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AHHOTAIIUA

C 1es1p10 UByYEeHHA aCCOLUAIUN OJTHOHYKJIEOTH/IHBIX TOJIMMOPGU3MOB IIPOMOTOPHBIX y4acTKOB reHoB MMP2, MMP3
u MMP9 ¢ pakTopamu CepIeYHO-COCYICTOTO PUCKA U MTOPAKEHNEM KapOTHAHBIX apTEPHUil y O0JIbHBIX PEBMATOUIHBIM
aptpuroMm (PA) 6bu1H 06¢c1e1oBaHbI 212 60bHBIX PA (181 jkeHIMHA, 31 My»KUMHA; CPEHUI Bo3pacT — 58.0 roza) ¢ yme-
PEHHOI ¥ BBICOKOI aKTHBHOCTHIO 3abosieBaHus (cpeHsis oneHka mo DAS28 — 4.96). B xojie vicciei0BaHUsl yCTaHABIIN-
BaJIUCh TPAJUIIMOHHbBIE U CBSI3aHHBIE C TEYEHUEM BOCIIAJIUTEIbHON apTponaTuu (pakTOphl CEPIEUYHO-COCY/TUCTOTO PUCKA;
TIPOBO/IMJIOCH TEHOTUIIMPOBAHUE C OTIPE/IEJIEHUEM O/THOHYKJIEOTUAHBIX ToauMopdusmoB MMP3 5A-1171 6A (rs3025058),
MMP9 C-1562T (rs3918242), MMP2 C-1306T (rs2438650). C OMOIIIbI0 YIBTPAa3BYKOBOH fomuieporpadun Gpaxuorie-
(anbHBIX apTepUil BBIABIISAIN aTePOCKIepoTHUecKre Osamkn (AB).

¥ 607bHBIX ¢ TeHOTUIIOM MMP9 -1562TT AB BCTpeuasuch uaiie, 4eM y Hocurtesiel aukoro aiens C (71.4 % npoTus
26.3 %, p = 0.022), 1 3Ta aCCOIUAIUs COXPAHSIIACH JJaKe IOC/Ie KOPPEKTUPOBKH 10 BO3pacTy | mosty. I'eHorun MMP2
-1306TT Bcrpeuascs y 18.6 % 6osbHBIX ¢ AB B cpaBHeHHH € 7.9 % ¥ 60IBHBIX 6e3 Ossmku (p = 0.025), HO TIOC/Ie KOPPeK-
IIUY TI0 BO3PACTY U IOJIy JAHHbIE PA3JINUUs HUBEJIUPOBIHCH (P = 0.14).

Takum 00pa3oM, BBISIBJIEHBI OTJIMYHS BCTPEYAEMOCTH PA3JIMYHbBIX FeHOTUNOB MMP2 u MMPQ B 3aBUCHMOCTH OT Ha-
smuust AB y 6051bHBIX PA, UTO CBH/IETEJIBCTBYET O BO3MOXKHOM BJIMSTHHH 3THX IMOJUMOP(PU3IMOB Ha IOPAYKEHUE KAPOTH/I-
HBIX apTepuii 1 GOpMUPOBaHUE MTPEAPACIOTIOKEHHOCTH K PA3BUTHIO CEPAEUHO-COCYAUCTHIX COOBITHH.

Karoueavte caoea: peBMaTOUJHBIN apTPUT, CEPAEYHO-COCY/IUCThIE 3a00eBaHusA, HAKTOPHI PHCKA, aTEPOCKIEPO3,
KOHCTaHTHBIE T€eHETUYECKHE MapKePhI, I'S3025058, 153918242, rs2438650.

ABSTRACT

In order to study the association of single-nucleotide polymorphisms in the promoter regions of MMP2, MMP3 and
MDMP9 genes with cardiovascular risk factors and carotid artery lesions in patients with rheumatoid arthritis (RA) 212
patients with RA (181 women, 31 men; mean age — 58.0 years) with moderate and high disease activity were examined (av-
erage DAS28 score — 4.96). The study established traditional and associated with the course of inflammatory arthropathy
cardiovascular risk factors; genotyping was carried out with the definition of single-nucleotide polymorphisms MMP3 5A-
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1171 6A (rs3025058), MMP9 C-1562T (rs3918242), MMP2 C-1306T (rs2438650). Atherosclerotic plaques were detected

by ultrasound dopplerography of brachiocephalic arteries.

In patients with the MMPg -1562TT genotype atherosclerotic plaques were more common than in carriers of wild-
type allele C (71.4 % vs. 26.3 %, p = 0.022), and this association remained even after adjustment by age and sex. The
MMP2 -1306TT genotype was found in 18.6 % of patients with AB compared to 7.9 % in patients without plaque
(p = 0.025), but after correction by age and sex these differences were leveled (p = 0.14).

Thus, the differences in the occurrence of different MMP2 and MMPg genotypes depending on the presence of AB in
RA patients were revealed, which indicates the possible impact of these polymorphisms on the carotid arteries damage and
the formation of a predisposition to the development of cardiovascular diseases.

Keywords: rheumatoid arthritis, cardiovascular diseases, risk factors, atherosclerosis, constant genetic markers,

rs3025058, 1s3918242, rs2438650.

BBEJAEHWUE

PeBmarounnpiii aprput (PA) — ayTomMMyHHOe
peBMaruyeckoe 3a00JieBaHME, XapaKTepU3YIOIIee-
¢l XpOHHYECKUM BPO3UBHBIM apTpUTOM (CHHOBU-
TOM) U CUCTEMHBIM TOpPaKEHUEM BHYTPEHHUX Opra-
HOB. CMepTHOCTD y 60JIbHBIX PA mpeBbImaer obie-
MIOMYJIAIMOHHYI0, YTO CBA3BIBAIOT ¢ (POpPCHPOBaAH-
HBIM TEUEHHEM aTepockyepos3a Ha ¢GoHe XpOHUYe-
cKoro BocnasieHus [1]. Passurue kak camoro PA, Tak
U CEpJIETHO-COCYAVCTON NATOJIOTHN IPOUCXOAUT Ha
OCHOBE HMHTETPAJIbHBIX B3AaUMOJIEHCTBUN TeHeTHYe-
CKHUX 0COOEHHOCTeN opraHu3Ma U (paKkTOpOB BHEII-
Hel cpeabl. OMHOHYKJIEOTHJIHBIE TTOJTUMOPHU3MBI
(single nucleotide polymorphisms, SNPs) B mpomo-
TOPHBIX PerMOHAX 'eHOB MOIYT 3HAYUMO BJIUATH Ha
YPOBEHB 3KCIIPECCUU, TEM CaMbIM (OPMHUDYS HATH-
e IpepaCIIOIOKEHHOCTH K TOMY WJIM HHOMY OTBe-
Ty Ha Bo3jelicTBue. B CBA3Y ¢ 5TUM IIOKCK KOHCTAHT-
HBIX TeHeTHYECKIX MapKepPOB OCTAETCs aKTyaJbHOH
3ajlauedl TPEeBEeHTUBHON W II€PCOHATU3UPOBAHHOU
MEZUIUHEI.

OHUM U3 BO3MOXKHBIX MEXaHU3MOB, JIEKAIIIUX
B OCHOBE ITATOJIOTUYECKOTO IIPOoIecca B CTEHKE COCY-
J1a, MOXKET OBITh HApYIIIEHHE PEMOJIETUPOBAHMUS CO-
eIMHUTEJIbHON TKAaHU, B PEryJIAIUH KOTOPOTO He-
MAaJIOBaXKHYIO POJIb UT'PAIOT MATPUKCHBIE METaJLJIO-
poTerHa3bl. MaTpHUKCHBIE MeTaJUIONPOTENHA3BI
(matrix metalloproteinases, MMPs) — cemelicTBO
[IIMHK-3aBUCUMBIX 3H/IONENTH/Ia3, OTBETCTBEHHBIX
3a paciierieHne 6eJKoB, Jale BHEKJIETOYHOTO Ma-
Tpukca [2]. Y dyesioBeka 0OHAPYKEeHO 24 reHa, KO-
pytomux 23 MMPs. B Hopme X OpoAyKIUsA B IIOKOe
KJIETKAaMH UMMYHHOU CUCTEMbI HAXOAUTCS HA HU3-
koM ypoBHe. ITomaBistomee 6osbmuaCTBO MMPS
MPOIyIINPYIOTCA B BUZEe HEAKTHUBHBIX (HEPMEHTOB,
YTO IIpeJOTBpAIllaeT CIOHTAHHOE IIOBpEeKJIeHHe
OKPY?KaIOI[ero MaTPHUKCA, a UX aKTHUBALIMS OCYIIIEeCT-
BJISIETCA COOTBETCTBYIOIIIMMH IPOTea3aMu. IKC-
IIpecculo, cekpenuo u akruanuio MMPs ycunuba-
IOT BOCHIAJIUTEJIbHBIE ITUTOKUHBI 1 XeMOKHUHEI. Jlaxe
rmocJie mepexo/a B akTUBHOe cocTtogHue MMPs mo-
I'yT OBITH UHTUOMPOBAHBI COOTBETCTBYIOIITUMHU UHTH-

INTRODUCTION

Rheumatoid arthritis (RA) is an autoimmune
rheumatic disease characterized by chronic erosive
arthritis (synovitis) and systemic damage to the in-
ternal organs. Mortality in patients with RA exceeds
the general population, which is associated with
forced atherosclerosis on the background of chronic
inflammation [1]. The development of both RA and
cardiovascular pathology is based on the integral
interactions of genetic characteristics of the organ-
ism and environmental factors. Single-nucleotide
polymorphisms (SNPs) in the promoter regions of
genes can significantly affect the level of expression,
thereby forming the presence of a predisposition to
a particular response to the impact. In this regard,
the search for constant genetic markers remains an
urgent task of preventive and personalized medicine.

One of the possible mechanisms underlying the
pathological process in the vessel wall may be a vio-
lation of connective tissue remodeling, in the regu-
lation of which matrix metalloproteinases play an
important role. Matrix metalloproteinases (MMPs)
belong to the family of zinc-dependent endopepti-
dases responsible for the cleavage of proteins, more
often than extracellular matrix [2]. In humans, 24
genes encoding 23 MMPs were found. Normally,
their production at rest by cells of the immune sys-
tem is at a low level. The vast majority of MMPs are
produced in the form of inactive enzymes, which
prevents spontaneous damage to the surrounding
matrix, and their activation is carried out by the
corresponding proteases. The expression, secretion
and activation of MMPs are enhanced by inflamma-
tory cytokines and chemokines. Even after the tran-
sition to the active state, MMPs can be inhibited by
appropriate inhibitors (tissue inhibitor of metallo-
proteinases — TIMP), which are actively expressed
by unstimulated peripheral blood monocytes,
B- and T-cells [3]. On the one hand, MMPs prevent
intima thickening at an early stage of atheroscle-
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6utopamu (tissue inhibitor of metalloproteinases —
TIMP), KOTOpble aKTUBHO DKCIIPECCUPYIOTCS HECTHU-
MYJIIDOBAHHBIMU MOHOIIUTAMH IepUpEPUIECKON
kpoBH, B- m T-wierkamu [3]. C offHOW CTOpOHBI,
MMPs nipenATCTBYIOT YTOJIIIIEHUIO NHTUMBI Ha PaH-
HeH crajinu GOPMHUPOBAHUSA ATEPOCKIEPOTUUECKOUN
6nsamxku (ACB), a ¢ ipyroii — croco6CTBYIOT paspy-
IIEHUI0 BHEKJIETOYHOTO MaTPHUKCA, YTO MPUBOJUT K
paspbIBy OJsAIIKY [4].

MartpukcHas MetasutonporenHasza — 2 (MMP2,
JKeJlaThHa3a A) aKkTUBHA B OTHOIIEHUH KOJUIareHa
IV Tuma, oCHOBHOTO KOMIIOHEHTA 0a3aJIbHBIX MEM-
6paH. OCHOBHbBIE UCC/IEZIOBAHUA OBLIIN HAIPABJIEHBI
Ha U3yYEHUeE ee YIaCTUsI B UHBA3UU KJIETOK IIPU OITy-
XOJIEBBIX ITPOLIECCaX, apTPUTE U aTepOreHe3e, MUTPa-
MU ¥ TposIudeparuy ri1aIKOMBIIIIEUHBIX KJIETOK CO-
cynoB. «HokayrupoBanue» MMP2 y mbliiieil MoxeT
KaK yMeHbIIaTh 00pa30BaHUE UHTUMBI B COCY/IE, TAK
Y 3aIlUIIATh OT 00pa30BaHUsA aHEBPU3M, UTO XapaK-
TEPU3YET JIBOSIKHE BO3MOXKHOCTH METAJLJIONIPOTENHA-
3bI B 3aBUCUMOCTH OT MUKPOOKpy-keHud. /[y MMP2
nokasaHo, uro SNP MMP2 C-1306T (rs2438650)
IIPUBOJIUT K MMOBPEXK/IEHUIO SP1-CBA3BIBAIOIIETO Cali-
Ta ¥ CHUKEHUIO TPAHCKPHUIIIIMOHHOW aKTUBHOCTH [5].
B ACDB copep:xanue MMP2 Brillle, ueM B HEIIOBPEXK-
JIEHHOM COCY7ie, IIPH 3TOM ee YPOBeHb OOJIbIIIe B CTA-
O6mpHON Osistke. Takske kommuectBo MMP2 B kpo-
BU yBeJIMUMBAeTcsA Hocyie mHMapKkTa MUoOKapaa [4],
U y>ke onrcano ygactue MMP2 B TeueHun mpoiecca
uieMuu-penepdysuu [2].

MarpukcHas MetasutonporenHasza — 3 (MMP3,
CTpOMeNIN3UH-1) 00J1a/1aeT MUPOKUM CIIEKTPOM OHO-
JIOTUYECKOU AaKTUBHOCTU. CeKperus ee OCYILeCT-
BJISIeTCSl TIPEUMYIIIECTBEHHO KJIETKAMU COeUHU-
TesibHOU TKaHU. [losmumopdusm MMP3 5A-1171 6A
(rs3025058), BaKJIIOUAIOIIUHCA B WHCEPIIMH aJI€HO-
3WHA, IPUBOJIUT K IBYKPATHOMY CHMKEHUIO SKCIIpec-
CHUU COOTBETCTBYIOIIETO MPOAYKTa [6]. AJens, cBs-
3aHHBIA C BBICOKOU 3KCIIPECCHEN, aCCOIMUPOBAH C
MEHBIIIEH BCTPEYAEMOCTBIO HIIIEMHYECKOH 00JIe3HU
cepara, HO ¢ GOJIBIITNM YUCJIOM UH(APKTOB, UTO MO-
JKeT OBITh OOYCJIOBJIEHO Pa3BUTHEM HECTAOWJIbHBIX
Gssitiiek. YpoBeHb MMP3 B KpOBU SIBJISIETCS IIPEHU-
KTOpPOM He(JIarOMpUsATHOTO KCXOZA IIOCJIE OCTPOTO
nHbpapKTa MUOKapza. B mesom, B ¢Bs3U ¢ KOppess-
nuel ¢ ypoBHeM C-peakTHBHOTO 0OeJKa, cofiep:KaHue
MMP3 B KpOBH MOKET OTpakaTh 00IIlee ITPOBOCIa-
JiTesibHOE cocTosiHue [7]. Takike paHee ObUTH ITOKa-
3aHbI 3HAUMMBbIe aCCOIMAIIY TeHOTUIA 5A5A ¢ Hamu-
YreM KapOTHU/THOTO aTepOCKIepo3a y My>kurH [8].

MarpukcHas MetayuionporenHasa — 9 (MMPo,
JKeJlaTHHa3a B) yuyacTByeT B Jierpasaliiil Kosuiare-
Ha IV tuna, sapagy ¢ MMP2. B nporusosec MMP2
JIaHHAs MeTaJIIONPOTeNHAa3a HanboJiee 4acToO HKC-

rotic plaque (AP) formation, and on the other hand,
contribute to the destruction of the extracellular
matrix, which leads to plaque rupture [4].

Matrix metalloproteinase — 2 (MMP2, gelatin-
ase A) is active against IV type collagen, the main
component of the basal membranes. The main
studies were aimed at studying its participation in
cell invasion in tumor processes, arthritis and ath-
erogenesis, migration and proliferation of vascular
smooth muscle cells. MMP2 “knockout” in mice can
both reduce the formation of intima in the vessel,
and protect against the formation of aneurysms,
which characterizes the dual possibilities of metal-
loproteinase depending on the microenvironment.
For MMP2 was shown that SNP MMP2 C-1306T
(rs2438650) causes damage to the Sp1-binding site
and reduced transcriptional activity [5]. The con-
tent of MMP2 in AP is higher than in an intact ves-
sel, while its level is higher in a stable plaque. The
amount of MMP2 in the blood also increases after
myocardial infarction [4], and the involvement of
MMP2 during the ischemia-reperfusion process has
been described [2].

Matrix metalloproteinase — 3 (MMP3, strome-
lysin-1) has a broad spectrum of biological activ-
ity. Its secretion is carried out mainly by connective
tissue cells. Polymorphism of MMP3 5A-1171 6A
(rs3025058), consisting in the insertion of adenos-
ine, leads to a twofold decrease in the expression of
the corresponding product [6]. Allele associated with
high expression is associated with a lower incidence
of coronary heart disease, but with a large number
of infarctions, which may be due to the development
of unstable plaques. MMP3 levels in the blood are a
predictor of adverse outcomes after acute myocardial
infarction. In general, due to the correlation with the
level of C-reactive protein, the MMP3 content in the
blood may reflect the general proinflammatory state
[7]. Also previously significant association of the
5A5A genotype with the presence of carotid athero-
sclerosis in men has been shown [8].

Matrix metalloproteinase — 9 (MMP9, gelatin-
ase B) is involved in the degradation of IV type col-
lagen, along with MMP2. In contrast to MMP2, this
metalloproteinase is most often expressed by leuko-
cytes and their predecessors. The highest levels of
MMPg9 were recorded in the field of accumulation of
foam cells and “shoulders” of AP. Polymorphism in
the MMP9g C-1562T (rs3918242) is associated with
predisposition to pathology of the coronary vessels
and the severity of their lesions. The association of
arterial wall stiffness with this polymorphism was
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IIpeccupyeTcs JIEUKOIUTAMU U UX IIPeJIIIeCTBeHHU-
kamu. Camsble BbicOKHe ypoBHH MMP9 3aperucrpu-
pOBaHBI B 00JIACTH HAKOIUIEHUS IEHUCTHIX KJIETOK
u «mneyax» ACB. Ilomumopduszm MMP9 C-1562T
(rs3918242) cBsizaH C TPeAPACIOJIOKEHHOCTHIO K
[IaTOJIOTHH KOPOHAPHBIX COCYZOB U C TSXKECTHIO HX
nopakeHus. Taxyke ObUIa ITOKAa3aHA ACCOLMAIUS
JKECTKOCTU apTePUAJIbHOM CTEHKU C YKa3aHHBIM I10-
JIMOpGU3MOM, a y MMAITIEHTOB C TUIIEPTOHIUYECKOU
60s1e3HBIO ¢ ajutesieM T TMOBBILIEH PHCK CEP/IEYHO-
COCYAUCTHIX COOBITHH. B mesiom, corsacHo surepa-
TYPHBIM JaHHBIM, HOCUTENIU ajens 1 JeMOHCTPU-
PyIOT yBestmueHue sxcnpeccu MMP9 [7].

IOEJDb NCCJIEJOBAHUA

W3yunTh acconmuanuio OAHOHYKJIEOTHIHBIX
OJTUMOPGU3MOB ITPOMOTOPHBIX YIACTKOB T'E€HOB
MMP2, MMP3 u MMP9 c dakTopaMu cepj/ileqHO-
COCYZIMICTOTO PUCKA U MTOPAKEHNUEM KapOTHIHBIX ap-
Tepuil y O0JIbHBIX PEBMATOUTHBIM apTPUTOM.

MATEPUAJIBI 1 METO/AbI

B uccietoBaHUY IPUHSIIH YUaCTHE 212 OOJTBHBIX
PEBMaTOUTHBIM apTPUTOM. /[MarHo3 ObLI MOCTABJIEH
Ha ocHoBaHWU KpuTepueB ACR 1987 r. u/mwim ACR/
EULAR 2010 1. Uccnenoanue omobpeHo Komwure-
oM 110 aTrKe PI'BOY BO «HoBocubupckuii rocyiap-
CTBEHHBIA MEIUITUHCKUN YHHUBEPCHUTET» (IIPOTOKOJI
N2 79 ot 19.11.2015). Bce 6osbHBIE TIPEIBAPUTEITH-
HO MOZIIUCHIBAIN T0OPOBOIbHOE HH(MOPMHUPOBAHHOE
coryiacyie Ha yJacTHe B Ucciie/loBaHuu. KitmHmyeckas
XapaKTepUCTHKA TPYIIbI 00IbHBIX PA mpesicTaBieHa
B TabI. 1.

Bcem mammeHTaM IpOBe/EHA OIEHKA YaCTOTHI
BCTPEYAEMOCTH TPAIUITIOHHBIX U ACCOITMUPOBAHHBIX
C BOCIINTEJIBHON aKTUBHOCTBIO (DAKTOPOB pHUCKA.
B kauecTBe CypporaTHoro Mapkepa aTepoCKJIepo3a
HCIIOJIb30BAJICA METO]T BBIABJIEHUS aTEPOCKIIEPOTH-
YeCcKOU OJIAIIKK C IMTOMOIIBIO TPUILIEKCHOTO CKaHU-
poBaHus (B B-perkrMe C I[BETOBBIM JIOTIJIEPOBCKUM
KapTUPOBAaHHEM WM HUMILYJIbCHO-BOJIHOBOM JOILIEPO-
rpadueii) OpaxuonedanbHbIx aprepuil. Hccmemo-
BaHUE BBITIOJHSJIOCHh Ha YJIBTPA3BYKOBOM allliapa-
te Vivid 7 Dimension (mpousBomutesnr — General
Electric). IIpuMeHsicsa JTMHEWHBIN TaTUUK C YaCTO-
Tol 7—12 MIm. [IpoBOAMIOCH M3MEPEHUE TOJIIIU-
HBI KoMILIekca naTuMa — Megua (KMM) o 3agHen
cTeHke o01mel conHol aprepun. ACB Bepuduiupo-
BaJIach NIPU HAJIMYUU JIOKAJIBHOTO yTosenus KM
6osee 1.5 mM. ITomumopdusmber MMP3 5A-1171 6A
(rs3025058), MMP9 C-1562T (rs3918242) omnpene-
JISUTA C TIOMOIIBI0 aHATU3A JJTUH PECTPUKITMOHHBIX
dparmenrtoB, a MMP2 C-1306T (rs2438650) — c uc-
nosib3oBaHueM Metozia [111P B peasibHOM BpeMeHH.

also shown, and in patients with hypertension with
T allele the risk of cardiovascular events was in-
creased. In general, according to the literature data,
T allele carriers show an increase in MMP9 expres-
sion [7].

AIM OF THE RESEARCH

To study the association of single-nucleotide
polymorphisms of promoter regions of MMP2,
MMP3 and MMP9 genes with cardiovascular risk
factors and carotid artery lesions in patients with
rheumatoid arthritis.

MATERIALS AND METHODS

The study involved 212 patients with rheu-
matoid arthritis. The diagnosis was based on the
1987 ACR and/or ACR/EULAR 2010 criteria. The
study was approved by the Ethics Committee of
the Novosibirsk State Medical University (Protocol
No. 79 from 19.11.2015). All patients previously
signed a voluntary informed consent to participate
in the study. The clinical characteristics of the group
of RA patients are presented in Table 1.

All patients were assessed the frequency of occur-
rence of traditional and associated with inflammatory
activity risk factors. As a surrogate marker of athero-
sclerosis, the method of detection of atherosclerotic
plaques using triplex scanning (in B-mode with color
Doppler mapping and pulse wave dopplerography) of
brachiocephalic arteries was used. The study was per-
formed on the ultrasound machine Vivid 7 Dimension
(manufacturer — “General Electric”). A linear sensor
with a frequency of 7-12 MHz was used. Intima — me-
dia complex (IMC) thickness was measured along the
posterior wall of the common carotid artery. AP was
verified in the presence of more than 1.5 mm local
IMC thickenings. Polymorphisms MMP3 5A-1171 6A
(rs3025058), MMP9 C-1562T (rs3918242) was deter-
mined by analysis of the lengths of restriction frag-
ments, and MMP2 C-1306T (rs2438650) — using the
PCR method of real-time.

Statistical processing of the data was carried out
using the program SPSS Statistics (version 20.0).
The nature of the distribution of features in the test
using a single-sample Kolmogorov — Smirnov test
in most cases did not correspond to the normal, and
therefore non-parametric methods of evaluation
were used for statistical processing of the data. Data
description is presented as median, 25" and 75"
quartile intervals. Statistical significance of inter-
group differences was assessed using Mann — Whit-
ney criteria for independent samples (for quantita-
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Ta6uuna 1. KiimHndeckas XapakTepHUCTUKA TPYIIITBI 00CIeyeMbIX OOJTBHBIX
Table 1. Clinical characteristics of the group of examined patients

IMapamerpsr / Characteristics

3uauenwue / Value

JKenmuusl / Women, n (%)
My:xuunsl / Men, n (%)

Bospacr, set / Age, years
Me [25-11; 75-11 nepuentuiau / 25%; 75 percentile]

Bospacr ne6iota PA, et / The age of the onset of RA, years

Me [25-11; 75-11 nepuentunu / 25%; 75 percentile]

JlutenbHOCTD 3a60s1eBanusa PA, siet / The RA disease duration, years

Me [25-11; 75-11 nepuentuiu / 25%; 75% percentile]

BospHBIE ¢ BHECYCTaBHBIMU TposiBieHusAMu PA / Patients with

extra-articular manifestations of RA, n (%)
PeBmarounnbie y3enku / Rheumatoid nodules, n (%)
CepormozutusHbie 110 P® / RF seropositive, n (%)

P®, Ex./mn | RF, U/ml

ITozurusubie o ALIIIT / ACCP positive, n (%)
AT, Ex./mon | ACCP, U/ml

AposusHbIl aptpurt / Erosive arthritis, n (%)

Cremenb aktTuBHOCTH 110 DAS28 / The degree of activity according to DAS28

Me [25-11; 75-11 nepuentuau / 25%; 75 percentile]:
pemuccus / remission (DAS28 < 2.6)
uuskas / low (2.6 < DAS28 < 3.2)
ymepenHas / medium (3.2 < DAS28 < 5.1)
BbIcokas / high (DAS28 > 5.1)

dyuknunoHaapHbIH Ki1ace (HAQ) / Functional class (HAQ),

Me [25-11; 75-11 nepuenTiu / 25%; 75™ percentile]

Pentrenosiornyeckas craaus / Radiological stage, n (%):
I
I
11
v

181 (85.4)
31(14.6)
58.0 [48.3; 65.0]

47.0 [33.0; 57.0]
7.0 [3.0; 15.0]
80 (37.7)

39 (18.4)

194 (91.5)

237.0 [50.0; 747.8]
191 (90. 1)

127.0 [38.1; 248.5]
184 (86.8)

4.96 [3.86; 5.85]

8(3.77)
14 (6.60)

100 (47.17)
90 (42.45)

1.28 [0.88; 2.00]

12 (5.7)

79 (37.3)
71(33.5)
50 (23.6)

Ilpumeuanue. PO — pesmaronsansiii pakrop; AIII[IT — aHTHTENA K UKIXYECKOMY [IUTPY/UTHHUPOBAHHOMY HENTU/LY.
Note. RF — rheumatoid factor; ACCP — cyclic citrullinated peptide antibodies.

Crarucruueckass o6paboTKa IMOJIyJEHHBIX JaH-
HBIX IIPOBO/IIJIACH C HCIIOJIb30BAaHUEM IIPOTPAMMBbI
SPSS Statistics (Bepcusi 20.0). XapakTep pacipesie-
JIeHUSI TIPU3HAKOB IIPU IIPOBEPKE € ITOMOIIBI0 O/THO-
BbIOOpOYHOTO KpuTepus KosmoropoBa — CMupHO-
Ba B OOJIBIIIMTHCTBE CJIyUaeB HE COOTBETCTBOBAJ HOP-
MaJIBHOMY, B CBSI3H C UeM JIJISI CTATUCTHIECKOH 0Opa-
GOTKH IOJIyJEeHHBIX JIAHHBIX HCIIOJIH30BAJIUCH Hela-
paMeTpHuUecKrie MeTobI OrleHKU. OIrcaHue TaHHbBIX
IIPE/ICTaBIEHO B BUZE MEIUAHbI, 25-TO U 75-TO KBap-
TWJIBHBIX UHTepBasoB. CTaTucTUUYeCcKas 3HAYUMOCTD
MEKTPYIIIIOBBIX OTJIMUUH OIEHUBAJIACH C ITOMOIIBIO
KkputepreB ManHa — YUTHHU UL HE3aBUCUMBIX BbI-
60pOK (VI KOJIMYECTBEHHBIX IEPEMEHHBIX), TECTa
%2 Ilupcona. Vcnosp30BaHa JIOTUCTUYECKAS MOJIEITH
CO CTaTHUCTHKOH BKJIIOUEHUA Basp/ia 11 oneHKY 3Ha-
YHUMOCTH BO37IelicTBHs (paKTOPOB Ha 3HaueHue Ou-
HapHOU nepeMeHHOH. Prck BO3HUKHOBeHUsI 3a001e-

tive variables), Pearson y?test. Logistic model with
the statistics of the Wald inclusion was used for as-
sessing the significance of effects of factors on the
value of the binary variable. The risk of the disease
was assessed based on the odds ratio (OR). Process-
ing of the results of the genotyping included the cal-
culation of frequencies of alleles and genotypes for
the studied polymorphic positions. The frequency
of genotypes was calculated by the f = n/N formula,
where fis the frequency of genotype in the group of
subjects, n is the number of observed genotypes in
this group, N is the total number of the group. The
frequency of genotypes was analyzed for compliance
with the Hardy — Weinberg equilibrium using the
online calculator (URL: https://wpcalc.com/en/
equilibrium-hardy-weinberg/) based on the calcula-
tion of %2 criterion. The significance level (p) of dif-
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BaHUsI OIIEHUBAJIM HAa OCHOBAHWY OTHOIIEHUS IIAH-
coB (OIII). O6paboTka pe3ybTaTOB T€HOTHIIMPOBA-
HUsI BKJIIOUAJIa PACUET YaCTOT ajUIeJiell U T€HOTHUIIOB
JUIST UCCIIEyeMbIX TTOTUMOPGHBIX MO3ULIUN. Beruuc-
JIEHUE YaCTOThI BCTPEUYAEMOCTH T€HOTUIIOB ITPOU3BO-
Jtock o gopmyte f = n/N, The f — yactoTa BCTpe-
YaeMOCTH T€HOTHIIA B IPyIIIe 06CIeTlyeMbIX, N1 — KO-
JINYECTBO HabJII0/Ia€MBIX T€HOTHUIIOB B 3TOU TPYIIIIE,
N — obmuas 9uC/IeHHOCTD TPYIIbL. YacTOThl TeHOTH-
[TOB aHAJIM3UPOBAJIUCH HA COOTBETCTBUE 3aKOHY Xap-
i1 — BaliHOepra ¢ ucrnosIb30BaHUEM OHJIAWH KAJTbKY-
astopa (URL: https://wpcalc.com/en/equilibrium-
hardy-weinberg/), ocHoBaHHOrO Ha pacuere KpH-
TEpUA XU-KB3J[paT. BrrumciieHne 3HaUYeHUs YPOBHA
3HAYUMOCTH (p) pa3Inuuii HabJII0TaeMbIX U OXKUae-
MBIX YaCTOT T€HOTHUIIOB OCYIIECTBIISIIOCH TAKIKE C I10-
MoIpio ortaiiH kanmbkyssaTopa (URL: https://www.
graphpad.com/quickcales/pValue1/). Yucno creme-
Hel cBOOOJIbI PACCUUTHIBATIOCH, UCXO/IS U3 PA3HOCTH
YHCEJIa TEHOTUIIOB U aJleJled U COOTBETCTBOBAJIO 1

(df=3-2=1).

PE3YJ/IBTATBI 1 OBCYXK/IEHUNE

IIpoBepka pacnpeneneHusa UCCIEAYEMBIX T€HO-
THUIIOB HAa COOTBETCTBUE PaBHOBecHIo Xapau — BaiiH-
Oepra (Taby. 2) MTPOAEMOHCTPHUPOBATIO OTKJIOHE-

ferences between observed and expected genotype
frequencies was also calculated using an online cal-
culator (URL: https://www.graphpad.com/quick-
cales/pValue1/). The number of degrees of freedom
was calculated based on the difference between the
number of genotypes and alleles and corresponded
to1(df=3-2=1).

RESULTS AND DISCUSSION

Checking the distribution of the studied geno-
types for compliance with the Hardy — Weinberg
equilibrium (Table 2) demonstrated deviation for
polymorphic position MMP2 C-1306T (y2 = 7.637;
p = 0.006), which may indicate the presence of
disease-related selection. The differences in the
frequency of occurrence of genotypes of the MMP2
and MMP3 in RA patients compared to healthy were
shown previously [9]. The greatest allele polymor-
phism was observed for another position — MMP3
5A-1171 6A, where the observed heterozygosity was
0.4528.

The RA onset age in heterozygotes with geno-
type MMP2 -1306CT was less than in homozygotes,
and was 43 years [29; 54] against 48 years [35; 58]
(p = 0.026), while they were more common rheu-

TaGauna 2. IIpoBepka pacnpesiesieHusi TeHOTHIIOB MATPUKCHBIX METAJUIONMPOTENHA3 HA paBHOBecHe Xapu — Baiin6ep-

ra y 60JIbHBIX PEBMATOUHBIM aPTPUTOM

Table 2. Check of distribution of matrix metalloproteinases genotypes on Hardy — Weinberg equilibrium in patients with

rheumatoid arthritis

IMomumopdHseie no3unuu / Polymorphic positions N.O. N.E. Pgen Hobs Hexp X2 p
MMP2 C-1306T C 309 — 0.7322 — — — —
(N'=211) T 13— 0.2678 — — — —
cc 121 113.13 — 0.5735 0.5362 7.637%  0.006
cT 67 82.74 — 0.3175 0.3921 7.637%  0.006
T 23 15.13 — 0.1090 0.0717 7.637%  0.006
MMP3 5A-1171 6A 5A 220 — 0.5189 — — — —
(N'=212) 6A 204 — 0.4811 — — — —
5A5A 62 57.08 — 0.2925 0.2692 1.836 0.175
5A6A 96 105.85 — 0.4528 0.4993 1.836 0.175
6A6A 54 49.08 — 0.2547 0.2315 1.836 0.175
MMP9 C-1562T C 355 — 0.8373 — — —
(N =212) T 69 — 0.1627 — — —
cC 150 148.61 — 0.7076 0.7010 0.488 0.485
CcT 55 57.77 — 0.2594 0.2725 0.488 0.485
T 7 5.61 — 0.0330 0.0265 0.488 0.485

IIpumeuanus: N.O.u N.E. — Habaomaemas 1 oxkujjaemMasi YiCJIeHHOCTA T€HOTUIIOB; Pgen — yacToTra aJuteJIbHOrO BApUAHTa TeHa B
nossx eauuunsl; Hobs 1 Hexp — HaGmioaeMas u 0KujaeMasi 4acTOThI TEHOTHUIIOB; *P < 0.01.
Notes: N.O.andN.E. — observed and expected number of genotypes; Pgen — frequency of allelic variant of gene in fractions of one; Hobs

and Hexp — observed and expected frequency of genotypes; *p < 0.01.
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Hue 11 nonuMopdHou mozuruu MMP2 C-1306T
(2=7.637; p = 0.006), YTO MOKET CBU/IETEILCTBOBATD
0 HJIMYUHU 0TOOPA, CBSA3aHHOTO ¢ 3a00JieBaHueM. Pa-
Hee OBLIN MMOKa3aHbI Pa3/IMYUs B YACTOTE BCTpeYa-
emoctd TeHOTUIIOB MMP2 u MMP3 y 6oibHBIX PA
10 CpPaBHEHHWIO CO 370poBbIMU [9]. Haubosbiiui
JIETBPHBIA TOJTUMOPGU3M OTMEYICA JJISL IPYTOH
nosunuu — MMP3 5A-1171 6A, tjie Hab1i01aeMast re-
TEPO3UTOTHOCTH COCTAaBUIIA 0.4528.

Bospacr gebiora PA y rerepo3uror ¢ reHOTH-
oM MMP2 -1306CT 6bUT MeHBIIIE, YeM Yy TOMO3HU-
TOT, U COCTaBUJI 43 rozaa [29; 54] mpotus 48 et
[35; 58] (p = 0.026), Ipu 3TOM y HHX Yalle BCTPe-
Yayiuch peBMarouaHble y3enaku (y 18 (26.9 %) uer.
npotuB 21 (14.6 %), p = 0.032). Tomo3urotsr MMP2
-1306TT ¢ PA 6putu crapiie mo Bospacry (64 roza
[55; 70] nporus 57 Jet [48; 65], p = 0.042), nume-
1 6oJiee BBICOKME 3HAUEHHUs OOIIEro X0JIiecTeprHa
(5.53 MmMosb/71 [5.08; 6.26] IPOTUB 4.97 MMOJIb/JI
[4.22; 5.69], p = 0.007), X0JIeCTepHUHA JIUTIOIPOTEH-
HOB HU3KOH IJIOTHOCTHU (3.63 MMOJIb/ 7 [3.06; 4.08]
MPOTHUB 3.05 MMOJIb/JI [2.41; 3.77], p = 0.019), CKO-
pocCTH OcelaHus SPUTPOITUTOB (35 MM/ 4 [27.0; 45.0]
MPOTHUB 27.5 MM/4 [16.5; 43.0], p = 0.047), 4eM HO-
curesu ayuiens C.

VY 6ospHBIX PA ¢ pasjuYHBIMH T€HOTHUIIAMU
MMP3 5A-1171 6A GBUIH OTJIMYHS 110 BO3PACTY Jie-
6rora 3aboseBanus (MMP3 -1171 5A5A — 50.5 roga
[39.0; 60.0], MMP3 -1171 5A6A — 44.5 roja [33.0;
56.5], MMP3 -1171 6A6A — 46.5 roga [26.0; 55.0],
P = 0.040). Bosyiee 3HauMMBIe paz3inausa OBLIU BbI-
SIBJIEHBI y TIAI[ME€HTOB 0e3 MHCEepIHUH A C TeHOTH-
oM MMP3 -1171 5A5A: 110 Bo3pacty ebora PA oHun
ObUTH cTapllle, U pas3jaudre Oosiee 3HAYUMO (50.5
rozia [39.0; 60.0] mpotuB 45.0 roaa [31.0; 55.0],
p = 0.012), IPU 3TOM BHECYCTaBHbIE MIPOSBIEHUS Y
HUX BCTPeYasuch B 27.4 % ciiydaeB IIDOTUB 42.0 % B
OIIIO3UTHOM rpy1ie (p = 0.046). B uactHOCTH, pEB-
MaTOHIHbIE Y3eJIKU ObLIU BHISIBJIEHBI Y 6 (9.7 %)
601pHBIX TPOTUB 33 (22.0 %) (p = 0.035). Y 60J1b-
HbIXx PA c reHotunom MMP3 -1171 6A6A pexe
BCTpevaiach apTepuaabHas rutiepTonus (y 27 (50 %)
MPOTHUB 105 (66.5 %), p = 0.031), IPUYEM CPEITU STUX
manueHToB 66110 60bIIe My>KunH (13 (24.1 %) mpo-
B 18 (11.4 %), p = 0.023). Takum 06pazom, y maru-
€HTOB ¢ WHCEpIHEN OTMeYasiach JBOMCTBEHHAs CH-
TyaInusi: ¢ OJTHOH CTOPOHBI, Bo3pacT AeboTra PA 661
MeHbIIle, OOJIbIIIE YAaCTOTAa BHECYCTABHBIX MPOSIBJIE-
HUH, ¢ APYTOol — peske BcTpeuaeMocTs Al

IMoparkeHre KapOTUAHBIX apTEPUil B Bujie GHop-
MUPOBAHUS ATEPOCKIEPOTUUYECKOHN OJIAMIKYA OBLIO
BBISIBJIEHO YV 59 00JIbHBIX (27.8 %). Yaie oHO 0OHa-
pyKHUBajoch y My»kuuH ()2 = 10.23; p = 0.001) U B
OCHOBHOM OBLJIO CBSI3aHO C BO3PAacTOM — MeJuaHa

matoid nodules (18 (26.9 %) against 21 (14.6 %),
p = 0.032). MMP2 -1306TT homozygotes with RA
were older in age (64 years [55; 70] vs. 57 years [48;
65], p = 0.042), had higher values of total cholester-
ol (5.53 mmol/l [5.08; 6.26] vs. 4.97 mmol/] [4.22;
5.69], p = 0.007), low density lipoprotein cholester-
ol (3.63 mmol/l [3.06; 4.08] vs. 3.05 mmol/] [2.41;
3.77], p = 0.019), erythrocyte sedimentation rate
(35 mm/h [27.0; 45.0] vs. 27.5 mm/h [16.5; 43.0],
P = 0.047), than allele C carriers.

In RA patients with different MMP3 5A-1171 6A
genotypes there were differences in age of disease
onset (MMP3 -1171 5A5A — 50.5 years [39.0; 60.0],
MMP3 -1171 5A6A — 44.5 years [33.0; 56.5], MMP3
-1171 6A6A — 46.5 years [26.0; 55.0], p = 0.040).
More significant differences were found in patients
without A insertion with the MMP3 -1171 5A5A
genotype: they were older in age of the onset of RA
and the difference was more significant (50.5 years
[39.0; 60.0] vs. 45.0 years [31.0; 55.0], p = 0.012),
while extra-articular manifestations were found in
27.4 % of cases against 42.0 % in the opposition
group (p = 0.046). In particular, rheumatoid nod-
ules were found in 6 (9.7 %) patients vs. 33 (22.0 %)
(p = 0.035). In RA patients with the genotype MMP3
-1171 6A6A, arterial hypertension was less common
(27 (50 %) vs. 105 (66.5 %), p = 0.031), and among
these patients there were more men (13 (24.1 %) vs.
18 (11.4 %), p = 0.023). Thus, in patients with in-
sertion there was a dual situation: on the one hand,
the age of the onset of RA was less, the frequency
of extra-articular manifestations was more, on the
other — the incidence of hypertension was less.

The lesions of the carotid arteries in the forma-
tion of atherosclerotic plaques were detected in 59
patients (27.8 %). It was found more often in men
(%? = 10.23; p = 0.001) and was mainly associated
with age — the median age of patients with the pres-
ence of AP was significantly higher than in patients
without AP (66 years [59; 73] vs. 55 years [42; 61],
P < 0.001).

The greatest association with the presence of AP
was shown by polymorphism of MMP-9 gene at the
point -1562 (Table 3). AP were detected in 42 (28.0 %)
patients with CC genotype, 12 (21.8 %) carriers
of CT genotype, 5 (71.4 %) carriers of TT genotype
(p = 0.022). Interestingly, all 5 plaques in TT geno-
type carriers formed stenosis of different severity.
With the additional inclusion of gender and age in
the logistics model, these differences have retained
their importance. Thus, after correction by sex and
age, a significant association of the MMP9 -1562TT
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Ta6umuna 3. BcrpeuaeMocTh aTepoCKIeEpOTHYECKOH OJIANIKY Y G0JIBHBIX PEBMATON/IHBIM aPTPUTOM C Pa3IMIHBIMU I'eHO-

tunamu MMP2, MMP3 u MMP9

Table 3. Occurrence of atherosclerotic plaque in patients with rheumatoid arthritis with different genotypes MMP2,

MMP3 u MMP9

IMosmmopduble mosummu / Polymor-

OrcyrerBue ACB / The lack of AP

Hanmune ACB / The presence of AP

phic positions n % n % p
MMP2 C-1306T cC 89 58.6 32 54.2 0.074
(N=21m) CcT 51 33.6 16 27.1 0.074

T 12 7.9 11 18.6 0.074
MMP3 5A-1171 6A 5A5A 42 27.5 20 33.9 0.65
(N=212) 54A6A 71 46.4 25 42.4 0.65

6A6A 40 26.1 14 23.7 0.65
MMP9g C-1562T cC 108 70.6 42 71.2 0.022*
(N =212) CcT 43 28.1 12 20.3 0.022%*

T 2 1.3 5 8.5 0.022%*

*p < 0.05.

Bo3pacrta 601pHbIX ¢ HasnuneM ACB 6pLy1a 3HAYNMO
OoJipire, yeMm y 60bHBIX 0e3 ACB (66 set [59; 73]
MIPOTUB 55 JIET [42; 61], p < 0.001).

Hawubospiiyto acconuanuio ¢ Hammunem ACBH
mokazas mostuMopdusm resa MMP-9 B Touke -1562
(Tab1. 3). AB BRIABISIIUCH V 42 (28.0 %) OOJIBHBIX C
redotunioM CC, y 12 (21.8 %) HocuTesiell TeHOTHIIA
CT,y 5 (71.4 %) Hocureneti renotuna 1T (p = 0.022).
HHTEepecHO, UTO Bce 5 OJIAIIEK Yy HOCHTEJIEH TeHO-
tina 1T chopMUPOBaIIM CTEHO3 PA3JIMYHOU CTere-
HU BBIpQKEHHOCTH. [IpU JOTOSTHUTETHLHOM BKJIIO-
YEeHHWH T10JIa U BO3PACTa B JIOTHUCTUYECKYIO) MOJIETH
VKa3aHHbIE OTJIMYUSA COXPAHWINA CBOK 3HAYHMMOCTD.
Tak, mocsie KOppEKIHY 110 ITOJTy ¥ BO3PACTy BbIsBIIE-
Ha 3HaYuMas accoruanusa renotuna MMP9 -1562TT
¢ sasmurem ACB (OIII 8.52; 95% AU 1.31-55.49;
P = 0.025). ATU JJaHHbBIE COTJIACYIOTCS C UCCIIEN0Ba-
HUAMH, J€MOHCTPUPYIOIIUMHU aCCOIUAIUI0 TIOJTH-
Mopdu3Ma B yKa3aHHOU TOUKE C yBEJIMIEHUEM YPOB-
HST aPTEPUATHLHOTO JIABJIEHUS U ITPEPACIIOIOKEHHO-
CTBIO K pa3BUTHIO HecTabmiabHOCTH ACH mpu HaIH-
YHU MyTaHTHOTO asuiens T [10].

l'enotunn MMP2 -1306TT Berpeuasics y 18.6 %
6osbHBIX ¢ ACB B cpaBHEHHU C 7.9 % OOJIBHBIX 0e3
ACB (p = 0.025). [Tocie KOPPEKIUHU IO BO3PACTy U
IOJTy JAHHBIE Pa3INYH HUBEJIMPOBAIUCH (P = 0.14).

He mpomeMOHCTpUPOBAHO B3aUMOCBSA3H MEXK-
Jly HaJlnumeM uHcepuuu A B Touke -1171 reHa MMP3
1 yacToTou Bcrpeuaemoctu ACB. 9Tu naHHbIE HE CO-
IJIACYIOTCSI C IPYTUMHM HccieloBaHuAMY [8], B KOTO-
PBIX ITOKa3aHa accoIUaIusa KapOTUTHOTO aTePOCKe-
p03a C TEHOTUIIOM 5A5A Y My KUHH. TO MOXKET OBITh
CBSI3aHO C TeM, uTO PA G0JIEI0T MpenMyIIeCTBEHHOH
JKEHIIIUHBI, a BBIOOpKA MYKYWH HEJOCTATOYHA II0

genotype with the presence of AP was revealed (OR
8.52; 95 % CI 1.31-55.49; p = 0.025). These data are
consistent with studies demonstrating the associa-
tion of polymorphism at this point with an increase
in blood pressure and a predisposition to the devel-
opment of AP instability in the presence of a mutant
T allele [10].

MMP2 -1306TT genotype met in 18.6 % of pa-
tients with AP in comparison with 7.9 % of patients
without AP (p = 0.025). After correction by age and
sex, these differences were leveled (p = 0.14).

The relationship between the presence of A in-
sertion at -1171 point of the MMP3 gene and the fre-
quency of occurrence of AP was not demonstrated.
These data are not consistent with other studies [8],
which show association of carotid atherosclerosis
with 5A5A genotype in men. This may be due to the
fact that the majority of RA patients are women, and
the sample of men is insufficient in terms of volume
to obtain statistically significant differences.

CONCLUSION

The revealed associations of different polymor-
phic regions of MMP2 and MMP9 genes with the
development of carotid artery atherosclerosis and a
number of cardiovascular risk factors indicate their
possible impact on the frequency of cardiovascular
diseases, which can be used for personification of
both preventive and therapeutic measures to reduce
mortality in patients with rheumatoid arthritis.
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00beMy 7T TOJyYEHUS CTATHCTUYECKH 3HAYUMBIX
pasIuunm.

3AK/IIOUYEHUE

BoiABiIeHHBIE acCOIMAIIUM Pa3JIMYHBIX IIOJIU-
MOpdHBIX yuacTKoB reHoB MMP2 u MMP9 ¢ pa3s-
BUTHEM aTEPOCKJIEPO3a KAPOTUHBIX aPTEPUH U ps-
JIoM (PaKTOPOB CePAeYHO-COCYIUCTOTO PUCKA CBU/Ie-
TeJICTBYIOT 00 MX BO3MOKHOM BJIMSTHUH HA YacTo-
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CBEAEHHNA Ob ABTOPAX

OmenpueHko Burtanmii OJieroBu4 — Bpady-peBMa-
TOJIOT, Bpad-TepamneBT, MJIAJIINN HAyIHBIH COTPY/-
HUK JIa00PATOPHH MATOJIOTHH COEUHUTETFHOHN TKAaHH,
HWU xinuHUYecKol U SKCIepruMeHTaIbHOH tuMdoso-
run — ¢unuana OTBHY «®enepanbHbIi HCCIe0BaA-
TeJIbCKUH 1eHTp MHCTUTYT nutosioruu u renetuku CO
PAH» (HoBocuOHpCK).

Ty CepP/IeUHO-COCYAUCTBIX COOBITHH, YTO MOKET OBITH
HCIIOJIB30BAHO JJIf MEePCOHUMUKAINN KaK Mpodu-
JIAKTUYECKUX, TaK U JIeUeOHBIX MEPOIPUITHN IJId
CHIDKEHUS CMEPTHOCTH y OOJIBHBIX PEBMATOUTHBIM
apTPUTOM.

KoHndIuKT nHTEpECOB. ABTOPHI 3a5BJISIOT 00
OTCYTCTBUU KOH(JINKTA HHTEPECOB.
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