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Pesome. AptepuasibHas runepreHsust (Al) sBIsieTcss caMbIM PacpOCTPAaHEHHBIM BO3PAaCT-acCOLMUPO-
BaHHBIM 3a00JIeBaHUEM CpeIu TPYAOoCIocoOHOoro HacejieHus. [loauatuonorudyHoctb AI' AUKTYeT HEOOXO-
JTUMOCTb 00Jiee TIIATeJIbHOIO OTpEeNeJeHUSI U U3YYeHUS €€ MPEAUKTOPOB TS TIOHMMAaHUS POJIM BHEUTHUX
BO3MIEMCTBUIA, a TAKXKE YCTAHOBJIEHUS HACJIEICTBEHHBIX NOIUMOP(GU3MOB Ha paHHUX dTalax C 1IeJbl0 orpa-
HUYEHUS UX pean3aluuu. B HaydHbIX 0030pax oOCyKIaeTcs BakHask pojb aHOMAJIBHOTO PEMOJICTUPOBAHUS
COCYJIOB B aTOT€HE3€ Pa3BUTHUS apTepUabHOW TunepTeH3un. [IpuunHO TaKux MepecTpoeK SIBIASIETCS pe-
OpraHu3alysl BHEKJIETOYHOIO MaTpuKca MOCPEACTBOM pabOThl MAaTPUKCHBIX MeTajnonporeuHas (MMP),
MPEACTABJISIONINX COOOI IIUMHK-3aBUCUMBIE (PepMEHTHI C IIIUPOKOI cyOCcTpaTHON crienndpuyHocThio. Kpome
ToTrO, Oosiee ueM B 70% ciryuaeB Al coueTaeTcsl ¢ HapyIISeHUSIMU JTATTMIHOTO OOMEHa, B TOM YHCJIC TTOBBIIIIE-
HUEM YPOBHS XOJIeCTEpUHA. DT MEXaHU3MbI 00SI3bIBAIOT YYUTHIBATh UX MTPU OLIEHKE (PaKTOPOB pHCKa pa3BU-
TUS KapAUOBACKYJISIPHBIX KaTacTpod. B 0030pHBIX UCTOYHUKAX HEAOCTATOYHO OIMUChIBaeTcs poib MMP-2
n KomiuiekcoB MMP-9/TIMP-1, MMP-2/TIMP-2 B mmatoreHe3e pecTpyKTypU3alluM COCYIOB. B crtathe
MpPEACTaBJIEHbI PE3YJbTaThl UCCAECIOBAHUS CUCTEMbI POTEOJIUTUYECKUX (DEPMEHTOB U YPOBHS OOIIEro XO-
nectepuHa y 110 mpakTuuecku 310poBbIX Jtoaei u 90 ntoneli ¢ apTepuaibHOM TUIIEPTEH3UEN B BO3pacTe OT
18 mo 74 nmet. YpoBHu MMP-2, komminekcoB MMP-9/TIMP-1, MMP-2/TIMP-2 B cbIBOPOTKE KPOBU UC-
cJIeOBAJIM METOJIOM CEHABUY-BapuaHTa TBepaoda3HOro UMMYyHOMEPMEHTHOTO aHanu3a. CTaTUCTUYECKYIO
00pabOTKy MOJYYEHHBIX JAHHBIX MPOBOAWIN C MTOMOIIBIO aHATUTUYECKOTO MPOrpaMMHOTO OoOecreuyeHus
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IBM SPSS Statistics, v. 22.0.1. BrIsiBjieHO, 4TO TpyIIiax XEHIIWH, HE3aBUCUMO OT HAJIUYUS UJIU OTCYTCTBUS
MaTOJOTUY YPOBEHb OOIIIETO XOJIECTEpUHA BhIIIIE B CPABHEHUN C MYXCKOW IpyTmnoii oocienyeMbIx. 3HaUeHUS
MMP-2 06111 HU3KUMU KaK B OO1EH rpyIire NMpakTUIYeCcKy 310POBBIX JIIOAEH HE3aBUCHUMO OT T10J1a, Tak 1 B
rpynne MmyxxuuH ¢ Al TIpoteonutrndeckass aktuBHOCTb MMP-2 B Gosibliieii CTeneHU NPOSIBIISIET CBOIO IIU-
POKYIO CyOCTpaTHYIO aKTUBHOCTbD B IpyIINe XXeHIrH ¢ Al. B rpyrimne npakTuiaecku 3I0POBBIX MY>KUMH U KEH-
LIMH 3apUKCUPOBaHbI 00JIee HU3KKUE YPOBHU MCCIIENYEMbIX KOMITJIEKCOB MAaTPUKCHBIX METAJIJIONPOTEUHA3 U
MX TKAaHEBBIX THTUOUTOPOB. [IrcbanaHc B CUCTEME TTPOTEOJIN3/aHTUITPOTE0 N3 HAOII01aeTCsT KaK B TPYTITe
keHIuH ¢ AT, rne 6oJiee BBIpaKeHO BIAMSIHAE Ha MUTPALIUIO, Tpoindepalinio U aronTo3 TIagKOMbBIIIEYHbBIX,
SHAOTEIUAIBHBIX U BOCTATUTEbHBIX KJIETOK, OMpPeAeIsiolnX ()OpMHUPOBAHNE UHTUMBI U apTEPUATbHOE pe-
MOJIeJIMPOBAaHME, TaK U B TpyMIie My>X4unH ¢ AT, rie mpeBayimpyeT pemMoaeupyoinii pakTtop, BAUSIOMNI Ha
PUTUIHOCTH CTEHKH COCYIOB.

Karouesuie crosa: MampuKcHble memannionpomeuHassl, 603pacn, npaKkmuveckKku 360p06bl€ JHCeHULUHbL, cucmema npomeoausa,
XonecmepuH, apmepuanbHasi cunepmenH3usl

CONTENTS OF MATRIX METALLOPROTEINASE TYPE 2
(MMP-2) AND COMPLEXES MMP-9/TIMP-1, MMP-2/TIMP-2,
AND TOTAL CHOLESTEROL IN PRACTICALLY HEALTHY
PEOPLE AND PATIENTS WITH HYPERTENSION

Chepurnova N.S.?, Knysh S.V.2 Yushchuk V.N.2 Markelova E.V.2,
Sanatsky K.R.2, Yushchenko A.N.?, Yermolitskaya M.Z.

@ Pacific State Medical University, Vladivostok, Russian Federation
b Institute of Automation and Control Processes, Far Eastern Branch, Russian Academy of Sciences, Viadivostok,
Russian Federation

Abstract. Arterial hypertension (AH) is the most common age-associated disease among the working
population. Polyetiology of AH requires a more thorough definition and study of its predictors aiming for
understanding the role of external influences, as well as detection of genetic polymorphisms at early stages,
in order to limit their implementation. The scientific reviews discuss the important role of abnormal vascular
remodeling in the pathogenesis of hypertension. The main factor of such alterations is the rearrangement
of extracellular matrix due to matrix metalloproteinases (MMP), the zinc-dependent enzymes with a wide
substrate specificity. In addition, in more than 70% of cases, AH is combined with lipid metabolism disorders,
including an increase in cholesterol levels. These mechanisms should be taken into account when assessing risk
factors for development of cardiovascular accidents. The role of MMP-2 and the complexes MMP-9/TIMP-1,
MMP-2/TIMP-2 in pathogenesis of vascular restructuring is insufficiently described in the review articles.
The article presents our results of studying the system of proteolytic enzymes and the level of total cholesterol
in 110 practically healthy people and 90 persons with AH aged 18 to 74 years old. The levels of MMP-2,
MMP-9/TIMP-1, MMP-2/TIMP-2 complexes in blood serum were studied by the sandwich variant of
ELISA technique. Statistical processing of the obtained data was carried out using the analytical software IBM
SPSS Statistics, v. 22.0.1. It was found that in the groups of women, regardless of the presence, or absence
of pathology, the level of total cholesterol is higher if compared with male subjects. MMP-2 values were low
both in the general group of practically healthy people, regardless of gender, and in the group of men with
hypertension. Proteolytic activity of MMP-2 shows a broader substrate activity in women with hypertension.
In the group of practically healthy men and women, we have registered lower levels of the studied MMP
complexes and their tissue inhibitors. An imbalance in the proteolysis/antiproteolysis system is observed both
in the group of hypertensive women with more pronounced effects upon migration, proliferation and apoptosis
of smooth muscle cells, endothelial and inflammatory cells, thus determining formation of intima and arterial
remodeling, as well as in the group of men with hypertension with predominance of remodeling factors that
affects the rigidity of vascular wall.

Keywords: matrix metalloproteinases, age, practically healthy women, proteolysis system, cholesterol, arterial hypertension
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MMP, TIMP, xonecmepun y atooeii
MMP, TIMP, and cholesterol in humans

BBeneHue

Hay4HbIM cOO011IeCTBOM IMTPU3HAETCS BaxKHEMIIIAST
POJIb COCYIMCTON MTUCHYHKIINU U PEMOACTNPOBAHMS
COCYIIOB B Pa3BUTUM apTePUAILHOM TUIIEPTCH3UM.
3aduKCUpOBaHbl  J0Ka3aTeJbCTBA KPUTUYECKON
POJIU TIOBBILLIEHUST SKCOPECCUU U aKTUBHOCTU MMP
B cocymax, 4TO IIPMBOIUT K aHOMAJIbHOI Aerpama-
UM KOMIIOHEHTOB BHEKJIETOYHOIO MaTpukKca, pe-
HENTOPOB, MENTUIOB W BHYTPHUKICTOUHBIX OEJIKOB,
YYaCTBYIOIINX B PETYISILUIUN (GYHKINHU U CTPYKTYPHI
cocynoB [1, 6, 7]. HecbanancupoBaHHast aKTUBHOCTb
MMP B cocynax cnocoOCTBYET UX CYXKEHUIO U YXYI-
1I1aeT Ba3oAuIaTaluio, CTUMYJIUPYS KJIIETKU MaaKoni
MYCKYJaTyphl COCYIOB II€PEKITFOYAThCS C COKpaTU-
TEJIbHOIO Ha CUHTETUUYECKUI (DEHOTHUII, TEM CaMbIM
obJjreryas poCT M/WJIM MUTPALIMIO KJIETOK, YTO CO-
MNPsKEHO C HapyIIEHUEeM CTPYKTYPhl BHEKJICTOUHOTO
matpukca [4, 7]. B ntuteparype nipeactaBiaeHbI JIUIIb
OTIeJIbHbIE padOThl, Kacawlliecs B3aUMOCBSI3U
MapkepoB Al 1 BBIpaXX€HHOCTU MPOLIECCOB PeMOJe-
JIMPOBaHMSsI, a UCCICIOBAaHUS, TIOCBSIIIICHHBIC OLICH-
K€ BBIIIEYKa3aHHbBIX ITOKa3zaTejJeil y MpakKTUYeCKU
300POBBIX JTIOIEH, C TMHUIHEI.

Ilens uncciaemoBaHusi — TPOBECTH CPaBHUTEIIb-
HBIIl aHaJIU3 HEKOTOPBIX KOMITIOHEHTOB CHCTEMBbI
MeTaJIJIONPOTEeMHAa3 U YPOBHS OOILLEro xoJecTepuHa
y TIpaKTUYECKM 3MOPOBBIX JIFOACH 1 JTI0MICH ¢ apTepH-
AJIbHOM TMIIEPTECH3UECHA.

Marepuans! v MeToapb!

MarepuanaoM Ijist UCCIISTOBAHMS TTOCTYKIIA ChI-
BOpoTKa KpoBu 110 mpakTUYeCKM 3I0POBBIX KEH-
IIIMH U MY>XYMH, a Takke 90 XXKeHIIMH U MYXXYUH C
apTrepuajbHOIl rurnepreHsuein. YpoBHu MMP-2,
komruiekcoB MMP-9/TIMP-1, MMP-2/TIMP-2 n
00I1Iero XoJeCTeprHa B ChIBOPOTKE KPOBU HCCIIECI0-
BaJIi METOJIOM CEHIBUY-BapuaHTa TBepmoda3zHOro
UMMYHO(DEpPMEHTHOTO aHajanu3a, ydeT pe3yIbTaToB
OPOU3BOAMIN C TIOMOIIBIO HUMMYHO(hEPMEHTHOTO
aHanu3atopa Multiscan (PunnsHous). Pacyer Ko-
muaectBa MMP-2, kommiiekcoB MMP-9/TIMP-1,
MMP-2/TIMP-2 u o6uiero xojiecTeprHa IIPOBO-
WY TTyTeM MOCTPOEHUS KaJTuOPOBOYHOM KPUBOI C
TMOMOIIBIO KOMITBIOTEPHOI MPOrpaMMBbl, PE3yJIBTaThI
TIpPeICTaBUIN B HI/MJI 1 MMOJIb/JI COOTBETCTBEHHO.
CTaTuCTUYECKYI0 00pabOTKY ITOIYUYEeHHBIX JaHHBIX
MPOBOAWJIM C TIOMOIIBIO AHAJIUTUYECKOTO TIPO-
rpamMmHoro obdecnieueHust IBM SPSS Statistics, 22.0.
st BBISIBJICHUSI B3aMMOCBSI3M MEXKIY IepeMEHHBI-
MU OB MCIIOJb30BaH KOA(M@MUIIMEHT KOpPEasLun
panros CniupMeHa.

Pe3synbTaTthl 1 0BCyXaeHNe

HpI/I HNCCICOJOBAaHNM YPOBHA obuIero xoJiecre-
PHHA B TIPYIIC IIPAKTUYCCKM 3A0POBbLIX KCHIIWH

1 XeHIIMH ¢ Al' BBIsIBJI€HBI O00JIee BBICOKME 3Ha4de-
HUS B CPaBHCHUM C ITOKA3aTeJISIMU TPYMITBI IIpaK-
TUYEeCKNU 3M0poBbIX MyxXuuH (p < 0,05, Taodm. 1).
I1nexoBa H.I. u coaBt. (2019) 3HaUMMBIX pa3IUYMi
B ypoBHe oOiiero xoyiectepuHa (OX) mexmy o0-
cJIeqyeMbIMH JIMIIAMHW C HOPMaJIbHBIM AaBJICHUEM U
auuamMu ¢ HaauyueMm AL He oOHapyxxuau [5]. Ypo-
BeHb MM P-2 Takoke ObLT BbIIIIE B TPYMIIaX XEHIIWH,
OIHAKO caMbI€ BBICOKME ITOKa3aTean 3a(puKCUpOBa-
HBI B TpyIIie XXeHIIUH ¢ A, B To BpeMsI KaKk B 00eux
MCCIeIyeMbIX TpyMIax My>KUYuMH 3HayeHus MMP-2
MeXay coO00 1OCTOBEPHO HE OTanYaIrCh. [Toxoxkas
TeHJIEHIIMS OblJIa OTMEUEeHAa MPU OIpeneIeHUN KOM-
miekca MMP-9/TIMP-1: B rpynnax XeHIIWH 0e3
natojiorud U ¢ AI' oTMedeHbl 6ojiee BBICOKME 3Ha-
YEeHUsI, MEeXIY TpyNIaMuy JOCTOBEPHBIX pa3inynil He
BBISIBJICHO. 3HadyeHUs1 Komruiekca MMP-9/TIMP-1
y My>X4MH ObUTH n1octoBepHO HUXe (p < 0,05). e-
rpaganus W peopraHU3alldsl BHEKJICTOYHOIO Ma-
TPUKCa COCYIUCTOM CTEHKM OCYIIECTBIISIIOTCS IO
BIUSIHUMEM B ToM uucjie MMP tumna 9, B nzoouwiuun
MPENCTABICHHON B apTEPUATIBHOM COCYIMCTOM CETHU.
JlutBuHoBa M.C. u coaBT. (2022) npu U3y4eHUU aK-
TuBHOCTU MMP y nunt ¢ ATl' 3adpukcupoBanu moBbi-
meHue yposHss MMP-9 B rpynmnax ¢ KOHTpoJiMpye-
MOI M HEKOHTpOJUpyeMoii pe3ucteHTHOI Al D10
MOXKET TIPUBOAUTH K KOMIIEHCATOPHOI aKTHBAalIUU
TIMP-1 [2]. B HeKOTOpbIX UCCAEAOBAHUSIX COOO-
11aJI0Ch, YTO MOBBILIeHHOe coaepxXaHue TIMP-1
OBIJI0 aCCOLIMMPOBAHO C ITOBBIMICHHON YacTOTOM
TUTIEPTEH3UU U PUCKOM TiporpeccupoBanusa Al [8].
JlutBuHoBa M.C. u coaBt. (2022) BBISIBIIM Y JUII C
HEeKOHTpoaupyemMoii pe3aucteHTHoit Al Oosiee BbI-
paxxeHHoe noBbllieHHe TIMP-1 u cooTHoLUeHUs
TIMP-1/MMP-9 [2]. UccrnenoBaTenn OOBICHUIN
3TO TeM, UYTO CHMHTEe3 W BBICBOOOXmeHue MMP-9 B
OOJIBIIICH CTeIIEHU CBSI3aHbBI C YPOBHEM apTepHUaIbHO-
ro gaByieHUs, a oopasoBanue TIMP-1 perynupyercs
0oJsiee CI0XHBIM COYETaHMEM HeUpPOropMoOHaIbHbBIX
(aKTOPOB U CBSI3aHO C OOJIbIIIEH HATIPSI)KEHHOCThIO
npodubpoTnueckux mnpoieccoB. HeoaHo3HauHbIE
pe3yJIbTaThl OBUIM ITOJYYeHBI MPU WCCIeIOBAHUN
3HauyeHU KomIuiekca MMP-2/TIMP-2: cambie
BBICOKHE YPOBHU 3a(hMKCHUPOBAHBLI B TI'PYIIIIEC >KEH-
1rH ¢ Al, a caMmble HU3KUE B rpyImrne MyXX4uH ¢ Al
Muxun B.T1. u coant. (2022) npoaeMOHCTpUPOBAJIU
BBICOKIE YPOBHHU (B OTJIMUME OT 3MOPOBBIX JIFONCIT)
MMP-1 u MMP-9 u auzkue 3HaveHus TIMP-1 u
TIMP-4 B xpoBu 60abHBIX AI' ¢ BBICOKMM cepjieyd-
HO-COCYAMCTHIM pucKoM [3]. Bbuin BhISIBAEHBI KOP-
pEISIUMOHHBIE 3aKOHOMEPHOCTUM B MCCIEAYEMBbIX
rpynmnax. B rpymre IpakTH4ecK! 3H0POBBIX KEH-
IIMH OOHApYy>KeHbl 3HAYMMBbIE OTpUIIATEIbHBIE KOP-
peiasuuy Mexay Komiiekcom MMP-9/TIMP-1 u
MMP-2 (r = -0,618), npsiMble KOPPEJISILIMA MEXIY
komiuiekcaMu MMP-9/TIMP-1 u MMP-2/TIMP-2
(r = 0,440). B rpyrmre npakTU4eCKu 310POBBIX MYK-
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TABINWLUA 1. 3HAYEHUA MMP-2, KOMIMJIEKCOB MMP-9/TIMP-1 U MMP-2/TIMP-2, A TAKXE YPOBHA OBLLEErO
XONECTEPWHA Y OBCNEAYEMbIX MYXXUYUH U XKEHLLWH, Me (Qq ,5-Q; 75)

TABLE 1. VALUES OF MMP-2, MMP-9/TIMP-1 AND MMP-2/TIMP-2 COMPLEXES, AS WELL AS THE LEVEL OF TOTAL
CHOLESTEROL IN THE MEN AND WOMEN EXAMINED, Me (Qq Qs 75)

MpakTnyeckn MpakTnyeckn
3Aoposble XKeHwuHbl ¢ Al 3Aoposble My>xuuHbl ¢ Al
Ne MokaszaTenu XEHLMHbI . MYKYUHbI .
. ) Women with AH h Women with AH
No. Indicators Practically healthy n =50 Practically healthy n = 40
women women
n =60 n =50
OG6LwWui xonecTepuH
’ 5,27 5,38
MMoOnb/n ’ ’ 4,35 5,0
T | Total cholesterol, (4'51;662825 (4’38;662823 (3,70-4,67) (4,20-5,78)
mmol/L p1-3 ) p2-3 ’
111,28
93,3 ’ 76,8 78,12
2 mmgg :g/':"n’l‘_ (74,30-103,23) (91653;1(2)763;‘) (69,95-82,11) (73,17-85,34)
&, 2-3 ’
P, < 0,05 D, < 0,001 Pr5 < 0,01 Py < 0,01
8,82 8,94
3 MMP-9/TIMP-1, Hr/mn (6,21-9,05) (6,71-9,12) 7,65 6,53
MMP-9/TIMP-1, ng/mL pis < 0,05 p,5 < 0,05 (6,61-9,23) (6,01-7,28)
P14 < 0,05 P4 < 0,05
51,5 70,89
4 MMP-2/TIMP-2, Hr/mn (8,48-112,14) (11,25-145,23) 45,08 25,64
MMP-2/TIMP-2, ng/mL P < 0,01 p,s < 0,01 (7,93-65,89) (14,42-43,18)
P4 < 0,01 p,4 < 0,001

YMH OOHapyXXeHa IIpsiMasi CBSI3b MEXIY KOMILIEKCa-
mu MMP-9/TIMP-1 u MMP-2/TIMP-2 (r = 0,59),
MMP-2 u ypoBHeM obiiero xojiecteprHa (r = 0,345).
B rpynmne xeHiuH ¢ Al ycTaHOBJIEHa OTpULIaTeIbHAS
CBSI3b CpedHEll CUJIbl MEXIY YPOBHSIMU KOMILIEKCa
MMP-9/TIMP-1 u MMP-2 (r = -0,66). B rpymmne
MY>X4MH ¢ Al BbIsSIBJIEHA IIpsSIMast KOPPEJISIIIAST MEXKITY
ypoBHeM 00111ero xonectepuHa 1 MMP-2 (r = 0,42)
U OoTpuULATebHAs KOPPEISLUMOHHAS CBSI3b CpEell-
Hel cwibl MexXay Komruiekcom MMP-9/TIMP-1 n
MMP-2 (r = -0,55), a Takxe Mmexxny MMP-2 u kom-
wiekcom MMP-9/TIMP-1 (r = -0,544).

Takum obpa3zoM, nucbasaHC B CUCTEME MPOTEO-
JIN3/aHTUIIPOTCOIN3 HAOIOJAaeTCsl KaK B TPYIIIe
XeHIWH ¢ AT, rae 6osiee BbIpaxkeHO BAUSIHAE HA MU -
rpanuio, npoyudepaluio U aronTo3 rIafKoOMbIIIeY-
HBIX, 9HAOTEIUATbHBIX U BOCMAIUTEIbHBIX KJIETOK,

Crncok nutepaTtypsbl / References

oIpeaesomnX (opMUPOBaHUE UHTUMbI U apTePU-
aJIbHOE peMOJEIMPOBaHNE, TaK U B TPYIIIIe MYKUMH
¢ Al rne npeBajiupyeT peMoaeaupylommii pakTop,
BIVSTIOIINI Ha PUTUIHOCTD CTEHKU COCYIOB.

BbiBoap!

1. B rpymme npakTM4eCKH 3I0POBBIX MYXKUYMH
U XKEHIIUH 3a(uKCUpOoBaHbl 00Jiee HU3KUE YPOBHU
HUCCAEAYEeMbIX KOMILIEKCOB MaTPUKCHBIX METaJLI0-
MHPOTEMHA3 U UX TKAHEBBIX UHTUMOUTOPOB.
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