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Matrix metalloproteinases are main proteolytic enzymes breaking down most components of extracellular
matrix of various tissues. In the review shows role of matrix metalloproteinases and tissue inhibitors of matrix

metalloproteinases during implantation, morphogenesis, and delivery.
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BBEOAEHUE

PenpopyKTHUBHEIE OpPraHbL IOABEPraloTCs 3HAUU-
TEABHBIM CTPYKTYPHBIM 1 (DYHKIIMOHAABHBIM U3MeHe-
HUSM B Te4eHUe >KU3HU [9]. DTU u3MeHeHUs yIIpaBAs-
IOTCA FOpPMOHaMH, haKTopaMu pocTa U ITUTOKUHAMU
U BKAIOYAIOT PEMOAEAUPOBAHUE COEANHUTEABHBIX
TKaHel. CoepAUHUTEeAbHAs TKaHb COCTaBASIET OOABIIYIO
YacTb MacChl TEAQ, IIPUAAET POPMY ¥ 00bEM OpraHaM.
Omna oTAeAeHa OT AIUTeAns: 6a3zarbHOU MeMOpaHOU
(BM) m copep’KUAT BHEKAETOUHBIU MaTpukc (BKM),
KPOBEHOCHBIE M AMM(aTHuecKue COCyAbl, prudpobdaa-
cTBl 1 Makpodaru. CTpyKTypHbIe npoTenHsl BKM u
BM BrAtOUatoT puOpUANIPHBIE OEAKU (KOAAATEH, JAa-
CTHUH), IPOTEOTAUKAHBl U MHOTOAOMEHHBIE TAUKOIIPO-
TenHb! (QUOpOHEKTUH U AaMUHUH). BKM peryaupyet
npoaudepanuio, AuddepeHIuPOBKY U AllOITO3 KAE-
TOK U IBASIETCS PEIIO3UTOPHEM AN PAKTOPOB POCTA.
Bbeakn BKM paspyurarorcsa pa3aaAudHBIMHU (DepMeH-
TaMU, HO MaTPUKCHBIE MeTaAAoTIpoTenHassl (MMIT)
SIBASIIOTCSI TA@BHBIMHY, IIOCKOABKY CEKPETUPYIOTCS BO
BHEKAETOYHOE IIPOCTPAHCTBO, (PYHKIIMOHUPYIOT B
(PU3UOAOTUUECKUX YCAOBULX, TOHKO PETryAUPYIOTCS
U UHAYIMPYIOTCS B 00AACTIX PEMOAEANPOBAHUS TKa-
HeH, CIIOCOOHBI pacCHIeNAATE PUOPUANTPHBIE OEAKH.
B 0630pe paccmoTpeHa pru3noAOTHUeCKOe 3HaueHne
MMIT, xapaKTep UX 3KCIIPECCUU B PEIIPOAYKTUBHBIX
TKaHSAX B TeueHne OepeMeHHOCTH U POAOB.

MATPUKCHbIE METAJINTONPOTENHASbI

MMIT — cemeNCTBO 5H3UMOB, PaCUIENASIONINe
komnoHeHTH BKM, pukcupoBaHHbIe BO BHEKAETOU-
HOM MaTPUKCe CUTHAABHBIE MOAEKYABI U MEMOPaHHEBIE

perenrtopst [25]. Otu Ca’t- u Zn?"-3aBUCUMBIE S9HAO-
MeNTUAA3bl aKTUBHEBI IPU HEUTPAABHBIX 3HAUEHUIX
pH. B To BpeMma kak opau MMIT cekpeTupyrorcs BO
BHEKAETOUHOe IIpocTpaHcTBo, MMIT memOpanHOTO
Tuna (MT-MMII) aBasgroTCS TpaHCMeMOpPaHHBIMU
MIPO3H3UMaMHU, KOTOPhle aKTUBUPYIOTCS IIPU OTIIIETIAe-
HUU aMUHOTEPMUHAABHOTO IIeITUAA. VIHTMOUTOPHBIN
MEeITUA TIOCPEACTBOM OCTaTKa IIUCTEeNHA B3aUMOAELH-
CTByeT C aTOMOM IJUHKA B aKTUBHOM CaWTe SH3UMa.
Paszpymienue aToi cBA3U akKTUBUpPYyeT 3H3UM. MIIIT
UHTUOUPYIOTCS TKAHEeBBIMU MHTHOUTOPAMU MaTPUKC-
HBIX MeTarronpoTenHas (TVIMIT).

B nactosmiee Bpemsa usBectHo 6oaee 20 MMIT,
KOTOpBIe TPYNNHUPYIOT COTAACHO YYBCTBUTEABHOCTU
K cyOcTpaTaM UAU CTPYKTYPHBIM OCOOEHHOCTSIM AO-
MEHOB: KOAAATeHAa3bl PacCIeNASIIOT (PUOPUAAIPHBIN
KOAAQreH, JKeAaTUHAa3bl — AeHATypPUPOBAHHBIE KOA-
AareHbl, CTPOMEAU3UHBI — HEKOAAAreHOBBIE KOMIIO-
"HeHTsl BKM, MMIT MmeMm6pannoro tuna (MT-MMII)
ABASIIOTCS TPAaHCMeMOPaHHBIMU SH3UMaMHU.

UMIUJIAHTALUUA

®opmupoBaHue NAALleHTE HAYWHAETCS C THBa3UHN
U MUI'PAIIUU KAETOK TPO(POOAACTa B MATEePUHCKUE TKa-
HU ¢ POpMHUPOBaHNEM KOHTaKTa ¢ cocypaMu [21]. Tpo-
dobracT skcIpeccupyeTr BrIlcoKue ypoBHU MMIT-9
[1], aunrn6upoanue MMIT in vitro mam poenenyig reHa
MMIT-9y mblnIel yrHeTaeT MUTPallUIo ¥ pa3pyllieHue
BKM kaeTkamu Tpodobaacta [27].

MMII-2 AoKaru3yeTcst B CTPOMe KAETOK BOPCHUH
TpodobaacTa B MecTax ¢ KoHTakTa ¢ BM. O6Hapy>keHa
skcupeccus MMP-9 B unBasupytolieM Tpododracte
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Mmetrel [4]. MPHK MMIT-11 A0Kaau3yeTcs B KAeTKaxX
TpodobaacTa B MeCcTax CoepAuHeHNs SMOPHUOHAABHOMN
U MaTepuHCKOU TKaHeu [12]. MMII-1 u MMII-3 006-
Hapy>KeHbI B OAACTOIIMCTE MBIIIEHN.

MPHK u nporeunst TUMII-1 u TUMII-2 skc-
IIPECCUPYETCS ACIIUAYAABHBIMI KAETKaMU B TeUueHUe
LIEePBOTO U TPEThEro TPUMEeCTPOB O€PEeMEeHHOCTHU Y
genoBeka. TIMII-1 Aokaau3yeTcss B CTpoOMe Aellu-
AyaabHOM o6oaouky, a TUMII-2 B Bopcunax [19]. ¥V
Melert, TIMPs oOHapy>KeHBI AeITUAYAABHBIX 000A0Y-
kax. TIMII-3 skcnpeccupyeTcss BO BHEBOPCUHYATOM
TPo(pOoOAACTE IAOAQ, @ TAKIKE ACITUAYAABHBIX KAETKaX
MaTepu. Okcupeccusa TMIMI-3 usaynupyercs npore-
cTepoHoOM [8], ¥To orpaHMuYMBaeT perpapanmio BKM.
THWMIT MOTYT IOAHOCTBIO MHTHOMPOBATH WHBA3UIO
TpodobaacTa in vitro. TakuMm o6pa3oM, 0araHC MEKAY
skcupeccuer THMMIT u MMII BangeT Ha npouecc
WHBa3UU.

OMOpPHOHEBI YeAOBEKA B KyABTYpe CEKPETUPYIOT
MMITI-2, npudyeM cekpelusi BO3pacTaeT IIpu A0OaB-
AeHuu (pubpoHeKTHHA [23]. MakcuMarbHas KOHIeH-
Tpanusa MMII-2 HabatopaeTca Ha 4 — 5-U AeHb, UTO
COOTBETCTBYeT BpeMeHU MMIIAQHTAUU in vivo [23].
KaeTku TpodobaacTa in vilro Takxe CEeKpeTUpPyIoT
MMI1-2 u MMIT-9 [23]. TIpoaykiiusa MMIT-9 cunnu-
THOTPO(POOAACTOM UeAOBEKA U OAACTOLMCTaMU MBIIITH
olnpeaeAsieT CKopocTh nHBa3uu. Mutepaerikud (IL)-1
CTUMYAUPYET, & TAIOKOKOPTUKOWABI CHUXKAIOT IIPO-
pykuuio MMIT-9 [15]. TakuMm 06pa3oM, HOpMaAbHasA
MHBa3us TpodoOAACTa PEIYAUPYETCS IIPOTUBOIIOAOIK-
HBIMU AericTBUSAMU [L-1f3 1 TAFOKOKOPTUKOUAOB.

MOP®OrEHE3

MMIT peryAupyioT OpraHuU3alnuio KAETOK. B
KyABTYpe Ha 6a3arbHOM MeMOpaHe aAUIIOIUTHI Opra-
HU3YIOTCS B OOABIIIME MYABTUKAETOUHBIE KAQCTEPHL.
OTU KAeTKU cekpeTupytoT MMIT-2. HrubuposaHue
MMIT TOPMO3UT MUT'PALIAIO KAETOK U OPTaHU3AIAIO
B TpexMepHbIe CTPYKTYPHI [2]. B MopeAn pa3Butusa
IIaHKPeaTU4YeCKUX OCTPOBKOB 3IUTEAUOLUTHI dM-
OpPUOHAABHOU IIOAKEAYAOUYHOU >KeAe3bl B KYABTY-
pe Ha KOAAAreHOBOM reae AudepeHIUpyoTcs U
OPraHU3yIOTCd B KAAQCTEPHI IOAOOHBIE OCTPOBKAX
Aanreprasca. B-KAeTKU AOKaAU3YIOTCSA B IIeHTPe, a
Apyrre TUIIBI KAETOK Ha lepudepuun. B 3To BpeMs
MOBBIIMIAETCSA aKTUBHOCTL MMIT-2. MlHrmbupoBanue
MMIT HapyuiaeT MopdoreHe3 OCTPOBKOB, He BAULSA
Ha UX SHAOKPHUHHYIO AUDDEePeHIupOBKY [17].

Apyrou 3aBucamuii or BKM niponecc opranu-
3allUd KAETOK HabAopaeTcsl IPU BETBAEHUU CO-
CyAOB B TeueHHe aHTHMoreHesa U )OPMHUPOBAHUU
MHOTHUX 3MUTEAHAAbHBIX CTPYKTYp. Peryaupyemoe
U AOKAAM30BaHHOe peMopeAnpoBaHue BKM B 3Tux
npolieccax HeOOXOAUMO AAS M3MeHEeHUs CKOPOCTH
npoAudepanuu KAeTOK, IIOABUKHOCTH, UX (POPMEL U
00pa30BaHMsA KOHTAKTAMU MeKAY KaeTKamu 1 BKM.
®opmupoBaHue TpyOoK M3 IHAOTEAUOIIUTOB IIyIIO-
BUHHOU BeHEI yenroBeka (HUVEC) Ha KoarareHOBOM
rexe TOPMO3UThCS Ipu uHruouposanuu MMIT [6].
OHAOTEAUOIUTEL aOPTHI ObIKA B KOAAAT€HOBOM TeAe
IIOABEPraroTCS allONTO3y Ad’Ke B IPUCYTCTBHUU aH-
IMOreHHBIX (PaKTOPOB. B 3TOM cucremMe, HHIHOUTOP

MMIT npepoTBpalaeT arnoiuTo3 B OTCYTCTBUM AHTHUO-
TreHHOTro (paKToOpa U YCUAMBAET OTBET Ha @aHTMOT€HHBIN
dakTop [11]. DOOIUTEANOIUTHI MOAOYHOMN KEAe3hl B
TPeXMEePHON KyAbTypP€e OPTaHU3YIOTCS B IPOTOKOBLIE
CTPYKTYPHI IPX B3aUMOAEMCTBIHU C PparMeHToM (pu-
OpOHEKTHHA. DTOT NPOILeCC 3aBUCUT OT aKTUBHOCTU
MMIT [22]. T'unepskcupeccus MMI1-3 B anuTeAnonu-
TaxX MOAOYHOU >KeAe3bl UHAYIIUPYeT (hOpPMUPOBaHUE
3MUTEANAABHO-ME3eHXMMHUAABHOTO IlepexoAa [16].

B KyABTypax opraHoB NokKa3aHa poab MMII B
npolecce BeTBAEHUS 3NUTEAUMAABHBEIX CTPYKTYP.
Koraa 10-pAHeBHBIE 5KCIIAQHTEHI SMOPUOHAABHOU TOY-
KU IOMeIaAu B KYABTYPY, (DOPMUPOBAACS 3a4aTOK
MOYETOUHHKA. DTOT MIPOLeCC UHINOUPOBAACS aHTH-
TeramMu K MMIT-9 [14]. MT1-MMIT TakXe y4acTByeT
B 3TOM IIpollecce, IIOCKOABKY 00paboTKa KyABTYPBI
IIoYeK 3MOPUOHA AHTUCEHC-OAMT'OHYKACOTUAAMU K
MT1-MMIT TopMO3UT BeTBAEHUE 3aUyaTKa MOUYETOU-
HuKa [10]. AHTHCEHC-OAUTOHYKA€OTUABI K TVIMIT-2
YCHUAUBAIOT BETBAEHUE U IIPEAOTBpAIaoT 3(pdeKT
QHTHUCEHC-HyKAeOoTuAOB K MT1-MMII. Hanpotus,
nHruouposanue MMIT B KyAbType CAIOHHBIX JKEAe3
HIOBBIIIAET BeTBACHUE IIPOTOKOB.

Pazanune appexroB MMIT MmokeT OBITH BTOPpUY-
HBIM K MEXaHU3MY BETBACHUS B ABYX BUAAX SIIUTEAUS.
ONuUTeAnY IIoUYeK BETBUTCS IPpU (POPMUPOBAHUU 3a-
4JaTKa ¥ POCTa B ME3eHXUMY, HY KAQETCS B AerPajaliuu
okpyskaruiero BKM. Onureanii CAIOHHBIX JKeAe3
BETBUTCSA (POPMUPOBAHUEM U CTAOMAM3AIUEN IleAelt
IIy4YKaMU KOAAATeHa B 3IUTEAUU OAHOBPEMEHHO C
POCTOM B OKPY KAIOIIYIO Me3eHXUMY. TakuM 06pa3oM,
B IIoukax aperpapanusga BKM ycuauBaeT BeTBAEHUE,
a B CAIOHHEIX JKeAe3aX yCHAeHHe Aerpapanuu BKM
TOPMO3UT IIPOLECC BETBAEHUS.

Taxum o6pazoM, MMIT BBIIIOAHSIOT HECKOABKO
pa3AnYHBIX (QyHKIMN: pa3dpymaT BKM, obecne-
u¥Basg MHBA3UIO, BEIOUPAIOT TOYKU BETBAEHUS, pe-
TYAUDPYIOT TPEXMEPHYIO OPraHM3aluio0, PeryAupysd
SIUTEAUAABHO-MEe3eHXUMAAbHBIHN IIEPEXOA,

BEPEMEHHOCTb U POAbI

IThop uenroBeKa OKPY>KeH aMHHUOXOPHUOHOM, U30-
AUPYIOIIUM €ro OT OKPY>Karolllel cpeAbl. AMHUOXOPH-
OH CIIOHTaQHHO pa3pyllaeTcs B TeueHHe HOPMaAbHbBIX
POAOB, HO MHOTHE IAaTOAOTUU CBSI3AHBL C IIPEKAEB-
PEMeHHBIM ero pa3pbiBoM. CBOEBpEMEHHBIN Pa3phIB
IIAOAHBIX MeMOpaH 0O0YCAOBAEH MeXaHUYeCKUMHU CU-
AQMU COKpallleHUs MUOMeTPUS Ha (POHe PaCIIupeHUs
ek MaTKu. OpHaKO pepMeHTaTUBHOE Pa3pyllleHne
KoarareHa BKM NAOAHBIX MeMOpaH yCUAUBAET 3TOT
npoiiecc. B 000AOUKaX ITNOAQ B KYABTYPE IIOAYYEHHBIX
IIpU KecapeBOM CeYeHUHU ITI0CAe 00PabOTKU PeAaKCH-
HOM COAEPsKaT IIOBBIIIIeHHBIe KoAdecTBa TpoMMIT1-1,
npoMMITI-3 u npoMMITI-9, HO He npoMMITI-2. Onu-
TeAuM aMHUOHA cekpetupyeT MMII-2 in vitro u, no-
BUAMMOMY, OTBeYaloT 3a cekpenuto MMII-2 B aMHUO-
THUYECKYI0 JKHAKOCTb BO BTODOM TPUMeCTpe OepeMeH-
HocTH [13]. MMIT-1 1 MMI1-2 Tak>kKe IPUCYTCTBYIOT B
000AOYKaX ITAOAA B HEM3MEHHBIX KOANUECTBaX IIepea,
BO BpeMs u ocAe popoB [3]. MMII-1 rokaausyercs
B aMHHOTHYecKoM snuTeanu 1 BKM amHMOHA 1 X0-
puoHa. Okcupeccuss MMII-3 u MMII-9 B amHMOHE
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YeAOBeKa IIOBBIIIAeTCS B HauaAe U CHUYKAETCS IIOCAe
poaoB [3]. MPHK u nporenn MMI1-9 oGHapy>keHa B
MaKpodarax 3IUTeAUs: aMHUOHA YeAOBeKa ¥ TAAAKOM
XOPHUOHE U ACITUAYAABHBIX KAETKAX IIOCAE POAOB [24].
Ota BpeMeHHas sKcnpeccus MMI1-3u MMIT-9, acco-
IMUPOBAHA C IOATOTOBKOM K POAAM.

MPHK MMII-2 B MAaTepUHCKON YaCTU AEIIUAY-
aABHOM OOOAOYKM ITOBBIIIAETCS Ha NPOTIKEHUU
OepemennocTtH, xoTsds MPHK MMII-10 nogasaseTcs
TOABKO K poAaMm [26]. Ha panHux cpokax OepeMeH-
"ocTy, yposHu TMIMIT BEICOKY, ¢ MakcuMyMoM MPHK
TUMII-1 B cepepute 6epeMeHHOCTU B MaTKe, AeIU-
AYaAbHOM OOOAOUYKE U IIAALIEHTe MBIIIU. B maareHTe
skcnpeccuss TUIMII-2 noBuimiaeTcss B 7 pa3 Imocae
14-ro pAHS OepeMeHHOCTH y Mblel. HanpoTus, sKc-
npeccusa TIMIT-2 B MaTKe, AeIIUAYAABHOM O0OOAOUKE
¥ @MHUOHE IIOCTOSTHHO MOBBIIIAETCS Ha IPOTS>KEeHUN
OepemenHocTtu [7]. XoTs nuk skcupeccun THUMIT-1
KOppeAupyeTcs ¢ HauOoAee HHBA3UBHBIM IIEPUOAOM
pa3BUTHA SMOPUOHA, MBIIIN C HYA€BOU MyTalluel reHa
TIMP-1 deptuasusl [5]. Takum o6pazom, THIMII-1
He IBASIeTCSI KpuTudeckuM mHruoburopom MMIIT B
TedeHHe OepeMeHHOCTH.

K popaM co3peBarolias 1meika peMOAEANPYeTCH.
[leitka MaTKX COAEPIKUT (PUOPUAAIPHBIN KOAATEH U
IIPOTEOTAMKAaHBIL. KoArareHa3bl BOBAEUEHE! B IIPOIIecC
co3peBanusd meniku [18]. KonueHTpanmuu KoArareHas
B 6 — 23 pasa BbIIIe B IIeliKe MaTKU YeAOBeKa B Te-
YeHMe POAOB, UeM IIepPep POAAMHU, U aCCOIIMUPOBAHbI
C Aerpajanuell KoanareHa | Tuna 1epBHUKaAbBHOTO
BKM. KoHneHTpanuu KoArareHa3 MOBHIMIAIOTCS B
TeueHHe POAOB B IlepudeprudyecKor KpOBU MaTEpH.
[TpoAyKIIUg KOAAATEHA3 B IEPBUYHOM MOHOCAOE
IlePBUKAABHBIX KAETOK OepeMeHHBIX MOPCKUX CBU-
HOK PeryAupoBaAach IPOreCTEPOHOM, 3CTPOTreHaMuU
U npocTarraHpvuHaMu. MICTOUHMKOM KOAAareHas
BBICTYIIAAU KAETKU CTPOMBI. [IpuMeuaTeAbHO, YTO
IlepBUKAABHBIE BIIMTEANOUTHI HIEUKU CEKPETUPYIOT
(hbaKTOPBL, CTUMYAUPYIOLIUE IPOAYKIIUIO KOAAATEHA3
KAeTKaMu cTpoMEl [20]. OaHAaKoO in vivo, TOBBHIIEHUE
KOAAAreHa3HOW aKTUBHOCTHU CBSA3BIBAAU C MHBA3U-
PYIOLIUMU AEHMKOIIUTaMH, HO He C IIePBUKAABHBIMU
dubpodracTaMu.

SAKJIIOHEHUE

PenpoapyKTUBHBIE OpraHbl OTBe4alOT Ha MHO-
>KeCTBO T'OPMOHAABHBIX CUT'HAAOB Y B3POCABIX OP-
raHU3MOB, U3MeHsq UX (POPMy, pa3Mep U PYHKIIUU.
B 0630pe paccmoTrpenst MMIT kak moTeHITUAABHEIE
MeAUATOPHI 3TUX (PU3NOAOTUUYECKUX M3MEeHEeHUH.
MMIT BBICOKO 3KCIIPECCUPYIOTCSA B PETPOAYKTUBHBIX
opraHax, a xapakTep UX 3KCIIPeCCUU COOTBETCTBYET
dDYHKIIMOHAABHOMY ¥ TOPMOHAABHOMY CTaTyCy. -
(eKTEI TOPMOHOB Ha aKclpeccuto MMIT o6ycaroBae-
HBI MOAYASIIIUEN AOKAABHBIX KOHIIEHTpalui akTo-
POB pOCTa MAU NUTOKHMHOB. MMII MOTyT n3MeHATH
CTPYKTYPY U (DYHKIWIO PEIIPOAYKTHBHBIX OPIaHOB.
[Mpoayknusas MMPs acconumpoBaHa ¢ MopdoreHe-
30M (aHruoreHes, (popMHPOBAHNE CAIOHHBIX JKEAe3
U aAbBeOA AeTkuX). Paszamunbre adhdextsr MMIT Ha
POCT KAETOK, alloNTO3 U AUP(PepeHITUPOBKY OTpayka-
IOT CAOSKHOCTBH MH(POpPMAIuU 3aKAI0UYeHHOU B BM n

BKM u TeM, Kak 3Ta nH(OpMalus BOCIPUHUMAETCS
1 oOpabaThIBaeTCsa KAETKOM. Pa3pylieHne MaTprukca
nocpepcTBoM MMITMO>KeT ypAaAaTh crienuduIecKrue
CUTHAABI, BBIIBAATH CKPBITHIE UAW BBICBOOOJKAAQTH
UAU AKTUBUPOBATH (PAKTOPHI, PUKCUPOBAHHEIE B
MaTpHUKCe.
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