18, p>0,05 w=1,15, p<0,05 1*>=0,15, p<0,05

In the analysis of TIMP-2 inheritance models (G** —
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 distribution 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 y* test with 1 degree of freedom,
without Yates correction use. It has been 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 inheritance models (G*®* —
A), in the control group (n=80) and experimental group
2 with anastomotic leak (n=17). The conformity of
the genotype distribution to Hardy-Weinberg's law in
the control group was checked using the y* 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 2).

Table 2
The odds ratio for recessive inheritance model in patients with anastomotic leak.
Odds ratio with 95% confidence interval.
Control group | Experimental group 2 (with .
Genotype n=80 (%) anastomotic leak) n=17 (%) Odds ratio p-value | AIC
GG+GA 72 (90%) 17 (100%) 1.00
AA 8 (10%) 0 (0%) 0 (NA-1.479¢e+266) 1 15.62
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In the examined population in the control group and
experimental 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 distribution 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 genotype 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 detected, while a similar
variant in control and experimental group 1 was found in
10% and 11,4% of cases (Diagram 1).
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Diagram 2. Frequency distribution of allelic polymorphism (%) of the promoter (G** — A)
of the TIMP2 gene

In the 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%), vascular pathology (70,58%),
arrhythmias (52,9%).

The study of phenotypic signs of UDCT in the group
of patients 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 umol/L, which is almost twice
as high as in the control group (21,2 + 0.8 pmol/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
level of serum hydroxyproline was (46,9+2,8) umol/L,
moderate (75,2+3.2) pmol/L and severe (122,143.6)
pmol/l, which is almost 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
glycosaminoglycans levels, a direct correlation with
the severity of UDCT was also revealed. With a mild
degree of UDCT, the level of glycosaminoglycans
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was 80,9442.8 umol/L, which is highly reliable, twice
as many as in the control group (44,68+1.8). With an
average degree of 105,1243.5 pmol/L and a severe
degree of 127,54+3,4 pmol/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.

Our data on the study of polymorphic variants of the
TIMP2 (G**® — A) gene in the Ukrainian population
(n = 80) generally correspond to populations of Europe
and the USA [10,11].

The closest genotypic variations in the studied genes
were populations of Austria [12] and the Netherlands
[13]. Moreover, we found significant differences when
compared with the African and Asian populations [14,
15].

As a result of genetic and statistical analysis of the
polymorphism of the TIMP-2 (G** — A) gene, variants
of genotypes associated with the risk of development of
anastomotic leak of the hollow digestive organs were
determined.

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 anastomotic
leak were not detected, while a similar genotype in the
control group was found in 10%.

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

The correlation between the level of biochemical
markers of collagen biodegradation and the severity
of UDST have been revealed, which is diagnosed on
the basis of phenotypic, visceral manifestations, 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 a 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 formation of the anastomosis and
possible "weaknesses" is no less important than the
surgical technique [16].

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 diagnostic,
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.In the group of patients with anastomotic
leak in the 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 anastomotic leak were not detected, while a
similar genotype in the control group was found in 10%
(p <0,05).

2.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 postoperative abdominal
complications, including the intestinal anastomotic leak.

3.The presence of connective tissue dysplasia
in patients with intestinal anastomotic leak is an
aggravating comorbid factor, which must be considered
when choosing adequate surgical tactics and complex
pathogenetically substantiated treatment.
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Prospects for further research

The identified features of allelic variants of the TIMP-
2 gene (G** — A) in groups of patients with external
intestinal fistulas are the basis for further study and
search for molecular genetic markers encoding the main
links in the pathogenesis of abdominal postoperative
complications.
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