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K CBEAEHUIO ABTOPOB!
[Ipu HampaBIeHUY CTAaTbH B PEAAKITHIO HEOOXOINMO COOITIOATh CISAYIONINE TIPABHIIA;

1. CraTps 1oyKHA OBITH MPECTABICHA B IBYX DK3EMILISIPAX, HA PYCCKOM MJIM aHTIIUHCKOM SI3bI-
Kax, HarleyaTaHHas yepe3 MoJITopa HHTepBaJjia Ha OHOIl CTOPOHE CTAHIAPTHOIO JIUCTA ¢ INMPHHOI
JIEBOTO NOJIsI B TPHM caHTHMeTpa. Mcnonb3yemblil KOMIIBIOTEPHBIH WPUQT U1 TEKCTa Ha PYCCKOM U
anruiickoM sizpikax - Times New Roman (Kupuaauima), Ui TekcTa Ha TPY3UHCKOM SI3BIKE CIIETyeT
ucnoip3oBath AcadNusx. Pasmep mpudra - 12. K pykornrcu, HaneyaraHHOW Ha KOMITBIOTEPE, JTOJDKEH
o51Th IprTO’keH CD co crarbeit.

2. Pa3mep craTbu 10TKEH OBITH HE MEHEE IECSTH 1 He OoJiee 1BaALaTH CTPaHUI] MAIIHOIINCH,
BKJIIOUAsl yKa3arellb JINTepaTypsl U Pe3loMe Ha aHIJIMIICKOM, PYCCKOM U IPY3HHCKOM SI3bIKaX.

3. B crarbe 10KHBI OBITH OCBEIIEHBI AKTYyaIbHOCTh JJAHHOTO MaTepHalla, METO/IbI U Pe3YIIbTaThI
UCCIIeIOBaHUS U MX 00CYKACHHE.

[Ipu npencTaBIeHNN B IIeYaTh HAYYHBIX SKCIIEPUMEHTAIBHBIX PA0OT aBTOPHI JOJIKHBI YKa3bIBATH
BHUJl U KOJIMYECTBO IKCIEPUMEHTANBHBIX KUBOTHBIX, IPUMEHSBIIHECS METOABl 00e3001MBaHUs U
YCBIMICHHUS (B XOJ€ OCTPBIX OIBITOB).

4. K crarbe JOIKHBI OBITH IPUIIOKEHBI KpaTKoe (Ha MOJICTPAaHUIIbI) Pe3OMe Ha aHIIIMICKOM,
PYCCKOM M I'PY3HHCKOM $I3bIKax (BK/IIOYAIOLIEE CIEIYIOLINE pa3aesbl: Lieb UCCIeI0BaHNs, MaTepHua U
METO/IBI, PE3YJILTAThI M 3aKIFOUSHHE) U CIIUCOK KITtoueBbIX ciioB (key words).

5. Tabnuupl HEOOXOIUMO NPECTABIATE B Ie4aTHOM hopme. DoTokonuu He TpuHUMaroTcs. Bee
nu¢poBbie, HTOTOBbIE H NPOLEHTHbIE JaHHbIE B Ta0JIMIaX J0JIKHbI COOTBETCTBOBATH TAKOBBIM B
TeKcTe cTaThbU. Tabiuibl U rpaduKu TOTKHBI OBITH 03aryIaBICHBI.

6. dotorpadun AOIKHBI OBITH KOHTPACTHBIMHU, (DOTOKOIHMHU C PEHTTEHOTPAMM - B HO3UTUBHOM
n300paxeHnH. PUCYyHKH, YepTeKU U IuarpaMmbl CIeLyeT 03arIaBUTh, IPOHYMEPOBATh U BCTABUTH B
COOTBeTCTBYIOIIEe MecTo TekcTa B tiff hopmare.

B noanucsix k MukpogotorpagusaM cieayeT yKa3bBaTh CTEIICHb YBEIMUCHHUS YePEe3 OKYISP HITH
00BEKTUB U METOJ] OKPACKU WJIM UMIPETHALIUH CPE30B.

7. ®aMUIIUU OTEYECTBEHHBIX aBTOPOB MIPUBOJATCS B OPUTHHAIBHON TPAHCKPUIILINH.

8. I[Ipu opopmnennn u HarpaBneHun crtared B kypHanm MHI nmpocum aBTOpOB cobmronars
NpaBuIIa, U3JI0KEHHBIE B « EMUHBIX TpeOOBaHUSAX K PYKOMHUCSM, IPEACTABISIEMBIM B ONOMEIUIIMHCKHUE
JKYpHAJIbD», TPUHATHIX MeXKIyHapOAHBIM KOMHUTETOM PEIaKTOPOB MEAMLMHCKUX JKYpPHAJIOB -
http://www.spinesurgery.ru/files/publish.pdf u http://www.nlm.nih.gov/bsd/uniform_requirements.html
B koHIe Kax /101 OPUTHHATIBHOM CTaThU MPUBOIUTCS OMOIHOrpadguyeckuii cucok. B cnmncok nurepa-
TYPBI BKJIFOYAIOTCSl BCE MaTepHalibl, HA KOTOPbIE UMEIOTCS CChUIKU B TeKcTe. CIHCOK COCTaBIsIeTCs B
andaBUTHOM MOpsAKEe U HymMepyeTcs. JIutepaTypHblii HCTOYHMK IPUBOAUTCS Ha sI3bIKE OpUrMHana. B
CIMCKE JINTEPATyPhl CHavYajIa MPUBOIATCS PaOOThI, HAIMCAHHBIE 3HAKAMU TPY3MHCKOTO anaBuTa, 3aTeM
KApuuien u naruauned. CChUIKM Ha IUTHUPYEMble pabOThl B TEKCTE CTATbH JAIOTCS B KBaIPaTHBIX
CKOOKax B BU/I€ HOMEPA, COOTBETCTBYIOLIETO HOMEPY JaHHOH pabOoThI B CIIMCKE TUTEPaTypbl. bonbmmh-
CTBO IIUTHPOBAHHBIX UCTOYHUKOB JOJKHBI OBITH 32 IMOCTETHNUE 5-7 JIET.

9. ns momydeHus MpaBa Ha MyONHMKALMIO CTaThs TOJDKHA MMETh OT PYKOBOIUTENSI pabOTHI
WIN YUPEXKJICHUS BU3Y U CONPOBOIUTEIBHOE OTHOILICHHUE, HAIMCAHHBIC WJIM HAlledaTaHHbIC Ha OJIaHKe
Y 3aBE€PEHHBIE MOJIHCHIO U NIEYaThIO.

10. B koHIe cTaThU NOJKHBI OBITH MOAMHCH BCEX aBTOPOB, MOJHOCTBIO MPUBEACHBI UX
(amuIMM, UIMEHAa U OTYECTBA, YKa3aHbl CIIy>KeOHBIH M JOMAIIHUI HOMEpa TeJIe(OHOB U agpeca MM
uHble KoopAuHaThl. KonmuuecTBo aBTOPOB (COABTOPOB) HE TOJHKHO MPEBBIIIATE IISITH YEJIOBEK.

11. Penakuus ocraBisieT 3a cOO0 MpaBo COKpallaTh U UCHPaBIATh cTarbi. Koppekrypa aBropam
HE BbICBUIAETCS, BCS paboTa U CBEpKa MIPOBOAUTCS 110 aBTOPCKOMY OPHTHHAILY.

12. HenomycTuMO HarpaBiieHHE B pefaklMIo padoT, MPeICTaBICHHBIX K MeYaTH B MHBIX
M3/1aTeIbCTBAX WIIM OMYOJIMKOBAHHBIX B APYTHX M3IAHUSX.

Hpﬂ HApyHI€HUU YKa3aHHbIX IPaBUJI CTATbU HE paCCMaTPUBAIOTCH.




Please note, materials submitted to the Editorial Office Staff are supposed to meet the following requirements:

1. Articles must be provided with a double copy, in English or Russian languages and typed or compu-
ter-printed on a single side of standard typing paper, with the left margin of 3 centimeters width, and 1.5 spacing
between the lines, typeface - Times New Roman (Cyrillic), print size - 12 (referring to Georgian and Russian
materials). With computer-printed texts please enclose a CD carrying the same file titled with Latin symbols.

2. Size of the article, including index and resume in English, Russian and Georgian languages must
be at least 10 pages and not exceed the limit of 20 pages of typed or computer-printed text.

3. Submitted material must include a coverage of a topical subject, research methods, results,
and review.

Authors of the scientific-research works must indicate the number of experimental biological spe-
cies drawn in, list the employed methods of anesthetization and soporific means used during acute tests.

4. Articles must have a short (half page) abstract in English, Russian and Georgian (including the
following sections: aim of study, material and methods, results and conclusions) and a list of key words.

5. Tables must be presented in an original typed or computer-printed form, instead of a photocopied
version. Numbers, totals, percentile data on the tables must coincide with those in the texts of the
articles. Tables and graphs must be headed.

6. Photographs are required to be contrasted and must be submitted with doubles. Please number
each photograph with a pencil on its back, indicate author’s name, title of the article (short version), and
mark out its top and bottom parts. Drawings must be accurate, drafts and diagrams drawn in Indian ink
(or black ink). Photocopies of the X-ray photographs must be presented in a positive image in tiff format.

Accurately numbered subtitles for each illustration must be listed on a separate sheet of paper. In
the subtitles for the microphotographs please indicate the ocular and objective lens magnification power,
method of coloring or impregnation of the microscopic sections (preparations).

7. Please indicate last names, first and middle initials of the native authors, present names and initials
of the foreign authors in the transcription of the original language, enclose in parenthesis corresponding
number under which the author is listed in the reference materials.

8. Please follow guidance offered to authors by The International Committee of Medical Journal
Editors guidance in its Uniform Requirements for Manuscripts Submitted to Biomedical Journals publica-
tion available online at: http://www.nlm.nih.gov/bsd/uniform_requirements.html
http://www.icmje.org/urm_full.pdf
In GMN style for each work cited in the text, a bibliographic reference is given, and this is located at the end
of the article under the title “References”. All references cited in the text must be listed. The list of refer-
ences should be arranged alphabetically and then numbered. References are numbered in the text [numbers
in square brackets] and in the reference list and numbers are repeated throughout the text as needed. The
bibliographic description is given in the language of publication (citations in Georgian script are followed
by Cyrillic and Latin).

9. To obtain the rights of publication articles must be accompanied by a visa from the project in-
structor or the establishment, where the work has been performed, and a reference letter, both written or
typed on a special signed form, certified by a stamp or a seal.

10. Articles must be signed by all of the authors at the end, and they must be provided with a list of full
names, office and home phone numbers and addresses or other non-office locations where the authors could be
reached. The number of the authors (co-authors) must not exceed the limit of 5 people.

11. Editorial Staff reserves the rights to cut down in size and correct the articles. Proof-sheets are
not sent out to the authors. The entire editorial and collation work is performed according to the author’s
original text.

12. Sending in the works that have already been assigned to the press by other Editorial Staffs or
have been printed by other publishers is not permissible.

Articles that Fail to Meet the Aforementioned
Requirements are not Assigned to be Reviewed.
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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 Zn** - and Ca**-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-
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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 (C3% — T) and TIMP-2 (G** — 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
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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 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 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 Diatom™ Prep 200 (Isogen Laboratory, RF)
following the manufacturer’s protocol.

The following polymorphisms were studied by real-time
PCR: C'B3% — T (MMP2), rs243865 and 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 ul 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).

MEJIMIJUHCKHUE HOBOCTHU I'PY3UU
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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 2
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 (C3% — T) and
TIMP2 (G*® — 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
(C13% — 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 y2 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
(C13% — T), rs243865 and TIMP-2 (G*”* — A), rs9900972 in the studied groups

Control rou Experimental group 1 Experimental group 2
The studied gene 1=80 é’; %) P (with phenotypic signs of UDCT) (with anastomotic leak)
’ n=44 (%) n=17 (%)
cc 38 (47,5%) 26 (59,1%) 11 (64,7%)
(C%M?T) CT 34 (42,5%) 16 (36,4%) 5(29,4%)
TT 8 (10%) 2 (4,5%) 1 (5,9%)
Hardy-Weinberg test (%, p) 1*=0,01, p>0,05 x*=0,05, p>0,05 1*=0,17, p>0,05
GG 50 (50%) 24 (54,5%) 14 (82,4%)
TIMP2 . . .
(GWoA) GA 32 (40%) 15 (34,1%) 3 (17,6%)
AA 8 (10%) 5(11,4%) 0 (%)
Hardy-Weinberg test (3, p) +*=0,18, p>0,05 v=1,15, p<0,05 *=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

Control srou Experimental group 1
Genotype _ group (with phenotypical signs of UDCT)n=44 Odds ratio p-value AIC
n=80 (%)
(%)
CC+CT 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
Experimental group 2 .
=80 (°© -
Genotype Control group n=80 (%) (with anastomotic leak) n=17 (%) Odds ratio p-value | AIC
CC+CT 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 3% — 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 y2 with 1 degree of freedom, without Yates correction.
Using the test x2 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 (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 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 x2 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 (G**®* — 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 y2 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-

o T T T d

Control group Experimental Experimental

group 1 group 2

Fig. 1. Frequency distribution of allelic polymorphism (%) of
the promoter (C3" — T) MMP?2 gene

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 umol/L, which is almost twice as high as in the con-
trol 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 lev-
el of serum hydroxyproline was (46.9+2.8) umol/L, moderate
(75.2+3.2) umol/L and severe (122.143.6) umol/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 umol/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 umol/L and a severe degree of
127.5443.4 umol/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.

WGG

GA

HAA

Control Experimental Experimental
group group 1 group 2

Fig. 2. Frequency distribution of allelic polymorphism (%) of
the promoter (G*”* — 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

Experimental group 2 .
=80 (° -
Genotype | Control group n=80 (%) (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
© GMN 9



Our data on the study of polymorphic variants of the MMP2
(C13% — T) and TIMP2 (G*»® — 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 (C3% — T) and TIMP-2 (G*® — 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 «weaknessesy 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
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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'* — T) AND TISSUE INHIBI-
TORS OF METALLOPROTEINASE-2 (G** — A) GENES
IN PATIENTS WITH ANASTOMOTIC LEAK IN HOL-
LOW DIGESTIVE ORGANS

"Voitiv Y., 2Usenko O., *Dosenko V., 'Dyadyk O.,
Dzhemiliev A.

IShupyk National Academy of Postgraduate Educationof the
Ministry of Health of Ukraine, Kyiv, *Shalimov National Insti-
tute of Surgery and Transplantology, National Academy of Med-
ical Sciences of Ukraine, Kyiv; *Bogomoletz Institute of Physiol-
0gy, National Academy of Sciences of Ukraine, Kyiv, Ukraine

The aim. To analyze the frequency of polymorphic variants of
MMP-2 (C3% — T) and TIMP-2 (G** — 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 (C13% — T) and TIMP-2 (G**® — 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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PE3IOME

AHAJIU3 HOJIMMOP®U3MA T'EHOB MATPUKCHOM METAJJIOIIPOTEUMHASBI - 2 (C3%—T)
U TKAHEBOI'O HHTUBUTOPA MATPUKCHOM METAJIJIOIIPOTEUHASBI - 2 (G —A)
Y BOJIBHBIX C HECOCTOATEJBHOCTBIO HIBOB AHACTOMO3O0B ITOJIBIX OPTAHOB ITUIIEBAPEHU S

'Boiitus S1.IO., 'Yeenko O.10., 2Jlocenko B.9., laabik O.0., I:xemuiaes A.H.

'Hayuonanvhas meduyunckas akademusi nocieouniomno2o oopasosanus um. ILJIL. [lynuka;
IV «Hayuonanohwiil uncmumym xupypeuu u mpancnaanmono2uu um. A.A. Hlanumosay HAMH Ykpaunwi,
SUnemumym ¢usuonozuu um. A.A. Bozomonvya HAH Ykpaunwi, Kuee, Ykpauna

Ilenb McCnea0BaHus - aHAIN3 YacTOThI MOTUMOP(QHBIX BapH-
QHTOB I'€HOB MaTPHKCHOH MeTasutonporenHassl — 2 (C1%—T)
U TKAHEBOTO MHTHOMTOpA MAaTPUKCHOM METaJIONPOTEHHA3HI - 2
(G*»—A) y OGOJNBHBIX ¢ HECOCTOSITEIBHOCTBIO [IIBOB aHACTOMO-
30B II0JIBIX OPraHOB MHUILEBAPCHHUSL.

OGcienoBan 61 mamyeHT ¢ HECOCTOSITEIPHOCTBIO IIIBOB aHa-
cToM030B (n=17) 1 maronorueil CoeqMHUTEILHON TKaHU (n=44),
KOTOpBIC Jiedniuch B HalMOHAaIbHOM HHCTUTYTEC XUPYPIHH H
tpaHcmutantonoruu uM. A.A. [llamumosa. [Iposenensr mabopa-
TOpPHBIC, TCHETHYCCKHE, TMCTOJIOIMYCCKUE M CTaTUCTHYCCKUE
HCCIIC/IOBAHUSL.

B pesynbrare reHETHMYECKOr0 M CTaTUCTHYECKOro aHajiu3a
nonuMophu3Ma TeHOB MAaTPUKCHOW METaJUIONpPOTEHHA3bl — 2
(CP%>T) u TKaHEBOr0 HHIMOMTOpA MATPHKCHOH MeTaslio-
npoternHassl — 2 (G**®—A) onpezeneHbl BApUAHTBI [CHOTHIIOB,
ACCOLIMHPOBAHHBIX C PHCKOM DPa3BHTHS HECOCTOSTEIBHOCTH
IIIBOB QaHACTOMO30B IOJIBIX OPTaHOB IHIICBAPCHUS. BBIsSBICHBI
JIOCTOBEPHBIC Pa3INyMsl PACHPEICICHHUS CHOTHIIOB B H3ydae-
MBIX IpyIinax. AHajau3 MYJIBTUIIMKATHBHONW MOJIEIN HACIEeI0-

BaHUsI FCHOB MaTPUKCHOM MeraiutonporenHassl — 2 (C1—T)
1 TKaHEBOTO MHTUOUTOPA MAaTPUKCHON METAIIIONPOTEHHA3HI — 2
(G*3—A) noxasaji COOTBETCTBHE PACIIPE/ICICHUSI TCHOTUIIOB C
3akoHOM Xapnu-Baiinoepra. [IpoananmsnpoBaHbsl Bce Haclen-
CTBEHHBIC MOJIENN, JIy4Illel Cpei HUX C HanOoJiee HU3KUM HH-
(OpMaIMOHHBIM KpHTEpHEM AKAaWKH OKa3aJlach PEIeCCHBHAs
MOJIEIIb.

HecocTosTenbHOCTE MIBOB aHACTOMO30B MOJIBIX OPTAaHOB ITH-
mesapeHus B 1,36 pasa ydale BCTpedaeTcs y HOCUTEICH roMo-
surorHoro CC reHoTHna reHa MaTpUKCHONW METaJUIONPOTEHHA-
361 — 2 (C3%—T) u BOBOE pexe - B MUHOPHBIX romo3urorax TT
(5,9% nporus 10%, p<0,05). B rpynme nanueHToB ¢ HECOCTOSI-
TEILHOCTBIO IIIBOB AHACTOMO30B ITOJIBIX OPTaHOB MTUIIEBAPCHNS,
CTaTHCTUYECKH JJOCTOBEPHO, B 1,6 pa3a yarie BBISIBICHBI HOCH-
Tenmu romo3urotHoro GG BapuaHTa TeHA TKAHEBOTO MHIHOHTO-
pa MaTpHKCHOH MeTatonpoTerHasbl — 2 (G**—A). Hocureneit
MHHOPHBIX TOMO3UTOT AA T€HOTHUIIA B IPYIIIE C HECOCTOSTEIb-
HOCTBIO IIBOB HEe OOHAPY’KEHO, aHAJIOTHYHBIA TeHOTHII B KOH-
TpoJbHOH rpymre Berpedancs B 10% (p<0,05).
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