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The literature data indicate that the impaired expression of some types of metalloproteinases can result from
different causes, both endogenous and exogenous. A modern notion of the role of matrix metalloproteinases
in the processes of placental angiogenesis is analyzed. There was used literature research method according to
the database PubMed for 1994-2021. The study of the activity and function of metalloproteinases in various
gestational complications associated with the formation of primary placental insufficiency could have helped

to search the diagnostic markers of these disorders.

Keywords. Matrix metalloproteinases, placental insufficiency, placental angiogenesis.

BBEJEHUE

Brexneroynei Marpukc (BKM) - 3ro
IUIACTUYHAA MAaTPHULA, 0OECTIEYNBAIONAS CTPYK-
TYPy TPEXMEPHON OPraHU3aLUU OUOIOTHYE-
ckux TKanen. BKM yuactsyer B 1poreccax Kie-
TOUHON Tpomudeparyy, AU EPEHINPOBKY,
4ire3uu, MATPALMKU 1 MHBA3uH [1], a ero gerpa-
Jauysg U PEMOJENUPOBAHUE ABIAIOTCA LICH-
TPANBHBIMA MEXAHU3MAMH JUI1 CTPYKTYPHBIX
U3MECHEHUI OMOJNIOTMYECKUX TKaHew. Hacrym-
JIeHUe GEPEMEHHOCTH, 3MOPUOHAIBHOE U (Pe-
TAIbHOE PA3BUTHE TAKXKE TPEOYET Aerpajaluu
BKM, 4T0OBl 00ECIEUNTh MOTHOLEHHYIO HM-
IVIAHTALUUIO U IUIALEHTAPHBIA AHTHUOTEHES [2].
Jerpagauus BKM perymupyercs OCPeACTBOM
IPOTEA3: CEPUHOBBIX IIPOTEA3, KATEIICMHOB U
MATPUKCHBIX MeTa/uonporentas (MMII), a ee
HADYIICHUE MOXET HPHUBOAUTH K AKYIIEPCKAM
OCIOKHEHUAM [3-5].

[Ipy mOATOTOBKE 0630pa ObLI UCIONB30-
BAH METOJ| [IOUCKA JIUTEPATYPHI 110 623aM JaH-
HbIX PubMed 32 nepuog 1994-2021 1r.

METAUIONIPOTEMHA3BI
MEMBPAHHOTI'O THIIA: OBIITAA
XAPAKTEPHCTHKA B CTPYKTYPA

MeTa/monpOTEeHNA3bl NPEACTABIAIOT CO-
00U CEMEUCTBO U3 24 ITUHK-34BUCUMBIX SHJIO-
IENTHA3, CTIOCOOHBIX K AETPAfAlIUU NPAKTU-
YyeCKu BCex KoMIIOHeHTOB BKM. Cpexu HuX
BBIJIEIAIOT: KOJUIATEHA3BI, JKENTATUHA3bL, CTPO-

Menusunbl, MMIT mem6panHoro tuma (MT-
MMIT) [6, 7). JlutepaTypHbie JAHHBIE MUPOKO
ocBAmaT yuyacrue MT-MMII B mponeccax
Npoau(epanuy, UHBA3UK U aHTMOTEHE3A TIPe-
UMYIIECTBEHHO OIYXOJMEeBOro renesa [8-11].
OfHAKO NyOIMKAUK, PACCMATPUBAIOIINE UX
pOIb BO BpeMA OGEPEMEHHOCTH, HEMHOTOUMC-
JIEHHBL. DTOT 0630p MOCBAMEH (PYHKIIMOHAb-
HBIM OCOOEHHOCTAM ITaneHTapHbIX MT-MMIT,
4 TAKKE MX YYaCTHIO B MATO(PU3HONIOTUU Oe-
PEMEHHOCTH.

Bee Tunbr cemerictea MMII nmeror €xo-
KYIO CTPYKTypy. Pasmiyaiorca onm cBoeit J10-
MEHHOM OPraHU3aALUEN. DTU JJOMEHBI BKIIOYA-
I0T IPO-JIOMEH, KATATUTHYECKUI JIOMEH, CO-
€IMHUTE/IbHBIA JOMEH U JJOMEH I'eMOIEKCHHA
[12]. MT-MMII penarca Ha jse rpymms: MT-
MMII, 3aKpEIUIEHHbIE TPAHCMEMOPAHHBIM JIO-
MEHOM, 32 KOTOPBIM CJIE/yeT IUTOIUIA3MATHYE-
ckuit iomeH (MT1-; MT2-) MT3- u MT5-MMII),
a Taxke rpymna MT-MMII, 3aKperuieHHbIX TJI1-
Kosuindocharuaumnosutonom (I'PH), y xo-
TOPBIX OTCYTCTBYET LIUTOILIA3MATUYECKUN JIO-
MeH (MT4- u MT6-MMII) [13].

MT-MMII MoOryr (PyHKIMOHHUPOBATH KaK
MOHOMEPBL, TaK U roMouMepsl [14, 15]. Baxno
OTMETUTD, YTO I'OMOAUMEPU3ALNA UIPAET BAK-
HYIO POJb B PEIyIAMU aKTMBHOCTH MT-MMI],
Hanpumep B akruBauuu MMII-2, onocpeaosas-
Hot MT1-u MT2-MMIL [erpagaius BKM kara-
JMTUYECKUM  IOMEHOM  AIBJAETCA  OCHOBHOU
¢ynximert MMIL, ocranbHble (PYHKIMU peay-
3yrorca Apyrumu jomenam MT-MMIIL Harpumep,
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JIOMEH T'E€MOIEKCHHA Y4YaCTBYET B OEIKOBBIX
B3aMMO/ICHCTBUAX, IIO3BOJIAA  OJIUTOMEPU3UPO-
Batb MT1-MMII 1¥TOmIa3MaTHYECKUH JOMEH
MOXET B3AUMOJENCTBOBATb C APYTUMU BHYTPHU-
KIETOYHBIMU OEJIKAMY, TPAHCAYLIUPYA HUHPOp-
MAIMIO0 M3 BHEKIETOUHOU cpeapl [16]. Kpome
TOT'O, CYMTAETCA, YTO OH PETYIUPYET BHYTPUKIIE-
TOYHBI TpaHcnopt MT-MMIT 1 €ro erpajaiuo
[9]. CoemururenbHbi goMeH B MT4-u MT6-
MMII y4acrsyer B TPAHCAYKIMK CHUTHAJIOB IIO-
CPE/ICTBOM JIMIIUJIHBIX PACTPOB, 4 TAKXKE NPUJA-
€T ¥IM YyBCTBUTEIBHOCTD K (pocommnazam [17].
MMIT cexpeTupyroTcs B BUfic HEAKTUBHBIX
3UMOTEHOB  ((DYHKIIMOHAJIBHO  HEAKTMBHBIX
NPEAECTBEHHUKOB  (DEPMEHTOB) € IIPO-
JIOMEHOM, HHIMOMPYIOmUM npoteasy. [Ipo-
JIOMEH COEPAKUT OCTATOK LIUCTEUHA, KOTOPBIN
B3AMMO/ICUCTBYET ¢ MOHAMU IIMHKA B KATAIUTHU-
YECKOM JIOMEHE. DTO B3aMMOJCHCTBUE HEOOXO-
auMo i akrusarn MMILL JlanHbi nporecc
HPOUCXOJUT CIEAYIOMUM 00PA30M. Bo-TiepBbIX,
IPO-IOMEH PACIICIVIAETCS, 3aTEM IIPOMEKYTOY-
HbII IpoAyKT MMIL, a Tarke pyrue IpoTeasbl
MOIYT MOJHOCTBIO YAQIUATH MPO-JOMEH, YTO
npusoanT K akrusaru MMII [18]. Kpome Toro,
akruBanysa MMIT Take MOXKET OBITb PE3y/bTa-
TOM KOH(OPMAIIMOHHOIO U3MEHEHUA IIPO-
JIOMEHA WA AKTUBALMU AKTUBHBIMU BUJIAMU
KHCIOPO/A, KOTOPBIE B3AUMOJICHCTBYIOT CO CBO-
OOJIHBIM LIMCTEMHOM B ITPO-foMeHe [19].
MT-MMII B3aUMOJENCTBYIOT C IMIMPOKAM
CIEKTPOM ~ CyOCTPATOB, KOTOPBHIE — PA3pPyLIAIOT
KOMIIOHEHTBI BKM, BKMIOYAsS HAXOMAIIUECT B
CTEHKE MATKU U CIUPAIGHBIX APTEPUAX, TAKUE
KaK (PUOPOHEKTHH, BUTPOHEKTHH, KOJUTareH IV u
namvunvH [20]. Kpome toro, MT-MMIT moryr pac-
IIETUIATH TPO(OPMBI IMTOKMHOB, BKMoYas TGF-f3
1 TNF-0, 4TO IPUBOAWT K MX aKTUBALMN [21-23].
[IoMUMO pery/aiuyl UIMMYHHOTO OTBETA, ITU 1i1-
TOKMHBI TAKKE MOJYIUPYIOT HEKOTOPBIE (DYHK-
UM TUIALEHTBL bbuto mokazaHo, yro TGF-B un-
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ruoupyer MHBA3u0 Tpododmacta [24]. Paxrop
HEKpOo3a onyxomu anbpa (PHO-a)) criocoden uH-
AynupoBath sxcnpeccro MT1- n MT2-MMIT B
IUTOTPO(OOIACTE B IEPBYIO BOTHY MHBA3WH [25].
Pap nccnenoBanuil Taxke mnokazan, uro ®HO-o
OIPAHMYMBAECT WHBA3MIO TPO(OOIACTA 32 CUET
TIOBBIIIEHHON CEKPELMN dKTUBATOPOB (PUOPUHO-
732 u iasmuHoreHa 1 (PAL) [26, 27).

OCOBEHHOCTH ®YHKIIMOHHUPOBAHUA
IVTALIEHTAPHBIX MT-MMII

IInauenmapnvie MIT-MMII 6 mnepeom
mpumecmpe oOepemennocmu. CrelyaT3u-
POBAHHBIE IUIALEHTAPHBIE KIETKH, IUTOTPO-
(hOGIACTBI, PEAIU3YIOT PA3IUYHBIE TIPOLIECCHI,
HEOOXOAMMBIE I (DYHKIMOHUPOBAHUA ILIA-
IIEHTHI U YCIIEMHOIO NPOIPECCUPOBAHUA Hepe-
MEHHOCTU. MOXHO BBIIEINTL TPU PA3TAYHBIE
CYOIONY/IALUY ITUTOTPOPOOIACTOB: BOPCUHYA-
Teie  1UTOTPOO6MacTel  (VTS),  CHHLIUTHI
IPEACTABIAIOMUI COOOM KIACCUYECKUI ILIA-
IEHTAPHBIN 0apbep, TPAHCIOPTUPYIOMUN Ma-
TEPUHCKUE TUTATENBHBIE BEIECTBA B KPOBOTOK
IUIOZIA ¥ TIPOAYLIMPYIOLINI TOPMOHBI OepeMEH-
HOCTH, 4 TAKKE SKCTPABWUIAPHBIE IUTOTPO-
(pobmactel (DBT), KOTOpBIE BHEAPAIOTCA B Jie-
[U/IyaTbHYIO TKAHb U (DUKCUPYIOT IUIALEHTY B
00671aCTH TIALEHTApHON Momaaku. Yacrs BT
JOCTUT'A€T CIUPAIBbHBIX APTEPUI U IIEPECTPAU-
BAIOT UX B IMPOKUE COCY/IBI C HU3KUM COIPO-
TUBJICHUEM, OOECTIEYnBAs 4/ICKBATHOE KPOBO-
CHaOxeHue 1oaa [28]. Bee atu nporeccsl, To
€CTb C/IUAHKE TPO(OOIACTOB, NHBA3UA U PEMO-
JEMPOBAHNE CIIUPAIBHBIX APTEPUI, TPEOYIOT
gerpaganuy BKM, 4to emje pa3 ykasblBaeT Ha
3HauuTeNbHYyI0 porb MMIT BO BpeMa GepeMeH-
HOCTH, OCOOEHHO B IIEPBOM TPUMECTPE.

MT-MMII pacronaraiorcss B OIpEIE/eH-
HBIX 00JACTAX OA3AIBHON MEMODPAHBL, II€ OHU
UIPAIOT AKTUBHYIO POJb B IEPULIEUIONAPHOM
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nporeonuse [29]. DTo0 uxX 0COOEHHOCTh, HEOD-
XOAUMAs JUIA TIPOLIECCA MHBA3UM TPO(POOIACTA.
JlevictBuTensHO, B NEpBOM TpumecTpe MT1-
MMII NOKanmu3yloTcs B GA3IbHON MEMOpAHE,
T.€. CTpyKType BKM, KOTOpas mozsepraercs Je-
rpajanuu npyu nporpeccun uHBasuu [30]. DKc-
npeccust roir MMIT B murorpodobacte co-
XPAHACTC HA MNPOTSDKEHUM  BCETO  IIEPBOTO
TpuMecTpa 6epeMeHHOCTH [31]. DKcnpeccus
MT1-MMII na6mopgaerca u B OBT [32-35], u B
NIEPUBACKY/IAPHBIX TPO(OOIACTAX, MUTPUPYIO-
KX B CIUPAJIbHbBIE apTepui [36, 37].

Cpem pyrux uneHoB cemerictsa MT-MMIT
TOMBKO MT2-MMII 3KCpeccupyercs B U301Mpo-
BAHHBIX TPO(OOIACTAX B IIEPBOM TPUMECTPE Ha
ypoBHAX, cxomubIx ¢ MT1-MMII [25, 38]. MT2-
MMIT npeuMyIIECTBEHHO 3KCIPECCUPYETCA B
OBT, u ¢ 6o1ee €1aboit HKCIPECCUEN — B BOPCUH-
9aThIX TPOPo6IACTaX [33, 39).

OfiHAKO, TOMUMO HHBA3UU IUTOTPODHOO-
JaCT4, B TIEPBOM TPUMECTPE OEPEMEHHOCTH
MT-MMII MOryT OBITb 32JI€MICTBOBAHEL U B JIPY-
TMX [POLECCAX IUIALEHTAPHOIO  PA3ZBUTHAL
MT1-MMII npogyuupyerca B (PETOIUIALEHTAP-
HBIX 3SHJIOTETUAIBHBIX KJIETKAX, 0OpPA3YIOMUX
TEPBBIE IUIALeHTapHbIe COCyab [40]. MT1-MMII
ABJAETCA KIIOUEBBIM 3BEHOM B JIETPAfIAlIUH
MATPUKCA BO BpeMd aHruorenesa [41], a ee 6mo-
KMPOBAHYUE CHIDKAET MOTEHIMAN (POPMUPOBA-
HUA CETH (DETOIVIALECHTAPHBIX 3H/OTETNANb-
HBIX KIETOK YENOBEK4, BBIICNEHHBIX U3 IUIA-
LEHTBl [IPU JIOHONIEHHON OepeMeHHOCTH [40],
410 NOATBEPAKAaeT ponb MT1-MMII B Heosa-
CKYJLIPU3ALNN WIA PAHHEM COCYAUCTOM Pa3BU-
TUU TUIALCHTBL

Bce MT-MMII, 3a wuckmodenvem MT6-
MMII, 3KCIpeccUpyloTcs B MEPBOM TPUMECTPE
B JenuayanbHol TKaHu. MT1- u MT4-MMII
IKCIPECCUPYIOTCA B OBT, ZOCTUrAIOMUX AELH-
JYAIPHOM TKAHM, 4 TAKKE B JCIUAYAJIbHBIX
(bUOPOOIACTAX U ECTECTBEHHBIX KWUIEPHBIX

KJIETKAX MAaTK{, KOHTPOJHUPYIOMUX IJyOUHY
MHBA3UU 1uToTpododmacrta. MT2-MMIT npe-
VIMYIIECTBEHHO IIPOAYLUPYETCA B  LUTOTPO-
(obnacre, Torga kak MT3- u MT5-MMII B oc-
HOBHOM JIOKAJIU3YIOTCA B ICLIAYAIBHBIX CTPO-
MATbHBIX — KHeTKax  [41). Ilpu  u3ydyenun
sxcnpeccun MT1-; MT2-) MT3- u MT5-MMII B
JELH/IYaIbHOM CEKPETOPHOM 3HIOMETPHUU OKa-
34J10Cb, YTO B JCLUAYATbHOM [APUETATBHOM 1
JCLMyaIbHOM  0a32IbHOM  3HIOMETPUM  BCE
yetbipe Buga MT-MMIT 6bin OOHAPYKEHBI BO
BCEX OTAEIAX JCLMIYAIbHON TKAHU, 4 TAKKE B
cuHIUTHOTpO(hodIacTe u OBT, pocTrraromux
0a3a/IbHOTO SHAOMETPUA [42].

1. ITnanenrapusie MT-MMIIC Bo BTOpOM
TpUMECTpe  GepeMEHHOCTH. 10 MOHATHBIM
IIPUYMHAM OTOOP IPOO BO BTOPOM TPUMECTPE
OEpPEMEHHOCTH B OCHOBHOM OBUI OCHOBAH HA
HEVHBA3UBHBIX METO/AX, TAKUX KAK CKPUHUHT
CBIBOPOTKH KPOBH M Y/IBTPA3BYKOBOE UCCIENO-
BaHue. COIIACHO JIMTEPATYPHBIM JJAHHBIM, U3Y-
YEHHBIE B 3TOT MEPUOJ IUIAlEHTapHblE MT-
MMIT ocratorcs HecnenuduuHpIMU. Bee TUrbl
MT-MMII, kpome MT6-MMII, 6buti O6HAPYIKE-
HBI B JICLIU/IyAIbHON TKAHU BO BTOPOM TPHUME-
CTpe 6epeMEHHOCTH [43).

2. ITnauenrtapueie MT-MMIIC B TperneM
TpuMectpe depemeHHoCTH. Bee Tursl MT-MMIT
OB OOHAPYKEHBI B IUIALIEHTE TPETHETO TPHU-
MecTpa bepeMeHHOCTH [4, 44-46]. D10 0CcOGEH-
HO yAMBUTENBHO 1t MT6-MMII, kotopas He
3KCIPECCUPYETCA B IUIALIEHTE B TEYEHHUE BTOPO-
IO TPUMECTPA OEPEMEHHOCTH.

B rtperem Tpumectpe MTI1-MMII 3kc-
IIPECCUPYETCA B HECKOJIBKUX THUIAX IUIALCH-
TAPHBIX KIETOK, BKIOYAA CUHIUTHOTPOPOO-
JIACT, BOPCUHYATHIA LUTOTPO(DOOIACT U 3HJO-
Teui (PETOILIATIEHTAPHBIX COCyIoB [39, 47).
Kax yxe yIIOMUHAJIOCH BBIIIE, IKCIICPUMEHTHI /77
vitro npeanonaraor pons MT1-MMII B ¢peron-
JIALEHTAPHOM aHruorenese [39]. MT2-, MT3-,
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MTS5- 1 MT6-MMII JIOKAIM30BAHbI B CUHIIATHO-
Tpoodnacre [13, 44], npu stom MT2-, MT3- u
MT5-MMII TaxxKe IPUCYICTBYIOT B BOPCHHYA-
TOM 1urorpoobnacre [4]. Hamporus, 3Kc-
npeccust MT4-MMIT Ha6mofanach npeumyle-
CTBEHHO B COCY/aX NyIIOBUHBI [48].

AHQJIOTMYHO UX 3KCIPECCHU B TIEPBOM U
BTOPOM TPUMECTPE OEPEMEHHOCTH, BCE THUIIBI
MT-MMII, 3a wuckmodeHneM MTO-MMII, 3Kc-
NPECCUPYIOTCA B JEIUYANTBHON TKAHU B Tede-
HUU Bcell b6epemeHHocTH [41]. MT-MMIT Tarcke
OBUIM WZICHTU(PUIMPOBAHBL B IUIOAHBIX 000-
JIOYKAX TIOCTE POJOB. 32 UCKIOYeHHeM MT3-
MMII, Bce tumsl MT-MMIT aKcnipeccupyrorcs B
amurone (49, 50].

3. Vsmenenna sxcrpeccun MT-MMIT B
ITALIEHTE BO BpeMs 6epeMEHHOCTH. EIrie 0HNM
BAKHBIM BOIPOCOM TIPU M3Y4EHUHU IUIAIIEHTAP-
HbIX MT-MMII, KOTOpBIA OBUT HEAOCTATOYHO
U3Y4EH, ABIAETCA IMHAMUKA UX 3KCIPECCUU BO
BpeMs OEPEMEHHOCTU. B MCCIEOBAHUN C UC-
TOJIb30BAHUEM MUKPOMATPHULL [51] 6bLIO MOKa-
34HO, YTO HECKONBKO T'€HOB, YYACTBYIONIUX B
PA3IMYHBIX OMOJIOTUYECKUX MPOIECCAX, TAKUX
KaK npomudepanyd, AuppepeHupoBKa U aH-
TMOT€HES KJIETOK, N0-PA3HOMY PETyIMPOBATUCH
B IUIAICHTE 4YEJIOBEKA B IIEPBOM M TPETHEM
TPUMECTPAX, HPUYEM OOJIBIIEE KOMUYECTBO
T€HOB, YY9ACTBYIOIIUX B 3TUX NPOLECCAX, OBUIN
BEPU(PUIMPOBAHBI B IUIALEHTAX NIEPBOTO TPHU-
MeCTpa GEPEMEHHOCTT.

B 1pyroM HCCIEIOBAHMM C M3YYEHHUEM
MUKPOMATPHL] ObUIA MPOAHATU3UPOBAHA 3KC-
npeccust reHa MT-MMII B nuToTpodo61acTax
U3 IUIAIIEHTBI TIEPBOTO TPUMECTPA U OBUIO TIO-
K432HO, YTO B PAHHKE CPOKH MOI'YT OBITh OOHA-
pyxeHbl TONbKO MT1- u MT2-MMP [25].

JlaHHBIE  MCCNIE/IOBAHUA, IPOBEICHHOTO
noy, pykosoactsoM J.E. Myers et al. ieMOHCTpU-
pytor ocobenHoctu 3kcnpeccun MT-MMIT nu-
TOTPO(OOIACTOB, BBIIEIECHHBIX N3 IUIALIEHTHI
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IIEPBOIO U TPETHEIO TPUMECTPOB IyTEM 0Opa-
OOTKY TKAHEN NEPKOJLALMOHHBIM I'PAJUEHTHBIM
LEHTPU(YTUPOBAHUEM U HMMMYHOIYPU(PUKA-
nuu [52, 53] U3 Bcex MT-MMIT tomsko MT1-
MMIT u MT2-MMII 3KCIpecCUpOBANUCH KK B
TIIEPBOM, TdK U B TPETHEM TPUMECTPAX, IIPUYEM
sxcnpeccus MT2-MMIT 6bu1a BbIIIE B EPBOM.
OTO M3MEHEHUE 3KCIPECCUM  IOJYEPKUBAET
(DYHKIMOHATBHOE PA3/IMYKUE NIEPBOTO U TPEThE-
IO TPUMECTPOB, IOCKOJIBKY, B OTIIMYHUE OT IEp-
BOIO, B TPETHEM HE INPOUCXOAUT IHIOBACKY-
JAPHOE PEMOJIENPOBAHUE [54].
Inauenmapnuoie MT-MMIIC npu oc-
JONCHEHUAX Oepemennocmu. XOpoHO Us-
BECTHO, YTO TSDKENBIE OCJIOKHEHNUA OEPEMEHHO-
CTH, CBI3aHHBIE C HEIMYOOKOM WM HAPYUIEH-
HOM  WHBA3WEW  IUTOTpOobIacTa U
PEMOZIETMPOBAHUEM  CIIUPAIBHBIX  APTEPHI,
Takue Kak npeswiamncud (I19) u 3apepxka
pocra mnoza (3PI), ABNAIOTCA CIEACTBUEM IIED-
BUYHONM  IUIALEHTAPHOM  HELOCTATOUHOCTH,
BO3HHUKAIOMIEN Hd PAHHUX CPOKAX GEPEMEHHO-
cru [28). Kmuanvecku Kax I19, Tak u 3PIT npo-
ABJIAIOTCA TOJIBKO BO BTOPOM U TPETHEM TPUME-
crpax [55]. Takum 06pa3om, B3auMocBa3bp MMII
¢ IID u 3PII B OCHOBHOM 4HAJMU3UPOBAIACH B
IVIALEHTAX TPETErO0 TPUMECTPA IIPU JOHO-
IIEHHBIX 1 HEJIOHOMEHHBIX OEPEMEHHOCTAX.
Vccneposanne  OMONTATOB BOPCHH  XO-
pUOHA JjaeT BO3MOKHOCTD aHAIM3UPOBATD ILIA-
LEHTAPHYIO TKAHb B NEPUOJ NOTEHIUAIBHON
(DYHKIIMOHATIBHON HEAOCTATOYHOCTU. OJIHAKO B
JIUTEPATYpE  BCTPEYAIOTCA  IPOTUBOPEUMBbIC
JAHHBIE O BO3MOXHOM ydacTuud MMII B reHese
Pas3BUTUA AKYLMIEPCKUX OCIOoXHEeHUI. Huisman
et al. [560] He OGHAPYKWIN PABTHIKIT B AKTHB-
Hocru MMII2 n MMII9 B 1uianieHTax mepBoro
TPUMECTPA C HOCIeAylomuM passutueM [1D
v 3PII 10 CPAaBHEHUIO € (PUUONOTUYECKUMU
OEpPEMEHHOCTAMH, HO 3TO UCCIENOBAHUE OBLIO
OIPAHUYEHO HEOOMBIINIM PA3MEPOM BEIOOPKL.
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Kpome TOro, B nyomvkanusix, MOCBAIICH-
HBIX M3YYEHHUIO IUIALEHTHI B TPETEM TPUMECTPE
OEPEMEHHOCTH, OOBIIMHCTBO METOJUK ObLIO
cocpeziotrodeHo Ha MMIT2 u MMIT9 [49, 57, 58].
HemHorue aBTOphl M3y4anu ponb Apyrux MT-
MMIIL Tax, 6bUIO MOKA31HO CHWKEHWE YPOBHA
MPHK MT1-MMII nipu 3PIT 10 CpaBHEHUIO C TEM
K€ TECTALMOHHBIM BO3PACTOM, HO COOTBETCT-
BYIOIIMM 3[0POBBIM KOHTPOJIBHBIM I'PYIIIAM [55].
Ot namenenus npu 3PI1 MOryr ObITb OIpaHU-
yeHpl MT1-MMP, nockonbky MT2-) MT3-u MT5-
MMIT ocrarorca nensmenusivu pu 3PI1 OznHa-
KO JUIA TOTO, YTOOBI C/IENIATh YOEUTENBHBIE BbI-
BOJIBL, TPEOYETCA GOIBIIE /JAHHBIX.

[Ipu I1D ypoBeHb mrateHTapHOM MT6-
MMII chmkaercs [43], Torga kak MT2-MMIT [42,
59] u MT4-MMII [43] - nosbimaorcd. [lo-
CKONMbKy MT4-MMII y4acTByeT B aHIMOTEHE3E,
€r0 PEryAyd MOKET ObITh KOMIIEHCATOPHBIM
MEXAHU3MOM JIIA TIPEOJJONIEHNS TUIOXOTO KPO-
BOCHA0KEHUA IUIOJA IPU TUNEPBACKYILIPU3-
Uy IaneHTs [43]. Poms MT-MMII B natono-
i [1D MOKET BKIIOYATh UX (PYHKIMIO PACIIe-
IJIEHUA M, CJIEIOBATENbHO, AKTUBALMU WU
MHAKTUBALMK [UPKYIUPYIOMUX  CyOCTPATOB.
Hanpumep, pacrsopumbiil 3ngormun  (SEng),
pactsopumas ¢popma penenropa TGF-B, nosbl-
maercst mpu 19 [60].

TakuM 06pa3oM, IPOTUBONIOCTABAA KOH-
LENIMIO O TOM, YTO HENOMHOLCHHAA IUTAIEH-
TAIMSA MOXKET OBIThb CBf3aHA C Oojee HHU3KOM
skcnpeccueit MMII, Hekotopwle Tumbl MT-
MMII moryr nosbimarscs npu 11D u 3PIT B
TPETHEM TPUMECTPE OEPEMEHHOCTH. DTO MOKET
IPECTABIATE COOON KOMIIEHCATOPHBIA MEXa-
HU3M JUI1 IPEOJONEHUA HAPYIIEHUN IUIALEH-
TAIAY BCJIEACTBUE HAPyIIEHUA perymauun MT-
MMII B iepBoM TpumecTpe 6epemeHHOCTH [61].

Jlnaber BO BpeMs OEPEMEHHOCTH CBA3AH
KAK C TOBBIMECHHBIM PUCKOM passurTust 19 [62),
Tak 1 ¢ 3PII, 4TO NpeAnoIaraeT HeJOCTaTOu-

HOCTb MHBA3UM IUIALIEHTHL. KpoMme Toro, Iua-
LIEHTA TIPU CaXapHOM JMA0ETE XAPAKTEPHU3YET-
CSL THIIEpBACKy/spr3anueit [63]. CoOTBETCTBEH-
HO, IIPU CAXAPHOM MA0ETE BOHUKAET IUCOA-
nanc MMIL. MT1-MMII noBblmaeTcs B NEPBOM
TPUMECTPA Y JKEHIIMH C CAXAPHBIM AMAOETOM
1-ro THIA, ¥ B OCHOBE 3TOTO HAOJIOACHUA MO-
KET JIeKaTh axkruBanua Ttpogobmacra MTI1-
MMIT wuncymunom, UPP-1; UOP-2 u OHO-a
[25]. B murepatype Takke ObUIO ONMCAHO II0-
Bpimenre MT1-MMP B TpeTbeM TpumecTpa Oe-
PEMEHHOCTH MPU TECTALMOHHOM CAXdPHOM
AnabeTe, 4to OOBACHAETCA YBEMMYECHUEM dK-
TUBHOCTU MHCYIMHA U VDP-2 B 3Hp0TE/IMAb-
HBIX KIeTKax [39]. Hanporus, MT1-MMII cuu-
JKAETCS Y JKEHITUH C OXUPEHUeM [64], 4to cBuU-
JETENbCTBYET O CJIOKHOM — B3aUMOJCHCTBUU
MEXIy (PAKTOPAMH, CBA3AHHBIMU C IUAOETOM U
OKUPEHUEM, KOTOPBIE B KOHEYHOM CUETE OIIPeE-
aensior yposenb MT1-MMII u tpedyror gonon-
HUTEIBHOTO U3YYCHHYAL.

OXUpeHne aCCOLUUPYETCA C IOBBIIIEH-
HBIM PHCKOM OCJIOKHEHMH OEPEMEHHOCTH, Ta-
KUX KaK IPEXIEBPEMEHHbIE POfbL, [10, MepTBO-
pOXzicHUA. B KPBICHHO!N MOJIe/IN, MUMUTHPYIO-
e MATEPUHCKOE OXHMPEHHUE, HAOMOIAI0Ch
HAPYIIEHUE WHBA3UM LUTOTPO(POOIACTA U pe-
MOJENMPOBAHNA KPOBEHOCHBIX COCYAOB [31].
JIENTHH TaKKe MOKET MOAYIMPOBATH IKCIIPEC-
CHIO IIALCHTapHOM MOJIeKy/sl ECM89 u pery-
7UpoBath dKcrpeccuo MT1-MMII B yenoseue-
ckux OBT [31]. OnHAKO HEOOXOAMMBI JOTIONHHU-

TEAbHBIC — WCCIENOBAHMA Il BBIABICHUA
CBA3AHHBIX C OXUPEHUEM (DAKTOPOB, PETy/In-
pyromux MT-MMIL

Okcnpeccus MT-MMIT Takxke M3MeHAETCA
IPYU HAPYIIEHNUAX SHIOMETPUA Y MALUEHTOK C
IPYUBBIYHBIM HEBBIHAMMBAHUEM. [l€INyaIbHAS
sxcnpeccus MT2-u MT5-MMIIT nosslmaercs B
JELUYAIbHON TKAHU IPY CAMOIIPOU3BOJIBLHOM
BBIKI/IBIIIE B IIEPBOM TPUMECTPE, 4 YPOBEHb
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MT4-MMII cHrKaeTcs IpU PEKAEBPEMEHHOM
Pa3pbIBe IIOAHBIX OOOJIOYEK 1O CPABHEHHUIO C
JIOHOIIEHHOM IIALIEHTOM [45].
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HAPYLICHUIL

BUBIUOTPA@UYECKUN CIIUCOK

1. Lu P, Takai K., Weaver V.M., Werb Z.
Extracellular matrix degradation and remodel-
ing in development and disease. Cold Spring
Harbor Perspect Biol 2011; 3: 0050-0058.

2. Forbes K, Westwood M. Maternal
growth factor regulation of human placental
development and fetal growth. J Endocrinol
2010; 207 (1): 1-16.

3. Bischof P., Meisser A., Campana A. Bio-
chemistry and molecular biology of trophoblast
invasion. Ann N'Y Acad Sci 2001; 943: 157-162.

4. YanY, FangL, LiY, YuY, LiY., Cheng].C.,
Sun Y.P. Association of MMP2 and MMP9 gene
polymorphisms with the recurrent spontaneous
abortion: A meta-analysis. Gen 2021; 767:
145-173.

5. Zbu J., Zhong M., Pang Z., Yu Y.
Dysregulated expression of matrix
metalloproteinases and their inhibitors may

84

participate in the pathogenesis of pre-eclampsia
and fetal growth restriction. Early Hum Dev
2014; 90 (10): 657-6064.

6. Coben M., Meisser A, Bischof P.
Metalloproteinases and human placental inva-
siveness. Placenta 2000; 27 (8): 783-793.

7. Seiki M. Membrane-type matrix metal-
loproteinases. APMIS 1999; 107 (1): 137-143.

8. Hupperiz B., Kertschanska S., Demir AY.,
Frank H.G., Kaufmann P. Immunohistochemis-
try of matrix metalloproteinases (MMP), their
substrates, and their inhibitors (TIMP) during
trophoblast invasion in the human placenta.
Cell Tissue Res 1998; 291 (1): 133-148.

9. Hernandez-Barrantes S., Bernardo M.,
Toth M., Fridman R. Regulation of membrane
type-matrix metalloproteinases. Semin Cancer
Biol 2002; 12 (2): 131-138.

10. Isaka K., Usuda S., Ito H., Sagawa Y.,
Nakamura H., Nishi H., Suzuki Y., Li Y.F,
Takayama M. Expression and activity of matrix
metalloproteinase 2 and 9 in  human
trophoblasts. Placenta 2003; 24 (1): 53-64.

11. SevalY., Akkoyuniu G., Demir R., Asar M.
Distribution patterns of matrix metalloprotein-
ase (MMP)-2 and -9 and their inhibitors (TIMP-
1 and TIMP-2) in the human decidua during
early pregnancy. Acta Histochem 2004; 106 (5):
353-362.

12. Nagase H., Visse R., Murphy G. Struc-
ture and function of matrix metalloproteinases
and TIMPs. Cardiovasc Res. 2006; 69 (3):
502-573.

13. Itob Y. Membrane-type matrixmetal-
loproteinases: Their functions and regulations.
Matrix Biol 2015; 44-46: 207-223.

14. Sela-Passwell N., Rosenblum G.,
Shobam T., Sagi I Structural and functional ba-
ses for allosteric control of MMP activities: can it
pave the path for selective inhibition? Biochim
Biophys Acta 2010; 1803 (1): 29-38.



[TepmMCKuin MeANLUHCKIIA XypHan

2021 Tom XXXVIII Ne 5

15. Sobail A., Marco M., Zbhao H., Shi Q.,  J.L. et al. Processing of tumour necrosis factor-a

Merriman S., Mobashery S., Fridman R. Charac-
terization of the dimerization interface of
membrane type 4 (MT4)-matrix metallopro-
teinase. J Biol Chem 2011; 286 (38): 33178-
33189.

16. Marco M., Fortin C., Fulop T. Mem-
brane-type matrix metalloproteinases: key me-
diators of leukocyte function. ] Leukoc Biol
2013; 94 (2): 237-240.

17. Sobail A, Sun Q., Zhao H., Bernardo MM,
Cho J.A., Fridman R. MT4-(MMP17) and MT6-
MMP (MMP25), A unique set of membrane-
anchored matrix metalloproteinases: properties
and expression in cancer. Cancer Metastasis Rev
2008; 27 (2): 289-302.

18. Visse R, Nagase H. Matrix metallo-
proteinases and tissue inhibitors of metallo-
proteinases: structure, function, and biochemis-
try. Circ Res 2003; 92(8): 827-830.

19. Loffek S, Schilling O., Franzke C.W.
Series “matrix metalloproteinases in lung health
and disease” Biological role of matrix
metalloproteinases: a critical balance. Eur Respir
J2011; 38 (1): 191-208.

20. Kemp B., Kertschanska S., Kadyrov M.,
Rath W., Kaufmann P., Hupperiz B. Invasive
depth of extravillous trophoblast correlates
with cellular phenotype: a comparison of intra-
and extrauterine implantation sites. Histochem
Cell Biol 2002; 117 (5): 401-414.

21. English W.R., Puente X.S., Frejje J.).,
Knauper V., Amour A., Merryweather A., Lopez-
Otin C., Murphy G. Membrane type 4 matrix
metalloproteinase (MMP17) has tumor necrosis
factor- a convertase activity but does not acti-
vate pro-MMP2. J Biol Chem 2000; 275 (19):
14046-14055.

22. Gearing AJ., Beckett P., Christodoulou M.,
Churchill M., Clements |, Davidson A.H., Drum-
mond A.H., Galloway W.A., Gilbert R., Gordon

precursor by metalloproteinases. Nature 1994,
370 (6490): 555-557.

23. Sounni N.E., Paye A., Host L., Noel A.
MT-MMPS as Regulators of Vessel Stability Asso-
ciated with Angiogenesis. Front Pharmacol
2011;2: 111-117.

24. Cheng J.C., Chang H.M., Leung P.C.
Transforming growth factor-betal inhibits
trophoblast ~ cell ~invasion by inducing
Snailmediated downregulation of vascular en-
dothelial-cadherin protein. J Biol Chem 2013;
288 (40): 33181-33192.

25. Hiden U., Wadsack C., Prutsch N.,
Gauster M., Weiss U., Frank H.G., Schmitz U.,
Fast-Hirsch C., Hengstschlfager M., Pfotgens A. et
al. The first trimester human trophoblast cell
line ACH-3P: a novel tool to study
autocrine/paracrine regulatory loops of human
trophoblast subpopulations—TNF-a stimulates
MMPI15 expression. BMC Dev Biol 2007, 7:
137-145.

26. Bauer S., Pollbeimer ]., Hartmann ].,
Husslein P., Aplin ].D., Knofler M. Tumor necro-
sis factor-a inhibits trophoblast migration
through elevation of plasminogen activator in-
hibitor-1 in first-trimester villous explant cul-
tures. J Clin Endocrinol Metab 2004; 89 (2):
812-822.

27. Renaud S.J., Postovit L.M., Macdonald-
Goodfellow S.K., McDonald G.T., Caldwell |.D.,
Grabam C.H. Activated macrophages inhibit
human cytotrophoblast invasiveness in vitro.
Biol Reprod 2005; 73 (2): 237-243.

28. Whitley G.S., Cartwright J.E. Cellular
and molecular regulation of spiral artery re-
modelling: lessons from the cardiovascular field.
Placenta 2010; 31 (6): 465-474.

20. Sternlicht M.D., Werb Z. How matrix
metalloproteinases regulate cell behavior. Annu
Rev Cell Dev Biol 2001; 17: 463-516.

85



OB30P JIMTEPATYPbI

30. Patel A., Dash P.R. Formation of atyp-
ical podosomes in extravillous trophoblasts
regulates extracellularmatrix degradation. Eur J
Cell Biol 2012; 91(3): 171-179.

31. Xu P., Wang Y., Piao Y., Bai §.,
Xiao Z., Jia Y., Luo S., Zbuang L. Effects of ma-
trix proteins on the expression of matrix metal-
loproteinase-2, -9, and -14 and tissue inhibi-
tors of metalloproteinases in  human
cytotrophoblast cells during the first trimester.
Biol Reprod 2001; 65 (1): 240-246.

32. Francis V.A, Abera AB., Matjila M.,
Millar RP., Katz A.A. Kisspeptin regulation of
genes involved in cell invasion and angiogenesis
in first trimester human trophoblast cells. PloS
One 2014; 9 (6): 99680.

33. Harris LK, Smith S.D., Keogh R].,
Jones RL., Baker P.N., Knofler M., Cartwright J.E.,
Whitley G.S., Aplin J.D. Trophoblast- and vascu-
lar smooth muscle cell-derived MMP-12 medi-
ates elastolysis during uterine spiral artery
remodeling. Am ] Pathol 2010; 177(4):
2103-2115.

34. Onogi A, Naruse K., Sado T., Tsunemi T,
Shigetomi H., Noguchi T., Yamada Y., Akasaki M.,
Oi H., Kobayashi H. Hypoxia inhibits invasion
of extravillous trophoblast cells through reduc-
tion of matrix metalloproteinase (MMP)-2 acti-
vation in the early first trimester of human
pregnancy. Placenta 2011; 32(9): 665-670.

35. Tarrade A., Goffin F., Munaut C., Lai-
Kuen R., Tricottet V., Foidart |.M., Vidaud M.,
Frankenne F., Evain-Brion D. Effect of matrigel
on human extravillous trophoblasts differentia-
tion: modulation of protease pattern gene ex-
pression. Biol Reprod 2002; 67(5): 1628-1637.

36. Hurskainen T., Seiki M., Apte S.S.,
Syrjakallio-Ylitalo M., Sorsa T., Oikarinen A,
Autio-Harmainen H. Production ofmembra-
netype matrix metalloproteinase-1 (MT-MMP-
1) in early human placenta. A possible role in

86

placental implantation? ] Histochem Cytochem
1998; 46(2): 221-229.

37. Bjorn S.F., Hastrup N., Larsen J.F.
Lund LR., Pyke C. Messenger RNA for mem-
brane-type 2 matrix metalloproteinase, MT2-
MMP, is expressed in human placenta of first
trimester. Placenta 2000; 21 (2-3): 170-176.

38. Pollbeimer J., Fock V., Knofler M. Re-
view: the ADAM metalloproteinases — novel
regulators of trophoblast invasion? Placenta
2014; 35: S57-63.

39. Hiden U., Lassance L., Tabrizi N.G.,
Mied] H., Tam-Amersdorfer C., Cetin L, Lang U.,
Desoye G. Fetal insulin and IGF-II contribute to
gestational diabetes mellitus (GDM)-associated
up-regulation of membrane-type matrix metal-
loproteinase 1 (MT1-MMP) in the human feto-
placental endothelium. J Clin Endocrinol Metab
2012;97 (10): 3613-3621.

40. Chun T.H., Sabeb F., Ota I, Murphy H.,
McDonagh K.T., Holmbeck K., Birkedal-Hansen H.,
Allen E.D., Weiss §.J. MT1-MMP-dependent
neovessel formation within the confines of the
three-dimensional extracellular matrix. J Cell
Biol 2004; 167 (4): 757-767.

41. Anacker |., Segerer S.E., Hagemann C.,
Feix S., Kapp M., Bausch R., Kfammerer U. Hu-
man decidua and invasive trophoblasts are rich
sources of nearly all human matrix
metalloproteinases. Mol Hum Reprod 2011; 17
(10): 637-652.

42. Kaitw'u-Lino TJ., Tuobey L., Ye L.,
Palmer K., Skubisz M., Tong S. MT-MMPs in pre-
eclamptic placenta: relationship to soluble
endoglin production. Placenta 2013; 34 (2):
168-173.

43, Kaitw'u-Lino T.]., Palmer K.R., While-
head C.L., Williams E., Lappas M., Tong S. MMP-
14 is expressed in preeclamptic placentas and
mediates release of soluble endoglin. Am ]
Pathol 2012; 180 (3): 888-894.



[TepmMCKuin MeANLUHCKIIA XypHan

2021 Tom XXXVIII Ne 5

44.  Kaitwu-Lino TJ., Palmer K., Tuobey L.,
Ye L, Tong S. MMP-15 is upregulated in
preeclampsia, but does not cleave endoglin to
produce soluble endoglin. PloS One 2012; 7 (6):
39864.

45. Fortunato S.J., Menon R., Lombardi S,].
Expression of a progelatinase activator (MT1-
MMP) in human fetal membranes. Am ] Reprod
Immunol 1998; 39 (5): 316-322.

46. Fortunato S.J., Menon R. Screening of
novel matrix metalloproteinases (MMPs) in
human fetal membranes. J Assist Reprod Genet
2002; 19 (10): 483-486.

47. Sitras V., Fenton C., Paulssen R.
Vartun A., Acharya G. Differences in gene ex-
pression between first and third trimester hu-
man placenta: a microarray study. PloS One
2012; 7 (3): 33294,

48. Kalkunte S., Lai Z., Tewari N., Chich-
ester C., Romero R., Padbury J., Sharma §S. In
vitro and in vivo evidence for lack of endovas-
cular  remodeling by third  trimester
trophoblasts. Placenta 2008; 29 (10): 871-878.

49. De Vivo A., Baviera G., Giordano D.,
Todarello G., Corrado F., D’Anna R. Endoglin,
PIGF and sFlt-1 as markers for predicting pre-
eclampsia. Acta Obstet Gynecol Scand 2008; 87
(8): 837-842.

50. Huisman M.A., Timmer A., Zeinstra M.,
Serlier E.K., Hanemaaijer R., Goor H., Erwich J.J.
Matrix-metalloproteinase activity in first tri-
mester placental bed biopsies in further compli-
cated and uncomplicated pregnancies. Placenta
2004; 25 (4): 253-258.

51. Galewska 7., Romanowicz L.,
Jaworski S., Bankowski E. Gelatinase matrix
metalloproteinase (MMP)-2 and MMP-9 of the
umbilical cord blood in preeclampsia. Clin
Chem Lab Med 2008; 46(4): 517-522.

52. Shokry M., Omran O.M., Hassan H.1L,
Elsedfy G.O., Hussein M.R. Expression of matrix

metalloproteinases 2 and 9 in  human
trophoblasts of normal and preeclamptic pla-
centas: preliminary findings. Exp Mol Pathol
2009, 87 (3): 219-225.

53. Myers J.E., Merchant S.J., Macleod M.,
Mires G.J., Baker P.N., Davidge S.T. MMP-2 lev-
els are elevated in the plasma of women who
subsequently develop preeclampsia. Hypertens
Pregnancy 2005; 24 (2): 103-115.

54. PangZ.]., Xing. FQ. Expression profile
of trophoblast invasion- associated genes in the
pre-eclamptic placenta. Br J Biomed Sci 2003;
00 (2): 97-101.

55. Venkatesha S., Toporsian M., Lam C.,
Hanai |., Mammoto T., Kim Y.M., Bdolah Y.,
Lim KH., Yuan H.T., Libermann T.A. et al. Solu-
ble endoglin contributes to the pathogenesis of
preeclampsia. Nat Med 2006; 12 (6): 642-649.

56. Palei AC., Granger ].P., Tanus-Santos J.E.
Matrix metalloproteinases as drug targets in
preeclampsia. Curr Drug Targets 2013; 14 (3):
325-334.

57. Weissgerber T.L., Mudd L.M. Preeclamp-
sia and diabetes. Curr Diab Rep 2015; 15 (3): 9.

58. Setji T.L., Brown AJ., Feinglos M.N.
Gestational Diabetes Mellitus. Clin Diab 2005;
23 (1): 17-24.

59.  Lamminpaa R, Vebviainen-Jullkunen K,
Gissler M., Selander T., Heinonen S. Pregnancy
outcomes of overweight and obese women aged
35 years or older — A registry- based study in Fin-
land. Obes Res Clin Pract 2015.

00. Hayes E.K., Tessier D.R., Percival M.E.,
Holloway A.C., Petrik J.J., Gruslin A., Raba .
Trophoblast invasion and blood vessel remodel-
ing are altered in a rat model of
lifelongmaternal obesity. Reprod Sci 2014; 21
(5): 648-657.

61. White V., Gonzalez E., Capobianco E.,
Pustovrb C., Martinez N., Higa R., Baier M.,
Jawerbaum A. Leptin modulates nitric oxide

87



OB30P JIMTEPATYPbI

production and lipid metabolism in human pla-
centa. Reprod Fertil Dev 2006; 18 (4): 425-432.

62. Castellucci M., De Matteis R., Meisser A.,
Cancello R, Monsurro V., Islami D., Sarzani R,
Marzioni D., Cinti S., Bischof P. Leptin modu-
lates extracellular matrix molecules and
metalloproteinases: possible implications for
trophoblast invasion. Mol Hum Reprod 2000; 6
(10): 951-958.

03. Wang H., Cheng H., Shao Q., Dong Z.,
Xie Q., Zbao L., Wang Q., Kong B., Qu X. Leptin-
promoted human extravillous trophoblast inva-
sion is MMP14 dependent and requires the
cross talk between Notchl and PI3K/Akt signal-
ing. Biol Reprod 2014; 90 (4): 78.

04.  Plaisier M., Dennert L, Rost E., Koolwijk P,
van Hinsbergh V.W., Helmerhorst F.M. Decidual
vascularization and the expression of
angiogenic growth factors and proteases in first
trimester spontaneous abortions. Hum Reprod
2009; 24 (1): 185-197.

REFERENCES

1. Lu P, Takai K., Weaver V.M., Werb Z.
Extracellular matrix degradation and remodel-
ing in development and disease. Cold Spring
Harbor Perspect Biol 2011; 3: 0050-0058.

2. Forbes K., Westwood M. Maternal
growth factor regulation of human placental
development and fetal growth. | Endocrinol
2010; 207 (1): 1-16.

3. Bischof P., Meisser A., Campana A. Bio-
chemistry and molecular biology of trophoblast
invasion. Ann N'Y Acad Sci 2001; 943: 157-162.

4. YanY, FangL, LiY, Yu Y, LiY., Cheng].C.,
Sun Y.P. Association of MMP2 and MMP9 gene pol-
ymorphisms with the recurrent spontaneous abor-
tion: A meta-analysis. Gen 2021; 767: 145-173.

5. Zbu J., Zhong M., Pang Z., Yu Y.
Dysregulated expression of matrix metallopro-

88

teinases and their inhibitors may participate in
the pathogenesis of pre-eclampsia and fetal
growth restriction. Early Hum Dev 2014;
90(10): 657-604.

0. Coben M., Meisser A., Bischof P.
Metalloproteinases and human placental inva-
siveness. Placenta 2006; 27 (8): 783-793.

7. Seiki M. Membrane-type = matrix
metalloproteinases. APMIS 1999, 107(1): 137-143.

8. Hupperiz B., Kerischanska S., Demir AY.,
Frank H.G., Kaufmann P. Immunohistochemis-
try of matrix metalloproteinases (MMP), their
substrates, and their inhibitors (TIMP) during
trophoblast invasion in the human placenta.
Cell Tissue Res 1998; 291 (1): 133-148.

9. Hernandez-Barrantes S., Bernardo M.,
Toth M., Fridman R. Regulation of membrane
type-matrix metalloproteinases. Semin Cancer
Biol 2002; 12 (2): 131-138.

10. Isaka K., Usuda S., Ito H., Sagawa Y.,
Nakamura H., Nishi H., Suzuki Y., Li Y.F,
Takayama M. Expression and activity of matrix
metalloproteinase 2 and 9 in  human
trophoblasts. Placenta 2003; 24 (1): 53-64.

11. Seval Y., Akkoyunlu G., Demir R., Asar
M. Distribution patterns of matrix metallopro-
teinase (MMP)-2 and -9 and their inhibitors
(TIMP-1 and TIMP-2) in the human decidua
during early pregnancy. Acta Histochem 2004;
106 (5): 353-362.

12. Nagase H., Visse R., Murphy G. Structure
and function of matrix metalloproteinases and
TIMPs. Cardiovasc Res 2000, 69 (3): 562-573.

13. Iiob Y. Membrane-type matrixmetal-
loproteinases: Their functions and regulations.
Matrix Biol 2015; 44-46: 207-223.

14. Sela-Passwell N., Rosenblum G.,
Shobam T., Sagi I Structural and functional ba-
ses for allosteric control of MMP activities: can it
pave the path for selective inhibition? Biochim
Biophys Acta 2010; 1803 (1): 29-38.



[TepmMCKuin MeANLUHCKIIA XypHan

2021 Tom XXXVIII Ne 5

15. Sobail A., Marco M., Zhao H., Shi Q.,
Merriman S., Mobashery S., Fridman R. Charac-
terization of the dimerization interface of
membrane type 4 (MT4)-matrix metallopro-
teinase. / Biol Chem 2011; 286 (38): 33178-
33189.

16. Marco M., Fortin C., Fulop T. Mem-
brane-type matrix metalloproteinases: key me-
diators of leukocyte function. J Leukoc Biol
2013; 94 (2): 237-240.

17. Sobail A., Sun Q., Zhao H., Bernardo MM,
Cho J.A.,, Fridman R. MT4-(MMP17) and MT6-
MMP (MMP25), A unique set of membrane-
anchored matrix metalloproteinases: properties
and expression in cancer. Cancer Metastasis Rev
2008; 27 (2): 289-302.

18. Visse R, Nagase H.  Matrix
metalloproteinases and tissue inhibitors of
metalloproteinases: structure, function, and bio-
chemistry. Circ Res 2003; 92 (8): 827-8309.

19. Ldffek S., Schilling O., Franzke C.W.
Series “matrix metalloproteinases in lung health
and disease” Biological role of matrix
metalloproteinases: a critical balance. Eur Respir |
2011; 38 (1): 191-208.

20. Kemp B., Kertschanska S., Kadyrov M.,
Rath W., Kaufmann P., Hupperiz B. Invasive
depth of extravillous trophoblast correlates
with cellular phenotype: a comparison of intra-
and extrauterine implantation sites. Histochem
Cell Biol 2002; 117 (5): 401-414.

21. English W.R., Puente X.S., Frejje J.).,
Knauper V., Amour A., Merryweather A., Lopez-
Otin C., Murphy G. Membrane type 4 matrix
metalloproteinase (MMP17) has tumor necrosis
factor- a convertase activity but does not acti-
vate pro-MMP2. | Biol Chem 2000; 275 (19):
14046-14055.

22, Gearing AJ., Beckett P., Christodoulou M.,
Churchill M., Clements |, Davidson A.H., Drum-
mond A.H., Galloway W.A., Gilbert R., Gordon J.L.

et al. Processing of tumour necrosis factor-a
precursor by metalloproteinases. Nature 1994,
370 (6490): 555-557.

23. Sounni N.E., Paye A., Host L., Noel A.
MT-MMPS as Regulators of Vessel Stability Asso-
ciated with Angiogenesis. Front Pharmacol
2011;2: 111-117.

24. Cheng J.C., Chang H.M., Leung P.C.
Transforming growth factor-betal inhibits
trophoblast ~ cell ~invasion by inducing
Snailmediated downregulation of vascular en-
dothelial-cadherin protein. | Biol Chem 2013;
288 (40): 33181-33192.

25. Hiden U., Wadsack C., Prutsch N.,
Gauster M., Weiss U., Frank H.G., Schmitz U.,
Fast-Hirsch C., Hengstschlfager M., Pfotgens A. et
al. The first trimester human trophoblast cell
line ACH-3P: a novel tool to study
autocrine/paracrine regulatory loops of human
trophoblast subpopulations—TNF-a stimulates
MMP15 expression. BMC Dev Biol 2007; 7:
137-145.

26. Bauer S., Pollbeimer ]., Hartmann ].,
Husslein P., Aplin |.D., Knofler M. Tumor necro-
sis factor-a inhibits trophoblast migration
through elevation of plasminogen activator in-
hibitor-1 in first-trimester villous explant cul-
tures. / Clin Endocrinol Metab 2004; 89 (2):
812-822.

27. Renaud S.J., Postovit L.M., Macdon-
ald-Goodfellow S.K., McDonald G.T., Caldwell
J.D., Grabam C.H. Activated macrophages in-
hibit human cytotrophoblast invasiveness in
vitro. Biol Reprod 2005; 73 (2): 237-243.

28. Whitley G.S., Cartwright J.E. Cellular
and molecular regulation of spiral artery re-
modelling: lessons from the cardiovascular field.
Placenta 2010; 31 (6): 465-474.

20. Sternlicht M.D., Werb Z. How matrix
metalloproteinases regulate cell behavior. Annu
Rev Cell Dev Biol 2001; 17: 463-516.

89



OB30P JIMTEPATYPbI

30. Patel A., Dash P.R. Formation of atyp-
ical podosomes in extravillous trophoblasts
regulates extracellularmatrix degradation. Eur |
Cell Biol 2012; 91(3): 171-179.

31. Xu P., Wang Y., Piao Y., Bai §.,
Xiao Z., Jia Y., Luo S., Zbuang L. Effects of ma-
trix proteins on the expression of matrix metal-
loproteinase-2, -9, and -14 and tissue inhibi-
tors of metalloproteinases in  human
cytotrophoblast cells during the first trimester.
Biol Reprod 2001; 65 (1): 240-246.

32. Francis V.A, Abera AB., Matjila M.,
Millar RP., Katz A.A. Kisspeptin regulation of
genes involved in cell invasion and angiogenesis
in first trimester human trophoblast cells. PloS
One 2014; 9 (6): 99680.

33. Harris LK, Smith S.D., Keogh R].,
Jones RL., Baker P.N., Knofler M., Cartwright J.E.,
Whitley G.S., Aplin J.D. Trophoblast- and vascu-
lar smooth muscle cell-derived MMP-12 medi-
ates elastolysis during uterine spiral artery re-
modeling. Am | Pathol 2010, 177(4):
2103-2115.

34. Onogi A, Naruse K., Sado T., Tsunemi T,
Shigetomi H., Noguchi T., Yamada Y., Akasaki M.,
Oi H., Kobayashi H. Hypoxia inhibits invasion of
extravillous trophoblast cells through reduction of
matrix metalloproteinase (MMP)-2 activation in the
early first trimester of human pregnancy. Placenia
2011; 32(9): 665-670.

35. Tarrade A., Goffin F., Munaut C., Lai-
Kuen R., Tricottet V., Foidart |.M., Vidaud M.,
Frankenne F., Evain-Brion D. Effect of matrigel
on human extravillous trophoblasts differentia-
tion: modulation of protease pattern gene ex-
pression. Biol Reprod 2002; 67(5): 1628-1637.

36. Hurskainen T., Seiki M., Apte S.S.,
Syrjakallio-Ylitalo M., Sorsa T., Oikarinen A,
Autio-Harmainen H. Production ofmembranetype
matrix metalloproteinase-1 (MT-MMP-1) in
early human placenta. A possible role in placen-

90

tal implantation? J Histochem Cytochem 1998;
46(2): 221-229.

37. Bjorn S.F., Hastrup N., Larsen J.F.
Lund LR., Pyke C. Messenger RNA for mem-
brane-type 2 matrix metalloproteinase, MT2-
MMP, is expressed in human placenta of first
trimester. Placenta 2000; 21 (2-3): 170-176.

38. Pollbeimer J., Fock V., Knofler M. Re-
view: the ADAM metalloproteinases — novel
regulators of trophoblast invasion? Placenta
2014; 35: S57-63.

39. Hiden U., Lassance L., Tabrizi N.G.,
Mied] H., Tam-Amersdorfer C., Cetin L, Lang U.,
Desoye G. Fetal insulin and IGF-II contribute to
gestational diabetes mellitus (GDM)-associated
up-regulation of membrane-type matrix metal-
loproteinase 1 (MT1-MMP) in the human feto-
placental endothelium. J Clin Endocrinol Metab
2012; 97 (10): 3613-3621.

40. Chun T.H., Sabeb F., Ota I, Murphy H.,
McDonagh K.T., Holmbeck K., Birkedal-Hansen
H., Allen E.D., Weiss S.J]. MT1-MMP-dependent
neovessel formation within the confines of the
three-dimensional extracellular matrix. J Cell
Biol 2004; 167 (4): 757-767.

41. Anacker |., Segerer S.E., Hagemann C.,
Feix S., Kapp M., Bausch R., Kfammerer U.
Human decidua and invasive trophoblasts are
rich sources of nearly all human matrix
metalloproteinases. Mol Hum Reprod 2011; 17
(10): 637-652.

42. Kaitw'u-Lino TJ., Tuobey L., Ye L.,
Palmer K., Skubisz M., Tong S. MT-MMPs in pre-
eclamptic placenta: relationship to soluble
endoglin production. Placenta 2013; 34 (2):
168-173.

43, Kaitw'u-Lino T.]., Palmer K.R., While-
head C.L., Williams E., Lappas M., Tong S. MMP-
14 is expressed in preeclamptic placentas and
mediates release of soluble endoglin. Am J
Pathol 2012; 180 (3): 888-894.



[TepmMCKuin MeANLUHCKIIA XypHan

2021 Tom XXXVIII Ne 5

44.  Kaitwu-Lino TJ., Palmer K., Tuobey L.,
Ye L, Tong S. MMP-15 is upregulated in
preeclampsia, but does not cleave endoglin to
produce soluble endoglin. PloS One 2012; 7 (6):
39864.

45. Fortunato S.J., Menon R., Lombardi ..
Expression of a progelatinase activator (MT1-
MMP) in human fetal membranes. Am | Reprod
Immunol 1998; 39 (5): 316-322.

46. Fortunato S.J., Menon R. Screening of
novel matrix metalloproteinases (MMPs) in
human fetal membranes. | Assist Reprod Genet
2002; 19 (10): 483-486.

47. Sitras V., Fenton C., Paulssen R.
Vartun A., Acharya G. Differences in gene ex-
pression between first and third trimester hu-
man placenta: a microarray study. PloS One
2012;7 (3): 33294,

48. Kalkunte S., Lai Z., Tewari N., Chich-
ester C., Romero R., Padbury J., Sharma §. In
vitro and in vivo evidence for lack of endovas-
cular  remodeling by  third  trimester
trophoblasts. Placenta 2008; 29 (10): 871-878.

49. De Vivo A., Baviera G., Giordano D.,
Todarello G., Corrado F., D’Anna R. Endoglin,
PIGF and sFlt-1 as markers for predicting pre-
eclampsia. Acta Obstet Gynecol Scand 2008; 87
(8): 837-842.

50. Huisman M.A., Timmer A., Zeinstra M.,
Serlier E.K., Hanemaaijer R., Goor H., Erwich J.J.
Matrix-metalloproteinase activity in first tri-
mester placental bed biopsies in further compli-
cated and uncomplicated pregnancies. Placenta
2004; 25 (4): 253-258.

51. Galewska 7., Romanowicz L.,
Jaworski S., Bankowski E. Gelatinase matrix
metalloproteinase (MMP)-2 and MMP-9 of the
umbilical cord blood in preeclampsia. Clin
Chem Lab Med 2008; 46(4): 517-522.

52. Shokry M., Omran O.M., Hassan H.1,
Elsedfy G.O., Hussein M.R. Expression of matrix

metalloproteinases 2 and 9 in  human
trophoblasts of normal and preeclamptic pla-
centas: preliminary findings. Exp Mol Pathol
2009; 87 (3): 219-225.

53. Mpyers J.E., Merchant S.J., Macleod M.,
Mires GJ., Baker P.N., Davidge S.T. MMP-2 lev-
els are elevated in the plasma of women who
subsequently develop preeclampsia. Hypertens
Pregnancy 2005; 24 (2): 103-115.

54. Pang7.]., Xing. FQ. Expression profile
of trophoblast invasion- associated genes in the
pre-eclamptic placenta. Br | Biomed Sci 2003;
00 (2): 97-101.

55. Venkatesha S., Toporsian M., Lam C.,
Hanai ], Mammoto T., Kim Y.M., Bdolah Y.,
Lim KH., Yuan H.T., Libermann T.A. et al. Solu-
ble endoglin contributes to the pathogenesis of
preeclampsia. Nat Med 20006; 12 (6): 642-649.

56. Palei A.C, Granger |.P., Tanus-
Santos J.E. Matrix metalloproteinases as drug
targets in preeclampsia. Curr Drug Targets 2013;
14 (3): 325-334.

57. Weissgerber T.L., Mudd L.M. Preeclamp-
sia and diabetes. Curr Diab Rep 2015; 15 (3): 9.

58. Setji T.L., Brown AJ., Feinglos M.N.
Gestational Diabetes Mellitus. Clin Diab 2005;
23 (1): 17-24.

59.  Lamminpaa R., Vebvilainen-Julkunen K.,
Gissler M., Selander T., Heinonen S. Pregnancy
outcomes of overweight and obese women
aged 35 years or older — A registry- based study
in Finland. Obes Res Clin Pract 2015.

00. Hayes E.K., Tessier D.R., Percival M.E.,
Holloway A.C., Petrik J.J., Gruslin A., Raba .
Trophoblast invasion and blood vessel remodel-
ing are altered in a rat model of
lifelongmaternal obesity. Reprod Sci 2014; 21
(5): 648-657.

61. White V., Gonzalez E., Capobianco E.,
Pustovrb C., Martinez N., Higa R., Baier M.,
Jawerbaum A. Leptin modulates nitric oxide

91



OB30P JIMTEPATYPbI

production and lipid metabolism in human pla-
centa. Reprod Fertil Dev 2006; 18 (4): 425-432.

62. Castellucci M., De Matteis R., Meisser A.,
Cancello R, Monsurro V., Islami D., Sarzani R,
Marzioni D., Cinti S., Bischof P. Leptin modu-
lates extracellular matrix molecules and
metalloproteinases: possible implications for
trophoblast invasion. Mol Hum Reprod 2000; 6
(10): 951-958.

03. Wang H., Cheng H., Shao Q., Dong Z.,
Xie Q., Zbao L., Wang Q., Kong B., Qu X. Leptin-
promoted human extravillous trophoblast inva-
sion is MMP14 dependent and requires the
cross talk between Notchl and PI3K/Akt signal-
ing. Biol Reprod 2014; 90 (4): 78.

92

64. Plaisier M., Dennert I, Rost E.,
Koolwijk P., van Hinsbergh V.W., Helmerhorst F.M.
Decidual vascularization and the expression of
angiogenic growth factors and proteases in first
trimester spontaneous abortions. Hum Reprod
2009; 24 (1): 185-197.

duHaHCHpOBaHUE. lCCnenoBaHNE HE
UMEJIO CTIOHCOPCKOM MOJJIEPIKKH.

Kongmukr uHTEPECOB. ABTOpHI 3a5B-
JIFIOT 06 OTCYTCTBAU KOH(IMKTA UHTEPECOB.

Matepuan nocrynun B pegakumio 11.05.2021



