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MuorodyHKIIMOHAIbHAS CUCTEMA AKTUBATOPA IJIA3MUHOTeHA yPOoKIHa3Horo Tura (UPA-crcrema) BKIoUaeT
cepuHOBYIO TipoTenHasy — uPA uim ypokunasy, ee pernentop — uPAR u nBa uarn6uropa — PAI-1 u PAI-2. B 06-
30p€e PACCMOTPEHBI CTPYKTYPHbIE OCOOEHHOCTH ¥ y4acTHe KOMIIOHEHTOB CUCTEMbBI B PA3BUTHI TAKUX JKU3HEYT-
POKAIOIIUX TIPOIECCOB, KAK KAHIIEPOTeHes3, BOCIaieHue, Heliporene3 u GuOPUHOIN3, B PETYJISIIIUN KOTOPBIX
PEMIAIIYIO POJIb UTPAIOT AECTPYKIMS coequuuTebHoTkannoro marpukca (CTM) u MOOMIBHOCTD KJIETOK, a
TaK’Ke MHYKITMS CUTHATBHBIX ITyTell BHYTPU U BHe KaeTku. UPA 3amyckaeT nporeccsl, ocyiiecTBisiembie uPA-
CHCTEMOM, ITyTeM aKTUBAIIUH TJIA3MIHOTEHA ¥ IIPEBPAIIEHIS] €T0 B IIA3MUH, KOTOPBIIL, TOMUMO perysinuu dhub-
pUHOJIN3A, BOBJIeYEH B aKMBAIMIO MAaTPUKCHBIX MeTasutonporenHas (MMII). MMII moryT runponmsoBaTs Bee
ocnoBHble KOMITOHEeHTH! CTM U TeM caMbIM BBITIOJIHSTD KII0YEBYIO POJIb B PA3BUTHH IIPOTIECCOB MHBA3NU, META-
CTa3MpPOBaHMsI, MOOMJIBHOCTU KJIETOK, a TaK:Ke aKTUBUPOBaTh U 0cBoGokAaTh 13 CTM psi Guosioruyecku ak-
TUBHBIX peryasaTopHbiX Mosekya. UPAR, PAI-1 u PAI-2 orBeuaior 3a peryisiuio aktusaoctu uPA. Kpowme toro,
uPAR, KoTOpBIII SIBJISIETCS CUTHANBHBIM pettenrTopoM, Hapsiay ¢ MMII npuBoagT K cTUMYJISIIIAN TIEJBII PSIJT CUT-
HAJIBHBIX ITyTeii, KOTOPBIE CBSI3AHBI C PETYJISAIIEll TPOIleccoB Mposrdepariuy, armonTo3a, are3nu, pocTa u MUT-
paluu KJIeTOK, ONPeIeIAIONINX PA3BUTHE TAKIX ITPOIIECCOB, KaK IIPOIPECCHS Oy XO0JIeii, BOCIaIeHIe, XeMOTAKCHC,
anruorene3. dpdektusnoe yuactue uPA-cucremsl B ectpykiiu CTM u peryasiuu BHyTPU- U BHEKIETOYHBIX
CUTHAJIBHBIX MTyTe, CBUIETENbCTBYET O TOM, UTO 3TA CHCTEMA SIBJISIETCS BAXKHEUIIIMM PETYIATOPOM (DU3N0JI0TH-
YeCKUX M MATOJOTUYECKHUX MTPOIECCOB.

Kntoueswie cnoga: uPA; uPAR; PAI-1; PAI-2; mampukchole Memaiionpomeunasvl; KaHyepozenes; 60CnaieHue; Heti-
Ppozenes; PuopuHoaU3

The multifunctional urokinase-type plasminogen activator system (uPA-system) includes serine proteinase —
uPA or urokinase, its receptor (uPAR) and two inhibitors (PAI-1 and PAI-2). The review discusses the structural
features and involvement of the system components in the development of life-threatening processes including
carcinogenesis, inflammation, neurogenesis and fibrinolysis, in regulation of which the destruction of extracellular
matrix (ECM), cell mobility and signaling inside and outside the cell play a decisive role. uPA triggers the
processes by activating the plasminogen and its convertion into plasmin involved in the activation of matrix met-
alloproteinases (MMPs) in addition to the regulation of fibrinolysis. MMPs can hydrolyze all the major ECM
components and therefore play a key role in invasion, metastasis, and cell mobility. MM Ps activates a cassette of
biologically active regulatory molecules and release them from ECM. uPAR, PAI-1 and PAI-2 are responsible for
regulation of the uPA activity. In addition, being a signaling receptor, uPAR along with MMPs lead to the stim-
ulation of a number of signaling pathways that are associated with the regulation of proliferation, apoptosis, ad-
hesion, growth and migration of cells contributing to tumor progression, inflammation, chemotaxis, and
angiogenesis. Effective participation of the uPA system components in ECM destruction and regulation of intra-
cellular and extracellular signaling pathways demonstrates that the system significantly contributes to the regu-
lation of various physiological and pathological processes.

Keywords: uPA; uPAR; PAI-1; PAI-2; matrix metalloproteinases; carcinogenesis; inflammation; neurogenesis; fib-
rinolysis
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BBenenne

[Tomdynkuonanbuas cucreMa aKTHUBATOPA
ma3MuHOreHa ypoknHaszHoro tuna (uPA-cucrema)
BBIIIOJIHSET KaK IIPOTCOJUTUYECKUE, TAK U PETyJIATOP-
HbIe QYHKITUN B Pa3BUTUHN (DU3UOTOTUIECKUX U TTATO-
Jornyeckux mpoieccos. IIporeonntnyeckas dynk-
1M HallpaBjeHa Ha aKTUBAIMIO IlJIa3MUHOTEHa U
IIpeBpallleHus ero B IIJIa3MUH, KOTOPBIM OTBevaeT 3a
PETYIIATIIO (GUOPUHOTIUTUIECKOH CHCTEMBI, & TAKKe
UTPaeT BEAYIIYIO POJIb B AKTUBAIIH TIPE/IIECTBEHHN-
KOB MaTpUKCHBIX MeTasionporentas (MMII), koto-
pble 06eCIeYnBaIOT AECTPYKIUIO COEMHUTETHHOT-
kanHoro Marpukca (CTM). Cucrema-uPA oTBeuaer n
3a Ba)KHble peryJjaropHble (QYHKIUK B IIpolieccax
MHBAa3UM, MeTacTa3upoBaHus, a Takke IpoJudepa-
I[N, AIIOIITO3a, POCTa U MOJIBUKHOCTU KJIETOK B HOP-
MaJIbHbBIX U IIaTOJIOIHYeCcKuX ycaoBuax. UPA-cuctema
BKJIIOYAET BLICOKOCHEIM(UUECKYIO CEPUHOBYIO 1IPO-
tenHazy — UPA wmm ypoxkunasy (K@ 3.4.21.31), ee
perienitop — uPAR 1 /1Ba 9HIOT€HHBIX HHTHOWTOPA —
PAI-1 u PAI-2 [1-5] (puc. 1).

[letictBue uPA-cucTeMpl HamTpaBeHO Ha TIpe-
BpallleHue HeaKTMBHOIO IJIa3MUHOTeHA B IJIa3MUH
(KD 3.4.21.7) — cepuHOBYTO TOTUDYHKITMOHATBHYIO
MPOTENHA3y MUPOKOTO criekTpa nevictsust [1-3, 6],
KOTOpast, KpOMe y4acTHus B Tporecce hubpmHoIm3a,
rugposusyet psia 6eskos CTM u akTHBUPYeET TIpej-
nmecTBeHHUKN cexpetupyembix MMII, koTopsie B
COBOKYTHOCTH CIIOCOOHDI THAPOTM30BATh BCE OCHOB-
nple komnonenTsl CTM [7-9]. MMII Boimosinsior
TaK’Ke BakKHble peryJgaropHble GyHKIINU, aKTUBU-
Pys, THAKTUBHUPYS ¥ MOAMGMUIINPYST CBOHCTBA I€JI0-
TO psiia GUONOTHYECKN AKTUBHBIX MOJEKYJ, TAKUX
Kak (pakToOpbl POCTa, HUTOKUHDI, UHTEPJICHKUHDI U
Ip., UTO IPUBOJUT K CTUMYJISALUHI POCTA, IIpoande-
paluu ¥ MUTPAIUU KJIETOK, Pa3BUTUIO NHBA3UBHBIX
nporeccos [10, 11] (puc. 2).

Kpome npoTeosmntrnueckux HYHKINH, KOTOPbIE
uPA-cucrema ocymectsisier yepes uPA, ona BblmoJ-
HeT U peryJsaTopHble (DYHKINU 4Yepe3 pPeLerntop
uPAR, KOTOpBIl IBJISETCST CUTHATIBHBIM PETeTTTOPOM
U TPUHUMAaeT ydJacThe B aKTHUBAINM psa KUHA3
[12—14], a Taxske B3auMoieliCTBYeT ¢ UHTErPpUHAMU 1
BUTPOHEKTUHOM U Te€M CaMBIM aKTUBHUPYET OIpe/ie-
JieHHble curHasbHble yTH [4]. AktuBHocTh UPA pery-
JIPYETCsT SHIAOTEHHBIMI HHTTOUTOPAME aKTHBATOPOB
mnasmuHoreda Tunos 1 u 2 — PAI-1 u PAI-2, BaxHeli-
M 13 KoTophix aBistercs PAI-1. KommonenTsr uPA-
cuctembl — UPA, uPAR u uaru6uropst PAI-1 1 PAT-2
y4acTBYIOT B IIpolieccax ajareau, npoJudeparuy,
aIoITo3€, XeMOTAKCUCE U MUTPAIUU KJIETOK, a TaKxKe
MOTYT OBbITh BOBJICUECHBI B aKTHBAI[HIO Iy TEH SITUTEIN-
AJIbHO-ME3eHXMMAJIbHOTO IIepexojia U IKCIPECcCUIo
reroB (puc. 2) [15—17]. Bce atu nporieccsr nponcxo-
[T KaK B HOpMaJIbHBIX (PU3M0JIOTUYECHUX YCIOBUSX,
TaKUX KaK pOCT M PeMOJeJMPOBAaHUE COCYIOB U
HallpaBJIeHbl Ha MO/JlepsKaHie TOMeocTasa, Tak U B
MATOJIOTHIECKHUX YCIOBUSX, KOTOPbIE HAanboIee SIPKO

Introduction

The multifunctional urokinase-type plasminogen
activator system (uPA-system) performs both prote-
olytic and regulatory functions in the development of
physiological and pathological processes. The prote-
olytic function is aimed at activation of plasminogen
and its conversion into plasmin. The latter regulates
the fibrinolytic system, and also plays a key role in ac-
tivation of precursors of matrix metalloproteinases
(MMPs), which provide destruction of extracellular
matrix (ECM). The uPA system contributes to the
regulation of invasion, metastasis, cell proliferation,
apoptosis, cell growth and mobility under normal and
pathological conditions. The uPA system includes
highly specific serine proteinase, uPA or urokinase
(EC 3.4.21.31), its receptor (uPAR) and two endoge-
nous inhibitors (PAI-1 and PAI-2) (fig. 1) [15]. The
effect of the uPA-system is aimed at the conversion of
inactive plasminogen into plasmin (EC 3.4.21.7), serine
multifunctional broad-spectrum proteinase [1-3, 6],
which hydrolyzes a number of ECM proteins in addi-
tion to participation in fibrinolysis and activates pre-
cursors of secreted MMPs, which in concert hydrolyze
main ECM components [7-9]. MMPs perform other
regulatory functions by activating, inactivating and
modifying a number of biologically active molecules,
such as growth factors, cytokines, interleukins, etc.,

f'\

@ [ Plasmmogen ‘

Cell membrane

uPAR PAL-1

PAI-2

Puc. 1. Cucrema uPA u B3auMoeiicTBue ee KOMIIOHEHTOB.

Fig. 1. The uPA system and interaction of its components.
Note. For fig. 1-5: uPA — urokinase-type plasminogen activator
(urokinase); pro-uPA — uPA proenzyme; uPAR - uPA receptor; uPA
inhibitors — PAI-1 and PAI-2. The interaction of pro-uPA with
uPAR leads to the effective activation of pro-uPA and formation of
an active uPA that converts plasminogen into plasmin, which is in-
volved in activation of pro-uPA. Endogenous inhibitors PAI-1 and
PAI-2 inhibit uPA activity and plasmin formation.

IIpumeuanue. Cell membrane — kierounas mem6pana. /st pric. 1-5:
uPA — axTuBatop njaasMmHOTEHA YPOKMHA3HOTO THTA (YPOKHU-
naza); pro-uPA — npodepment uPA; uPAR — pentenitop uPA; nn-
rubutopsr UPA — PAI-1 u PAI-2. Baaumogueiictsue pro-uPA ¢
uPAR npusoaut k adexrrBHOl akTuBanuu pro-uPA u o6paso-
BaHUIO aKTUBHOI UPA, npespamaoneil 1y1asMIHOTeH B IJIA3MUH,
KOTOPBIN ydacTBYeT B akTuBaIum pro-uPA. Duporennsie NHTH-
6utopsl PAI-1 u PAI-2 TopmosaT aktuBHOCTh UPA 1 06pasoBa-
HUe TJIA3MIHA.
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AKTHBALHUS NJIA3MUHOTeHA Plasminogen
u MMIT ‘ and MMP activation
JecTpykums ECM
CTM destruction
BHyTpukeTouHblii || UnTerpunsi, WHTerpunsbl, AxTHBauUus, Intracellular Integrins, Integrins, Activation,
CUTHAJIMHT, BUTPOHEKTHH, || BHYTPHKJ/IETOUHbII 0cB0OOKIEHHE signaling, Vitronectin, Intracellular Release of growth
fAaep ¢hudp THH ||CHTHAJIMHT, siiepHas || paKTOpoB pocTa u ap. Nuclear uPA Fibronectin signaling, factors and other
Tpancaokauus uPA, TpaHcaokaums uPA, GuoorHyecKu translocation, Nuclear uPA biologically
JKCIpeccusi reHoB JKCNpPeccusi FreHoB AKTHUBHBIX MOJIEKY.T, Gene expression translocation, active molecules,
l BHYTPHKJIETOYHbIH S Gene expression Intracellular
CHUTHAJIMHT ‘ signaling
Aares3usi, MUrpauus, Adhesion, Migration,
npoaundgepanusi, pudpUHOIN3, Proliferation, Fibrinolysis,
anonTo3, AuddepeHUHPOBKA, Apoptosis, Differentiation,
JKCMpeccHsi FeHoB, Gene expression,
IMHUTENNATBHO-MEe3HHXHMATbHbI Epithelial-mesenchymal
nepexoa, pemoaesuposanne CTM transition, ECM remodeling

Puc. 2. @yukiun uPA-cucteMsl 1 poJjib B HUX 10MeHOB UPA.

Fig. 2. Functions of the uPA system and the role of the uPA domains.
Note. GD — N-terminal growth facto r-like domain responsible for binding of uPA to uPAR; KD — Kringle domain is responsible for
binding to the inhibitor PAI-1 and integrin, it is involved in stabilization of the uPA — uPAR complex and in regulation of cell migration;

PD — proteolytic or catalytic domain with a trypsin-like activity.

IIpumeuanue. P/ — N-komIeBoii 1oMeH, mogo6mHbIil hakTopy pocta, orBedaet 3a cBsizbiBarne UPA ¢ uPAR; K/I — kpumrit jomen oTBeqaeT
3a cBsi3biBanue ¢ nHrHOuTOpoM PAT-1 1 mHTErpHaMu, yyactByer B crabunusanun komiuiekca UPA ¢ u PAR u B peryJistinu Murpaiun
KJ1eTOK; [1/] — IpOTeoInTHYeCKHil T KaTaTUTHYECKUI IOMEH C TPUTICHHOTIOAO0OHOH aKTHBHOCTHIO.

BBIPAKEHBI B IIPOLIECCAX KaHIIePOTeHe3a, BOCIIAIeHNUS,
dbubposa u pubpunoamsa [1, 2, 5].

Crpykrypa u GyHKIIMH aKTHBAaTOPa
MJIa3MUHOTEHAa YPOKMHA3HOTO Thna — uPA

uPA — akTMBaTOp MJ1a3MUHOT€HA YPOKMHAZHOTO
Tuna (MM ypoKHa3a) sABJgeTcs BbIcoOKoctenudumnye-
CKO# MoM(YHKITMOHAJIIBHOW CEPUHOBON MPOTENHA-
3011 cemeiicta Tpuncuna (K@D 3.4.21.31), koTopas
paclernigeT B IJIa3MUHOTEHE eJIMHCTBEHHYTO aKTHBA-
HUOHHYIO cBA3b Arg561-Val562 B pesyibrate yero
obpasyercst miaasmun [18]. Takum oOpasom, uPA
3amnyckaer jeticteue uPA-cucrembr. uPA cunTesupy-
€TCs DHAOTEJINAIBHBIMY U TJIaIKOMBIIIIEYHBIMU KJIET-
KaMU COCY/IOB, AMUTENUATBHBIME KJIeTKamu, prubpo-
6aactaMu, MOHOIMTAMU/Makpodaramu, a TaKKe
KJIETKAMU 3JI0KAYeCTBEHHBIX omyxoJeil. DepmeHT
CUHTE3UPYETCs B BUJIE MTPE/IIEeCTBEHHUKA — pro-uPA,
OCHOBHBIM aKTUBATOPOM KOTOPOTO ABJISETCA TIIIa3MUH
[19, 20]. uPA comepskuTcs B mya3Me KpoBH, MOUYE 1
nmoykax. MHOrue KJIeTKkn UMeloT perenTopbl K uPA.
CrasbiBanue uPA c pertentopom uPAR Ha moBepxHoO-
CTH KJIETKU CTUMYJIUPYET 06pa3oBaHie BICOKOAKTHB-
HOH opmbl UPA 1 akTUBAIMIO NIJITA3MUHOTEHA, TIpe-
Bpallas ero B IVIa3MHUH. ITOT IIPOIIECC ITPOUCXOUT BO
BHEKJIETOYHOM MaTPHUKCE, YTO UTPAET KIIOYEBYIO POJIb
B fierpazaiiuu CTM, nposudeparit 1 MUTpaIuu KJie-
Tok [2, 3, 10]. uPA aBnsercsa BoicokoahheKkTUBHBIM
AKTUBATOPOM IJIA3MUHOTEHA, HO HEe UMEET CPOJICTBA K
bubpuHy, 09TOMY OCHOBHOI (prOpUHOIN3 HEPMEHT
OCYIIECTBJISIET B MEKKJIETOYHOM IIPOCTPAHCTBE, a He

which leads to stimulation of cell growth, prolifera-
tion, migration, and invasion (fig. 2) [10, 11]. In addi-
tion to the proteolytic functions that the uPA system
performs through uPA, it also exert regulatory func-
tions through the uPAR, which is a signalling receptor
and is involved in activation of a number of kinases
[12—14]. uPA system also interacts with integrins and
vitronectin and thus activates certain signal pathways
[4]. The uPA activity is regulated by endogenous types
1 and 2 plasminogen activator inhibitors, PAI-1 and
PAI-2, with PAI-1 being the most important one. uPA
system components (uPA, uPAR and PAI-1 and PAI-
2 inhibitors) participate in the processes of adhesion,
proliferation, apoptosis, chemotaxis and cell migra-
tion, and can also be involved in activation of epithe-
lial-mesenchymal transition pathways and gene
expression (fig. 2) [15—17]. All these processes occur
both under normal physiological conditions, such as
growth and remodeling of blood vessels, and are aimed
at maintaining homeostasis, as well as under patholog-
ical conditions, which are most severe in carcinogen-
esis, inflammation, fibrosis and fibrinolysis [1, 2, 5].

Structure and function of urokinase-type
plasminogen acivator (uPA)

uPA, urokinase-type plasminogen activator (or
urokinase), is a highly specific multifunctional serine
protease of the trypsin family (EC 3.4.21.31), which
splits the only activation bond Arg561—Val562 in the
plasminogen resulting in the formation of plasmin
[18]. Therefore, uPA triggers the uPA system. uPA is
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B cocynax [18, 1-5]. ¥ muekonuraonux uaeHTudu-
IIMPOBAH TaKkKe aKTUBATOP MJIa3MUHOTEHA TKAHEBOTO
tumna (tPA, KO 3.4.21.68), KOTOPBIiT CHHTE3UPYETCST
KJIETKAMHU 9H/IOTEJTUS ¥ JIOKAJIU3YETCS B CTEHKE COCY-
noB. tPA pacmieniger B 1a3MMHOTEHE TY KE CBA3D,
yro 1 UPA. On 001a12€T BBICOKUM CPOACTBOM K (hub-
PUHY ¥ UTPaeT PeIaolyo poJb B pubpunomse. Oba
(bepmenTa skcIipeccupyioTcs B BUJIE IpeiieCTBEHHY-
KOB, OCHOBHBIM aKTUBATOPOM KOTOPBIX SBJISETCS
mazmun [18, 2, 3]. IlpemxmecrBennas dopma uPA
(pro-uPA) xompupyercs renom PLAU, pacrosioxen-
Hom Ha xpoMocome 10q24, u cekpeTupyercs Kak 0/[HO-
1enoYeuHbIit mpodepment, cocrosinuii u3 411 amuno-
KHMCJIOTHBIX OocTaTKOB (a.0.) ¢ M.m. 54 x/la [18, 2].
Moutekyna pro-uPA BkJiouaeT HECKOJIBKO (DYHKITNO-
HAJIBHO 3HAYMMBIX JIOMEHOB (pHC. 3): CUTHAJbHBIN
nomen (1-5 a.0.), obecrednBaOMIMil TTOCTTPAHCIIS-
UOHHBINA TpancopT pro-uPA; N-koHI1eBoii 1omeH,
nozo06mubIii pakTopy pocra (6—46 a.0.), obecreunsao-
muii cBaszbiBanue UPA ¢ perrentopom uPAR [21];
kpunra gomer (50—131 a.0.), comepskanuii yyacTku
OTBETCTBEHHbIE 32 CBsA3bIBaHME ¢ MHTHOUTOpOM PAI-
1 [15] w urTerpunamu [22, 23], a TaksKe y4acTBYIOIIUI
B PETyJISAIMNA MUTPAITN KJIETOK M CTAOMIU3AIMH KOM-
mrekca uPA ¢ perientopom [24—-26]; suHKepHbBIN
nomen (132—147 a.0.); KaTaauTUYeCKUH WK TPOTEO-
JUTHYECKUIT JIOMEH C TPUICHHOIIOMO00HON aKTUB-
noctbio (148—411 a.0.) [18]. Oxnonenoveunsrii pro-
uPA  crocoben  HemocpesCcTBEHHO aKTUBUPOBATH
MJIA3MUHOTEH ¢ 06pa3oBaHUEM TLJIA3MHUHA, a 3aTEM
MJIA3MWH TIpeBpaliaeT oJHolernodeynyio Gopmy B
aByxienoyeunyio. Haubomee apdpekrusao aToT mpo-
1ecc MpOMCXOMUT TIPU CBA3bIBaHUU pro-uPA c¢ ero
penteitopom uPAR. /IByxienoueunast ¢popma uPA B
250 pas GoJiee akTUBHA, YeM OfHOIeIIoYedHas (hopMa
pro-uPA, a ee pubpuHOIMTHYECKAS AKTUBHOCTD B 2,5
pasa BhIlle, YeM y o/iHoIIerToueuHoi opmer [27]. Tpe-
BpallleHre B aKTUBHYIO IBYXIETIOYEYHYIO (hOPMY TIPO-
HCXOZUT B pe3yJbTaTe THAPOIU3a MEeNTUIHON CBA3U
Mexay a. 0. Lys 158 u Ile 159 u MosKeT oCyIecTBIATh-
s He TOJIBKO TIJIA3MUHOM, HO M KaJIJTMKPEHHOM, Tep-
MOJIN3WMHOM, TPUTICUHOM, a TaKXkKe KaTerncuiamu B u L
[19, 20]. AkTuBHag AByXIlenIouedHAsT (DOPMA COCTOUT
U JIBYX MMOJIUTIENITU/IHBIX T1etieit — A (J1eTKoit), conep-
skateit 158 a.o., u b (Tsresoit), comepskarieit 253 a.o.,
KOTOPBIE CBSI3aHbI MEK/LY COO0H AuCyIbhUIHON CBSI-
3p10 Cys 148-Cys 279 [18, 1, 5] (puc. 2). A-1ienn npen-
crasysier N-konieBoit ¢pparment uPA u comepxut
JIOMEH 1oZI00HbIH (haKTOPY POCTA U KPUHTJI-JOMEH. B-
et npezicrapiser C-KoHIeBOH (hparMeHT, B COCTaB
KOTOPOTO BXOJIUT ITPOTEOJUTUYCCKUI TOMEH, CO/lEP-
JKaIUil akTUBHBIHN 11eHTp uPA, BRIovatommii Tpuay
a. 0. — His 204, Asp 255, Ser 356 (unenTudunmupona-
HBI METOZIOM KpucTasorpadguu B C-KOHIIEBOM KaTa-
autndeckom nomene uPA kak His 57, Asp 102 u Ser
195 [18, 22, 24, 25, 28]. Pacuiemienue pro-uPA o
neficTBreM TpoMOUHA U 3J1acTasbl o cBasu Arg 156-
Phe 157 upuBoauT k 06pazoBaHIio HEaKTUBHOM JIBYX-
1ernovyeyHoit (hopMbl hepMeHTa, AKTUBHOCTH KOTOPOIA

a
plasmin, cathepsins B and L,
type 2 kallikrein
v o YT w <
Lys 158 || 1le 159
b
B-chain | | PD -C

Puc. 3. Crpykrypa pro-uPA u aByxnenoueynoro uPA.

Fig. 3. The structure of pro-uPA and two-chain uPA.

Note. a — the structure of pro-uPA: S — signaling peptide; GD —
growth facto r-like domain; KD — Kringle domain; L. — linker do-
main; PD — proteolytic domain; Lys158 — S-S-Ilu159 — activation
link; b — the structure of two-chain uPA: A — light chain (158 aar)
consists of the N-terminal fragment of uPA containing GD and KD;
B — heavy chain (255 aar) consists of C-terminal fragment of uPA
that contains the proteolytic domain including the active center of
the enzyme with an amino acid residues composition characteristic
for serine proteases (His204, Asp 255, Ser356).

IIpumeuanue. a — cTpykrypa pro-uPA: S — curHasibHbIl nenTu;
GD — nomen, mogo6ubii aktopy pocra; KD — KpuHLI goMeH;
L — mumkepsiii romen; PD — mporeosuriaeckuii romen; Lys158-
S-S-Tlu159 — akTuBaMOHHAS CBSA3b; b — CTPYKTYpa ABYXIIETIOYEY-
noro uPA: A — serkas 1esb (158 a.0.) cocrout 3 N-KOHIIEBOTO
dbparmenta uPA, copepskamiero GD 1 KD; B — Tsikenast nenb (255
a.0.) cocrout 3 C-koHnesoro ¢parmenta uPA, cojepskaiero 1mpo-
TEOJIUTHYECKUIT JIOMEH, BKITIOYAIONINIT aKTHBHBIN IIeHTP (hepMenTa
C XapaKTepPHOM /7 CEPHHOBBIX TIPOTENHA3 COCTABOM AMIHOKIC-
sotHbIX octatkoB — His204, Asp 255, Ser356.

synthesized by vascular endothelial and smooth mus-
cle cells, epithelial cells, fibroblasts,
monocytes/macrophages, and malignant tumor cells.
The enzyme is synthesized as a precursor, pro-uPA,
whose main activator is plasmin [ 19, 20]. uPA is found
in blood plasma, urine and kidneys. Many cells have
receptors to uPA. uPA binding to uPAR on the cell sur-
face stimulates the formation of a highly active form
of uPA and the activation of plasminogen converting
it into plasmin. This process occurs in the extracellular
matrix, which plays a key role in ECM degradation,
cell proliferation and migration [2, 3, 10]. uPA is a
highly effective plasminogen activator, but it has no
affinity for fibrin, so the enzyme performs the main fib-
rinolysis in the intercellular space and not in vessels.
[18, 1-5]. In mammals, tissue plasminogen activator
(tPA, EC 3.4.21.68) was also identified, which is syn-
thesized by endothelial cells and localized in the vas-
cular wall. tPA splits the same bond in the
plasminogen as uPA. It has a high affinity for fibrin and
plays a crucial role in fibrinolysis. Both enzymes are
expressed as precursors, whose main activator of
which is plasmin [ 2, 3, 18]. The precursor of uPA (pro-
uPA) is encoded by the PLAU gene located on chro-
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MOZKET OBITh BOCCTAHOBJIEHA TIPHU THPOJIN3E TLJIa3MU-
HOM nenTuaHoil cesasu Arg 158-11 159. Ilpu atom
obpasyercs apyxienodednsiii uPA ¢ M.m. 32 x/{a [19].
Axrusainus pro-uPA ¢ o6pazoBanuem JAByXIernoyey-
HOU CTPYKTYPBI (hepMeHTa TPUBOIUT K KOoH(pOpMa-
IIMOHHBIM U3MEHEHUSM MOJIEKYJIDI, CBSI3aHHBIM C yBe-
andenneM ee rubOkoctu [20]. ITo MMeeT BaxKHOe
3Havenue /s GyHknumonupoBanng uPA Ha moBepx-
HocTH KJIeTkr. [ToBbIeHHas rTuOKOCTh MOXKeET obec-
MEYUTh ONTUMATbHOE TTO3UITMOHUPOBAHME KATATUTH-
YECKOTO JIOMEHAa OTHOCUTEJIBHO TOTEHIIMAIBHBIX
cy6eTparoB, Tora Kak jkectkas KoHpopMaius pro-
uPA orpannumBaer goctym cybeTpara K aKTHBHOMY
1neHTpy. JanbHelmnii mpoTeoan3 TPUBOAUT K IIPO-
nykin N-koniesoro (gparmenta uPA, ne obanaro-
MIero MPOTEOTUTUYECKON aKTUBHOCTBIO, HO IIPO-
ABJLIONIETO XeMOTAaKTHYecKoe jJeiicTBue. IJTOT
(dhparMeHT BKJIIOYAET JOMEH TOAOOHBINA (hakTopy
pocTa U KPUHTJI-IOMEH, B3aUMOJIEHCTBUE KOTOPOTO C
uPAR axtuBupyer myTu BHYTPUKJIETOUHOTO CUTHA-
aunra [30]. C-koHIEBON KaTaJIUTUYECKUI TOMEH B
MOJIHOW Mepe 06J1aiaeT CocOOGHOCTRIO TIPEBPAIIATH
MJIA3MUHOTEH B TIJIA3MIH BO BHEKJIETOUHOM ITPOCTPAH-
CTBE HE3aBUCUMO OT CBA3BIBAHMS C PEIEITOPOM
uPAR, xoT1s1 aTOT TIpOITECcC TpoucXoauT ahheKTuBHEE,
koryia pro-uPA accommuposan ¢ uPAR [6, 18, 22, 24,
28, 29]. Katanutuyecku aktuBHbIil UPA nmeeT upes-
BBIUAITHO Y3KYI0 creruduaHocTsb. Ero ocHOBHBIM Cy6-
CTPATOM $IBJIIETCS NJIa3MUHOTEH, B KOTOPOM OH pac-
HIeIJisieT eMHCTBEHHYIO TENTHAHYIO CBA3b B
pesyJibTate 4ero MpoayIupyeTcs NJIa3MUH, BBICTY-
naouii OCHOBHBIM akTuBaTopoM pro-uPA. Takum
06pa3oM, TPOMCXO/UT PEAKTUBAINSA 1 TeHeparust uPA 1
TJTa3MUHA B TIEPUIIEIUTIONIAPHOM IpocTpaHcTie (puc. 1).
uPA vHUIIMUpYeT Yepe3 TIA3MUH BaXKHbIe OHOJIOTH-
yeckue Gpyaknuu (puc. 2). OpHako akTUBAIMS T1J1a3-
MUHOTEHA MOKET ObITh MHUIIMUPOBAHA U OHOIIEIO-
yeunbiv UPA [27, 31]. TlomudyHKimoHambHbIMi
MJIA3MUH BBITOJTHAET (HUOPUHOMUTHIECKYIO (DYHK-
IIUI0 U THIPOJIU3YET Teiblil psiji KommounenToB CTM,
TaKUX Kak (pUOPOHEKTUH, BUTPOHEKTUH, JTAMUHUH,
tpombocnonaui [3, 31]. Kpome Toro, miasmun samyc-
KaeT MPOTEOTUTUYECKNE KACKabl, aKTUBUPYS Pl
cekperupyeMbix MMII, KoTOpBIE CIIOCOOHBI pacien-
J51Th Bece ocHOBHBIE KOMITOHeHTHI CTM 1 6a3anbHbIx
MeMOpan: Gubpuiisapabie Komnarens (MMP-1-8-
13), komnaren IV Tuna — ocHoBY GasanbHbIX MeMOpaH
(MMII-9-3-12), anactun (MMII-3-10-12) nporeo-
rimukanbl (MMII-3-12-13), anresauBuble MOJIEKYJTbI
(MMII-1-3-8-13-9-13), a Takske akTUBUPOBATD, MHAK-
TUBUPOBATh U MOAMGMUIIMPOBATH CBOKCTBA 11€JI0TO
psijta GUOJOTHYECKU AKTUBHBIX MOJIEKYJI, HE OTHOCS-
muxcess kK CTM: uurubuTopsl mporennas, hpubpuH,
MJIAa3MUHOTEH, aHTUOTeH3unbl u 1p. [4, 7, 12, 30,
32-37] (puc. 2). [1pu pacmenysennun CTM npowucxo-
JIAT aKTUBAIIUSA UIH BBICBOOOKICHUE TATEHTHBIX HJIH
CBA3aHHBIX C MATPUKCOM (haKTOPOB POCTA U JIPYTUX
OMOJIOIMYECKH aKTUBHBIX MOJIEKYI, TakuX Kak VEGE,
bFGF, IGE, EGF, TGF-3, TNF-«, a tak:xe unrepieii-

mosome 10q24 and secreted as a single-chain pro-en-
zyme comprizing of 411 amino acid residues (aar) with
Mw of 54 kDa [2,18]. The pro-uPA molecule includes
several functionally significant domains (fig. 3): sig-
naling domain (1-5 aar), providing post-translational
transport of pro-uPA; N-terminal growth factor-like
domain (6—46 aar) providing the binding of uPA to
uPAR [21]; kringle domain (50—131 aar), which con-
tains the sites responsible for binding to PAI-1 [15]
and integrins [22, 23] and is also involved in the reg-
ulation of cell migration and stabilization of the uPA-
receptor complex [24-26], the linker domain
(132—147 aar), and catalytic or proteolytic domain
with trypsin-like activity (148-411 aar) [18]. A sin-
gle-chain pro-uPA is capable to activate plasminogen
directly to form plasmin, and then plasmin converts
the single-chain form into a double-chain form. This
process is the most effective when pro-uPA binds to
its receptor uPAR. The double-chain form of uPA is
250 times more active than the single-chain form of
pro-uPA; and its fibrinolytic activity is 2.5 times
greater than that of the single-chain form [27]. The
transformation into an active two-chain form occurs
as a result of hydrolysis of the peptide bond between
amino acid residues (aar) Lys 158 and Ile 159 and can
be carried out not only by plasmin, but also by
kallikrein, thermolysin, trypsin, and catepsin B and L
[19, 20]. The active double-chain form consists of two
polypeptide chains: A (light), containing 158 aar, and
B (heavy), containing 253 aar, which are linked with
disulfide bond Cys 148—Cys 279 (fig. 2) [1, 5, 18]. The
A-chain is the N-terminal fragment of uPA and con-
tains a growth factor-like domain and a kringle do-
main. B-chain is the C-terminal fragment, which
includes a proteolytic domain containing the uPA ac-
tive center including a triad of amino acid residues-
His 204, Asp 255, and Ser 356 (identified by crystal-
lography in the C-terminal catalytic domain uPA as
His 57, Asp 102 and Ser 195) [ 18, 22, 24, 25, 28]. The
cleavage of pro-uPA under the action of thrombin and
elastase by Arg 156-Phe 157 bond leads to the forma-
tion of an inactive double-chain form of the enzyme,
whose activity can be restored by hydrolysis of Arg
158-11 159 peptide bond by plasmin. This forms a two-
chain uPA with Mw of 32 kDa [19]. Activation of pro-
uPA with the formation of a two-chain enzyme
structure leads to conformational changes in the mol-
ecule associated with an increase in its flexibility [20].
This is important for the uPA functioning on the cell
surface. The increased flexibility can ensure optimal
positioning of the catalytic domain relative to poten-
tial substrates, while rigid pro-uPA conformation lim-
its substrate access to the active center. Further
proteolysis leads to the production of N-terminal frag-
ment of uPA, which does not have proteolytic activity,
but produces the chemotactic effect. This fragment in-
cludes a growth factor-like domain and a kringle do-
main whose interaction with uPAR activates
intracellular signaling pathways [30]. The C-terminal
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KHUHOB, KaAr€PUHOB, CEJIEKTUHOB, KOTOPbIE CIIOCOOHBI
CTUMYJIUPOBATh KJIETOUHBIN POCT, Mposudeparunio,
MUTpaIuio n anruorenes [2, 6, 18, 25, 29, 38, 39]. uPA
MOJKET B3aMMOJIEHCTBOBATH OJTHOBPEMEHHO C JIBYMSI
perenTopaMu Ha MoBepXHOCTH KaeTku: ¢ UPAR u ¢
nHTerpuHOM Mak-1 uepe3 KpUHTJI U MPOTEOJUTHYE-
CKWUIT TOMEHBI, & KPUHTJI JIOMEH, KPOME TOTO, BOBJIEUEH
B MHAYKITUIO BHYTPUKJIETOYHON CUTHATIM3AIINN, MUT-
panuu u aaresuu kietok [15, 18, 23, 25, 26, 28]. Bzau-
mozeiictBre UPA ¢ perenitopaMu JIMTTONPOTENHOB
HUBKOH IJIOTHOCTH 00ecredynBaeT NHTEPHAIM3AIINIO
uPA ¢ ToBepXHOCTH KJIETKH M TIOCTEAYIONINI HIOIHI-
TO3, a TAKXKe WHYKITNIO BHYTPUKIETOYHON CUTHAJIH-
3alMK ¥ aIre3HI0 KJIETOK [5].

YkasaHHbBIE TTPOTIECCHI TPOUCXOAST KaK B HOP-
MaJIbHBIX (DU3MOJOTUIECKUX YCIOBUSX, TAKUX Kak
pPOCT ¥ pa3BUTHE OPTaHU3Ma, aHTHOTeHe3, MopdoTe-
Hes3, MeTaMop(03 U JIP., & TAKIKE MTPH TATOJIOTUIECKUX
npolieccax HanboJjiee IPKO BhIPAKEHHBIX [IPU KaHIle-
porenese u Bocriasienuu [2, 4, 6, 34, 38].

Crpykrypa u pynkmuu penenropa uPAR

Petterirop uPA u pro-uPA — uPAR cBg3au ¢ ie-
TOYHOI MeMOpaHoi yepes rInKo3uIpochaTIIITHO-
suron (TDU) u ne mMeer TpaHcMeMOPaHHBIX yda-
CTKOB, YTO OIpe/iesisieT €ero  IMOJABMXXKHOCTb B
IJIa3MaTryecKoii Membpate. Perierrrop cBsi3bIBaeTcs ¢
noBepxXHOCThIo UPA uepes momeH, mompo0Hblii (hakTopy
pocra, pactiosioxeHHblii B N-KOHI1€BO yacTu (hepmen-
ta [1, 21, 40]. CeaseiBanue uPA u pro-uPA ¢ uPAR
MIPUBOIUT K CTUMYJISIIIAN ITPEBPAIIIEHUS O/THOIETIOYeY-
Ho hopmbl pro-uPA ¢ HU3KOI AKTUBHOCTHIO B BBICO-
KOAKTUBHYIO /IByX1ieroueunyio hopmy uPA [41]. Css-
3aHHasg ¢ perentopom pro-uPA  akTuBUpyeTcs
MJIA3MUHOM, JIOKQJTM30BAHHBIM Ha TIOBEPXHOCTH KJIET-
K, 1ocsie yero uPA aktuBupyer rmazmMunoret. Takum
00pa3oM, 3aMbIKAETCs I10JIOKUTEIbHAsE obpaTHas
CBs3b, T. K. TIJIA3MUH U JIByXIlenouyedHbiii uPA moryt
B3aMMHO aKTHBUPOBATH HEAKTUBHbIE (DOPMBI JPYT
npyra (puc. 1) [42, 43]. CsassiBanue uPA ¢ uPAR
BaKHO JIJI OCYIIIeCTBJIEHUsT (DePMEHTOM ero (PyHKIUU
KaK aKTHBATOpa IJIa3MUHOTEHA, a Yepe3 B3auMOJIeii-
CTBHUE PELENTOopa ¢ PAAOM TPAaHCMeMOPAaHHbIX OEIKOB
MJ1a3MaTUYECKONH MeMOPaHbl, OH CIOCOOEH y4acTBO-
BaTh B aKTHUBAIUM BHYTPUKJIETOUHDBIX CUTHAJIbHDIX
nyteit (puc. 2). Bzaumoeiictsue uPA-uPAR npuso-
JIUT K AaKTUBAIUY PSI/IA PETYIISTOPHBIX OEJIKOB, TAKUX
kak rakcuiant, JJHK-cBs3biBaonmx akTuBaTopoB
TPAHCKPUIIIIUH U [1€JI0TO Psi/ia KUHA3, AKTUBUPYIOIINX
passyHble curHaabHbie myTi, Hanpumep ERK/Arf6,
p38 MAPK wu np. [44, 45]. ABasisich aAre3snOHHBIM
peuentopoM, UPAR cBsi3biBaeT BUTPOHEKTHH U (rb-
porekTuH — ajre3uBubie KomroneHTs CTM [46]. Bo
B3aumozierictBun UPAR ¢ uPA u BuTponekTrHom yua-
CTBYIOT Pa3JIMuHbIe CAlThI PElenTopa, YTO JAaeT BO3-
MOKHOCTh OJ[HOBPEMEHHO CBSI3bIBATh 00a JIMTaH/a
[12]. Kpome Toro, uPAR crocoben BzauMoeicTBoBaTh
C HEKOTOPBIMU OeTKaMU T1a3MaTHYeCKOH MeMOpPaHbI,

catalytic domain is fully capable of converting plas-
minogen into plasmin in the extracellular space re-
gardless of binding to uPAR, although this process is
more effective when pro-uPA is associated with uPAR
[6, 18,22, 24, 28, 29]. Catalytically active uPA has ex-
tremely narrow specificity. Plasminogen is its main
substrate, in which it cleaves a single peptide bond to
produce plasmin, which acts as the main activator of
pro-uPA. Thus, there is reactivation and generation of
uPA and plasmin in the pericellular space (fig. 1). uPA
initiates important biological functions via plasmin
(fig. 2). However, the plasminogen activation can be
initiated by single-chain uPA [27, 31]. The multifunc-
tional plasmin contributes to fibrinolytic function and
hydrolyzes a number of ECM components, such as fi-
bronectin, vitronectin, laminin, and thrombospondin
[3, 31]. In addition, plasmin triggers proteolytic cas-
cades, activating a number of secreted MMPs, which
are capable of splitting all major components of ECM
and basal membranes: fibrillar collagen (MMP-1-8-
13), type IV collagen (basis of basal membranes,
MMP-9-3-12), elastin (MMP-3-10-12), proteogly-
cans (MMP-3-12-13), adhesive molecules (MMP-1-
3-8-13-9-13); as well as activate, inactivate and
modify the properties of a number of biologically ac-
tive molecules not related to ECM: proteinase in-
hibitors, fibrin, plasminogen, angiotensins, etc. (fig. 2)
[4, 7,12, 30, 32—37]. ECM cleavage activates or re-
leases latent or matrix-related growth factors and
other biologically active molecules, such as VEGEF,
bFGEF, IGFE, EGF, TGF-$, TNF-«, and interleukins,
cadherins, selectins, which can stimulate cell growth,
proliferation, migration, and angiogenesis [2, 6, 18, 25,
29, 38, 39]. uPA can interact simultaneously with two
receptors on the cell surface: with uPAR and with
Mac-1 integrin via kringle and proteolytic domains;
and the kringle domain is also involved in the induc-
tion of intracellular signaling and cell migration and
adhesion [15, 18, 23, 25, 26, 28]. The interaction of
uPA with low-density lipoprotein receptors ensures
the internalization of uPA from the cell surface and
subsequent endocytosis, as well as the induction of in-
tracellular signaling and cell adhesion [5].

These processes occur under normal physiologi-
cal conditions, such as growth and development of the
body, angiogenesis, morphogenesis, metamorphosis,
and other processes. Contribution of the system to
pathological processes that are most evident in car-
cinogenesis and inflammation reactions [2, 4, 6, 34, 38].

Structure and functions of uPAR

uPAR, a uPA and pro-uPA receptor, is bound to
the cell membrane via glycosylphosphatidylinositol
(GPI) and posseses no transmembrane sites, which de-
termines its mobility in the plasma membrane. The re-
ceptor binds to the uPA surface via a growth factor-like
domain located in the N-terminal part of the enzyme
[1, 21, 40]. The binding of uPA and pro-uPA to uPAR
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HaIpUMep, ¢ MHTETPUHAMMU U perierntopamMu (pakTopoB
pocta (GPCR), rakumu kak EGFR,VEGFR u np.,
KOTOpbIE B HACTOAIIEe BpPeMS PacCMaTpUBAIOTCS B
kauecTBe Ko-perienitopoB UPAR [4, 12] (puc. 2). Cun-
Te3 perenTopa nmpoucxoaut Ha xpomocome 19q3, rie
ret uPAR uenosexa (PLAUR) kogupyer 6emok 3 335
a.0., KOTOPBIN BKJTOYaeT N-KOHIIEBOW CEeKPEeTOPHBIN
CUTIHA/IBHBII menTuz us 22 a.0. 1 C-KOHIEBYIO 00J1aCTh
n3 30 a.o. uPAR gBiiseTcst BBICOKOTJIMKO3UJIUPOBAH-
HbIM GestkoM ¢ M.M. 55—60 k/la, KOTOPbIi COmepKUT
Tpu sjomena — D1, D2 n D3, cBazanubix qucyabdu/-
HBIMU MOCTUKAMHU. AMUHOKHUCJIOTHBIE TIOCJIEI0BATE b=
HOCTU JIOMEHOB MMEIOT HU3KYI0 HWICHTHUYHOCTD
[47—49]. Bce Tpu nomena uPAR yuacTtyioT B hopmu-
POBaHUM y4acTKa CBA3bIBAHNA ¢ (PepMEHTOM. YCTaHOB-
JieHo, uto D1 HeoGXOANM JIJIst CBA3BIBAHUS PEIenTopa
¢ uPA, B xotopom yuactByioT a.0. Arg 53, Leu 55, Tyr
57 u Leu 66 [ 47, 48]. [1pu B3anmopeiictBuu uPA ¢
uPAR mpoucxonut commkenne D1 u D3, uto npuso-
[T K 3aMBIKAHUIO PeIenTopa B KOJIBIIO ¢ 9KCIIOHUPO-
BaHMEM Ha IOBEPXHOCTU MOJIEKYJIBI aKTHUBHOTO YYaCT-
Ka, pacrosiokennoro Mexay D1 un D2 [50]. Takoe
n3menenue kondopmainn uPAR oTkpbiBaeT yyactku
AMUHOKUCJIOTHON I1OCJIE0BATENBbHOCTH, KOTOPbIE
OTBEYAIOT 32 €ro CUTHAJIbHble (DYHKIIMH, a TaKKe 32
casbiBanne ¢ Oenkamu CTM u unrerpunamu [49].
BzanmopeiictBue uPAR ¢ unterpuHamMu akTuBUpyeT
BHYTPUKJICTOUHbIC CUTHAJIbHBIC TIYTH, BIAUSAIONINE HA
murpaiuio GubPoOIACTOB, TIIAKOMBIIIEYHBIX U SH/0-
TeJTMAJILHBIX KJIETOK, a TaKXKe Ha Ipolecchl mposmde-
paruu, nuddepeniupoBky u ajre3nu (puc. 2), KOTo-
pble BOBJICYEHBI B OIyXOJIeBYI0 Tporpeccuio [51].
[Tokazano, 4To BO B3aMMO/ICHCTBUN C MHTETPUHAMU
yuacTByIOT siomeHbl D2 1 D3; caiitom cBsazbiBanmst D2
C MHTETPUHAMU aVf33 U a0 SBISETCS AMUHOKUCIIOT-
Hasl IT0CJIeIoBaTeIbHOCTD, BKtouamoniag 130—142 a.o.,
a JUIst CBsi3biBaHust D3 ¢ MHTErpuHaMU a3, HeOOXOou-
MBI a.0. 240—248 [52]. HeaBHO OBLIO yCTaHOBJIEHO,
uro 130-142 a.o. romena D2 yuactByioT B 06pa3oBa-
HUU MaKPOMOJIEKYIIPHOTO KOMILJIEKCa, BKITIOYAIOIIETO
B CBOI cOCTaB 'Vf3; U PEIENTOP AIHIePMATBHOTO (hak-
topa pocta (EGFR). Mexanuam ¢pyHKIIMOHNPOBAHUS
KOMILJIeKca ocHOBaH Ha TpaHcakTuBanuu EGFR, koro-
past OCYIIECTBIISIETCSI HHTETPUHOM tVf33 TIPH €T0 CBsI-
3piBanuu ¢ UPAR. MuTtorenublit curiaji, MHUIUUPO-
Bauubpiii  uPAR wu  onocpenoBannbiii  EGFR,
CTUMYJIUPYET TIPOIECChl KIETOUHOH mpoJndepannu
[53] m murparu [54], a TaksKe MOKET MOIYINPOBATH
aronTos [55, 56], 4To croco6CTBYET YCKOPEHUIO OITy -
XOJIEBOH IPOTPECCUU TIPU PA3HBIX BU/IAX PaKa y ueso-
Beka. Taxske fomeH D2 uPAR moskeT B3anmozeiicTso-
Batb ¢ VEGFR2 u npu ywactu pf-unrerpuna
perysmpoBaTh anruoreres [57]. Ha xysbsrype anmoTe-
JINAJIBHBIX KJIETOK YeJIOBEKa ITOKa3aHo, YTO Peliaiolee
sHauenue /11 VEGF-3aBrucumoro anruorenesa nMeet
B3anmojietictere UPAR ¢ VEGFR2; na noBepxnoctu
BHIOTEMANBHBIX KIeTOK UuPAR o6pasyer KoMmIiiekc, B
coctaB kotoporo mnomMumo UPAR Bxomar rtaxxe
VEGFR2, 8;-unrerpun u LRP-1 (6enok 1-ro Tumna,

stimulates transformation of the single-chain form of
pro-uPA with low activity into a highly active double-
chain form (uPA) [41]. Pro-uPa bound to the receptor
is activated by plasmin located on the cell surface fol-
lowed by plasminogen activation. Thus, the positive
feedback is closed, since plasmin and the two-chain
uPA can mutually activate the inactive forms of each
other (fig. 1) [42, 43]. The binding of uPA to uPAR is
important for the enzyme to perform its function as a
plasminogen activator, and it is capable to activate the
intracellular signaling pathways through the interac-
tion of the receptor with a number of transmembrane
proteins of the plasma membrane (fig. 2). The uPA-
uPAR interaction leads to activation of a number of
regulatory proteins, such as paxillin, DNA-binding
transcription activators and a number of kinases acti-
vating various signal pathways, for example
ERK/Arf6, p38 MAPK, etc. [44, 45]. As an adhesion
receptor, uPAR binds vitronectin and fibronectin, ad-
hesive components of ECM [46]. Different sites of the
receptor participate in the interaction of uPAR with
uPA and vitronectin, which makes it possible to bind
both ligands simultaneously [12]. In addition, uPAR
interacts with some plasma membrane proteins, inte-
grins and growth factor receptors (GPCR) including
EGFR, VEGFR, etc., which are currently considered
uPAR co-receptors (fig. 2) [4, 12]. The receptor is en-
coded on chromosome 19¢3. The protein product of
the human uPAR gene (PLAUR) represents a protein
of 335 aar, which includes the N-terminal secretory sig-
nal peptide of 22 aar and the C-terminal region of the
30 aar. uPAR is a highly glycosylated protein with a
Mw of 55-60 kDa that contains three domains (D1,
D2, and D3) linked by disulfide bridges. Amino acid
sequences of domains have low homology [47—49]. All
three uPAR domains participate in formation of the
binding site with the enzyme. It has been found that
D1 is necessary for binding the receptor to uPA
through amino acid residues Arg 53, Leu 55, Tyr 57 and
Leu 66 [47, 48]. When uPA interacts with uPAR, D1
and D3 converge resulting in the closure of the recep-
tor in the ring with exposure of the active site located
between D1 and D2 on the surface of the molecule
[50]. This change in the uPAR conformation opens up
areas of the amino acid sequence, which are responsible
for its signalling functions, as well as for binding to
ECM proteins and integrins [49]. The interaction of
uPAR with integrins activates intracellular signaling
pathways that affect the migration of fibroblasts,
smooth muscle and endothelial cells, as well as the
processes of proliferation, differentiation and adhesion
(fig. 2) contributing to tumor progression [51]. It has
been demonstrated that D2 and D3 domains partici-
pate in interaction with integrins; an amino acid se-
quence 130-142 aar the binding site of D2 with
integrins avf; and asf3,, whereas the fragment of
240-248 aar are required to bind D3 to a8, integrins
[52]. Tt has been recently found out that 130—-142 aar
of the D2 domain are involved in formation of a macro-
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CBI3aHHBIN C PEIENTOPOM JIMIONPOTENHOB HU3KOM
mnoraocTr) [58]. Tlpeanonaraercs, 4To MexaHU3M
MENCTBISI TAKOTO KOMILIEKCA OCHOBAH Ha 00eciedyeHrn
B-uHTeTpuHOM B3anMmojelicTBus Mexay uPAR nu
VEGFR2, xotopsrit uepes uPAR csizpiBaercs ¢ LRP-
1 ¢ mocsietyTonIeit MHTEPHATU3AINI BCETO KOMILTIEKCA,
YTO UTPaeT KJIOYEBYIO POJb B WHIYITUPOBAHUU
VEGFR2-3aBucumMoro curnajira 1 ocyecTBIeHUN
ero 6uonorndeckux apdexros. JIunkepras 061acTb
uPAR, pacnionoxennas mexxy D1 u D2, oyensb uys-
CTBUTENbHA K JICHCTBUIO PA3JWYHBIX IPOTEUHA3,
Brutoyass uPA. Ilporeosmtnueckoe paciiernienve B
9TOM 0bJTacTH MPUBOAKT K yaaseHuto D1 1 o6pasosa-
HUIO O0JIee KOPOTKOI (POPMBI PELeIITopa, COCTOSIIEH
u3 D2 u D3, koTopast Tepsier criocoOHOCTh K CBSA3hIBA-
mmio uPA [59]. Pacteopumas popma uPAR ocBo60K-
JIaeTCs U3 MIasMaTHIeCcKoil MeMOpaHbl PH pacIiern-
meaun I'DU-gaxops perernropa Mo AedCTBIEM
crenupUIecKux rInKo3uI-(hochaTuana-nHO3UTOb-
HpIX (ochopunaz C mim D [60]. PactBOpmmbIe
WHTAKTHBIE 1 TIO/[BEPTTITHECS PACTIETVICHIIO BADUAHTBI
uPAR o6Hapy/KeHBI B PasJUUHBIX TKAHSIX U KHIKO-
CTSIX opranuamMa. [1oBBITIEHHBIN YPOBEHD PACTBOPHU-
MbIx (hopm UPAR Haboaercst B miasMe TalieHToB
pu pake [61]. Boicokas akcrpeccust uPAR sBisierca
MapKepOM arpecCUBHOTO TEUEHUS PaKa, B CBSI3U C €TO
CIIOCOOHOCTHIO YCHJIMBATH TIPOIECCHI NHBA3MH, METa-
cTasupoBaHus U aHrHoreHesa [62]. TakuM 06pasom,
B3anmozeiicrere uUPAR ¢ uPA, npusosgsiiee k 06paso-
BaHWIO TJIA3MUHA, IIPOMCXOUT KaK HA MTOBEPXHOCTH
KJIETKH, TaK U B IEPUTIEJITIOJIIPHOM TIPOCTPAHCTBE, UTO
nTpaeT KI04YeByT0 Poh B mpoitecce gerpagann CTM
1 obecreyrBaeT PasBUTHE TIPOIECCOB MPOJIH(EPAIHH,
pocra, nHBa3uu 1 anruorenesa [ 1, 2, 4, 39, 51, 63-66].

IHIOreHHble HHTHOUTOPBI
uPA — PAI-1 u PAI-2

CrerduuecKuMy SH0TeHHBIMI UHIMOUTOpA-
mu uPA, cBg3bIBaHE ¢ KOTOPBHIMU IPUBOJUT K 0OPa30-
BAHUIO HEAKTUBHBIX KOMILJIEKCOB, BIA0TCST PAI-1 1
PAI-2 (puc. 1). Onu oTHOCATCS K CEMENCTBY CEPITMHOB
— UHTHOMTOPOB CEPUHOBBIX MpoTenHas. [Ba Apyrux
YJIeHa ceMelcTBa CepIHOB — TPOTenHa3a HeKCuH-1 n
urrn6uTop Geaka C (PAI-3) Takike criocoOHBI B3aUMO-
JeiictoBath ¢ UPA, 07iHAKO MX BKJIa/ B MHTMOUPOBAHLE
aktBHOCTH UPA Menee cymiectBenen [67, 68]. PAI-1
WTPaeT PEMAoNIyIO POJTh B PETYJIISIINN HAYaIbHBIX CTa-
it pubpuHosmsa. OH gBJsiercs ObICTPOAEHCTBYTO-
UM HHIUOUTOPOM, KOHIIEHTPAIIHsI KOTOPOTO B IJIa3Me
Ha Mops/IoK Bhite, yeM PAI-2 [16, 17].

HHruOouTop aktuBaTopa
mwia3muHorena tuna 1 — PAI-1

PAI-1 wmu ceprina-1 ABJISIETCS OCHOBHBIM MHTH-
6utopom uPA. PAI-1 Gbu1 o6HapysKeH B KyJbType
9H/IOTEJINATHHBIX KIIETOK YeJIOBEKA, & 3aTEM B ILJIA3ME,
TPOMOOIIMTAX, IJIAIIEHTE U KyJIBTypax KJIeToK pubdpo-
CapKOMBI 1 TenatonuToB. OH TakKe MPOIYIUPYETCs

molecular complex, which includes avf, and epidermal
growth factor receptor (EGFR) in its composition.
The mechanism of complex functioning is based on the
EGFR transactivation, which is carried out by the avp,
integrin, when it is bound to uPAR. The mitogenic sig-
nal initiated by uPAR and mediated by EGFR stimu-
lates cell proliferation [53] and migration [54], and can
also modulate apoptosis [55, 56], which contributes to
the acceleration of tumor progression in different types
of cancer in humans. D2 uPAR domain can also inter-
act with VEGFR2 and regulate angiogenesis with the
participation of ;-integrin [57]. It has been shown in
human endothelial cell culture that uPAR and
VEGFR2 interaction is crucial for VEGF-dependent
angiogenesis; uPAR forms a complex on the surface of
endothelial cells composed of VEGFR2, §,-integrin
and LRP-1 (low density lipoprotein receptor-related
protein 1) in addition to uPAR [58]. Tt is assumed that
the mechanism of action of such a complex is based on
the provision of the interaction between uPAR and
VEGFR2 with f§,-integrin, which binds to LRP-1
through uPAR with subsequent internalization of the
whole complex, which plays a key role in the induction
of VEGFR2-dependent signaling and implementation
of its biological effects. The uPAR linker region located
between D1 and D2 is very sensitive to the effect of var-
ious proteinases, including uPA. Proteolytic cleavage in
this region leads to elimination of D1 and formation of a
shorter receptor form consisting of D2 and D3, which
loses the ability to bind uPA [59]. The soluble uPAR form
is released from the plasma membrane during cleavage of
the receptor GPI-anchor under the effect of specific gly-
cosylphosphatidylinositol phosphorylases C or D [60].
Soluble intact and cleaved uPAR variants are found in
various tissues and body fluids. The increased level of sol-
uble forms of uPAR is observed in the plasma of cancer pa-
tients [61]. High expression of uPAR is a marker of an
aggressive cancer due to its ability to enhance the processes
of invasion, metastasis and angiogenesis [62]. Therefore,
the interaction of uPAR with uPA leading to formation of
plasmin, occurs both on the cell surface and in the pericel-
lular space, which plays a key role in the ECM degradation
and ensures the activatuing of proliferation, growth, inva-
sion and angiogenesis [1, 2, 4, 39, 51, 63—66].

Endogenous uPA inhibitors:
PAI-1 and PAI-2

PAI-1 and PAI-2 are specific endogenous uPA in-
hibitors, binding to which results in formation of inac-
tive complexes (fig. 1). They belong to the family of
serpins, i.e. serine proteinase inhibitors . The other two
members of the serpin family, i.e. protease nexin-1and
C protein inhibitor (PAI-3), can also interact with uPA,
however, their contribution to inhibition of the uPA ac-
tivity is less significant [67, 68]. PAI-1 plays a crucial
role in the regulation of the initial stages of fibrinolysis.
It is a fast-acting inhibitor plasma concentration of
which is 10 times more than that of PAI-2 [16, 17]
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TJIAJIKOMBITIIEYHBIME KJIETKAMHU COCYI0B, (hubpodia-
CTaMu, MOHOIIUTaMK/MakpodaraMu 1 CTPOMaJIbHBIMU
kaeTkamu xupoBoit Tkanu [16]. PAI-1 xogupyercs
reHoM serpinel, pacmoJio;KEHHOM Ha XpOMOCOMeE
7q21,3-q22 [16]. PAI-1 gaBasgercst TIIUKOTIPOTENHOM C
M.Mm. 45k /]a, coCTOANMM U3 OAHON IMOJUIIEIITUAHON
1enu, B coctaB kotopoit Bxoaut 379 nim 381 a.o. B C-
KOHIIeBOI yacTu MoJiekysbl PAI-1 naxomaurces caiir
cBasbiBanus ¢ UPA uepes mentugnyio cBsa3b Arg 346-
Met 347 [16]. PAI-1 6bicTpo pearupyert ¢ uPA, o6pa-
3ys1 CTaOUIIbHBII KOMILIEKC co crexuoMerpueii 1:1 [6].
PAI-1 moseT cBA3BIBATHCA C BATPOHEKTUHOM U BJIU-
ATh Ha KJETOYHYIO aire3uio m Murpamuio [52, 53].
Kpowme Toro, mokazano, uto PAI-1 moxeT TOpMO3UTH
arronrros. Ozgnaxo crniocodnocth PAI-1 nnrubuposarsb
arorTo3 U MOJYJINPOBATD JITE3UI0 1 MUTPAIUIO, T10-
BUIIMOMY, He 3aBUCHUT OT €ro CrocOOHOCTH WHTHOH-
poBatb uPA [68—70]. Ycranosseno, uto PAI-1 npony-
IUpYyeTcs KakK OIYXOJIEBBIMHU, TaK U HOPMAJIbHBIMU
KJIETKAMHU OIYXO0JIEBOTO MUKPOOKPY KEeHN, BKIIOUas
9H/IOTEJINANIbHBIE KIETKH, MaKpodaru 1 afiuiomnuThbl.
B nacrosiee Bpems rymoporennyio poab PAI-1 cBs-
3BIBAIOT C €r0 CHOCOOHOCTBIO YCUINBATD HHBAZHIO U
OITYXOJIEBBIN aHTHOTEHES, YTO KOPPEJIUPYET C TIITOXUM
nporHosom [71].

Nuruourop akTuBaTopa
mwrasmuHorena tumna 2 — PAI-2

PAI-2 (cepriun-2) coniepKuTcs B 1J1a3Me B 04eHb
HU3KNX KOHIIeHTpalusax. OH IPUCYTCTBYET B I€TEKTH-
PYEMBIX KOJIMYECTBAX B KPOBH TOJBKO BO BpeMst Gepe-
MEHHOCTH, TaK KaK Mpoaynupyercs rarentoit. PAI-2
uHrHOUpyeT akTUBHOCTL UPA B Gosibiieli cTeneny, yem
tPA. Ou neiictByer Mmeientee, yem PAI-1, konienrpa-
1[1sI KOTOPOTO B T1JIa3Me Ha 1opsiiok Boiie [17]. PAI-2
KOZIUPYETCS TeHOM Serpine2, pacioIoKeHHbIM Ha XPO-
Mocome 18q21.3. TpaHcKpuIius reHa MOy IUPYETCsT
Pa3JINYHBIMU PETYJIATOPHBIMU (DaKTOPAMU, BKIIOUAS
TOPMOHBI, ITUTOKUHBI 1 (hakTopbl pocta [2, 72]. PAI-2
OTHOCHUTCS K TPYIIIIE CTPYKTYPHO KOHCEPBATUBHBIX, HO
(OYHKIIMOHATIBHO Pa3HOOOPA3HBIX CEPIUHOB, U3BECT-
HBIX KaK 0BaIb0yMuHOII0n001b1e ceprunel [17]. PAI-2
CymiecTByeT B 2-x hopMax, repBasi u3 KOTOPBIX TIPEJI-
cTaBjIsteT co00i BHYTPUKIETOUHbI 6eok ¢ M.m. 47
k/la, cocrostiuii 13 415 a.0., ¢ TpeMsI TIOTEHITHATBHBIMU
caifTaMy TJIMKO3WJINPOBaHMs, a BTopas hopma sBJIsieT-
Cs1 CEKPETUPYEMbIM BHEKJIETOYHBIM TJINKO3UJINPOBAH-
HbIM Gesikom ¢ M.m. 60 k/]a. Peak THBHBII LIEeHTp WHIH-
6uTopa BKJIIOYaeT nentuanyio casb Arg380-Thr381,
KoTopas, Kak u B ciaydae PAI-1, npunumaer yuactue BO
B3aumoyieiictBun ¢ UPA. Bosbiiag yacte PAI-2 mnpej-
CTaBJIeHa HETJIUKO3UIUPOBAHHBIM OETKOM, COXPAHSIIO-
HIMMCS BHYTPHU KJIETKH, TOT/IA KaK B BUJIE TJIMKO3UJIH-
POBaHHON (hOPMbBI CEKPETUPYETCs JIHIIb HEGOIbINAst
vacth PAI-2. Cexperupyemsiii 6e1ox PAI-2 apiaserca
noctaTouto addexTuBHbIM HHrEOITOpOM UPA, x0T
oH jseiictByer Mmejentee, yuem PAI-1 [17, 73]. Ou
I0CcTaTouHo d(MPEKUBHO MHIUOUPYET CBA3bIBAHIE

Type 1 plasminogen
activator inhibitor: PAI-1

PAI-1 or serpin1 is the main uPA inhibitor. PAI-
1 was first found in human endothelial cell culture,
and then in plasma, platelets, placenta, and cell cul-
tures of fibrosarcoma and hepatocytes. It is also pro-
duced by vascular smooth muscle cells, fibroblasts,
monocytes/macrophages and adipose tissue stromal
cells [16]; PAI-1 is encoded by the serpinel gene lo-
cated on chromosome 7q21.3-q22 [16]. PAI-1 is a gly-
coprotein with a Mw of 43kda consisting of one
polypeptide chain, which includes 379 or 381 aar. In
the C-terminal part of the PAI-1 molecule, there is a
site of binding to uPA via Arg 346-Met 347 peptide
bond [16]. PAI-1 reacts rapidly with uPA to form a
stable complex with 1:1 stoichiometry [6]. PAI-1 can
bind to vitronectin and affect cell adhesion and mi-
gration [52, 53]. Besides, PAI-1 has been shown to in-
hibit apoptosis. However, PAI-1 ability to inhibit
apoptosis and modulate adhesion and migration does
not seem to depend on its ability to inhibit uPA [68,
69, 70]. It has been found that PAI-1 is produced by
both tumor and normal cells in the tumor microenvi-
ronment, including endothelial cells, macrophages
and adipocytes. At present, the tumorigenic effect of
PAI-1 is associated with its capability to enhance in-
vasion and tumor angiogenesis, which both correlate
with poor prognosis [71].

Type 2 plasminogen
activator inhibitor: PAI-2

PAI-2 (serpin2) is found in plasma at very low
concentrations. It is present in detectable amounts in
the blood only during pregnancy, because it is pro-
duced by the placenta. PAI-2 inhibits uPA activity to
a greater extent than tPA. It acts more slowly than
PAI-1, whose plasma concentration is 10 times more
then that of PAI-2 [17]. PAI-2 is encoded by the ser-
pine2 gene located on chromosome 18q21.3. Gene
transcription is modulated by various regulatory fac-
tors, including hormones, cytokines, and growth fac-
tors [2, 72]. PAI-2 belongs to a group of structurally
conservative but functionally diverse serpins known as
ovalbumin-like serpins [17]. PAI-2 exists in 2 forms,
the first of which is an intracellular protein with a Mw
of 47 kDa, consisting of 415 aar with three potential
glycosylation sites; and the second form is a secreted
extracellular glycosylated protein with a Mw of 60
kDa. The reactive center of the inhibitor includes pep-
tide bond Arg380-Thr381, which, takes part in the in-
teraction with uPA as in the case of PAI-1. A
non-glycosylated protein stored inside the cell is the
most common form of PAI-2, whereas only a small por-
tion of PAI-2 is secreted as a glycosylated form. The
PAI-2 secreted protein is a rather effective uPA in-
hibitor, although it acts more slowly than PAI-1 [17,
73]. It effectively inhibits the uPAR binding to uPA
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Fig. 4. The role of uPA-system in tumor progression.

Note. uPA — urokinase-type plasminogen activator; uPAR — uPA receptor; uPA inhibitors — PAI-1 and PAI-2. uPA binding to uPAR acti-
vates uPA and initiates a further proteolytic cascade, including formation of plasmin and MMP activation, which ultimately leads to degra-
dation of extracellular matrix proteins and release of regulatory molecules (growth factors, cytokines, etc.). uPAR binding to vitronectin
and co-receptors activates intracellular signaling. Both pathways influence the processes of cell migration, adhesion, proliferation, apoptosis
and EMT induction, which plays a key role in the main processes of tumor progression, i.e. invasion, metastasis and angiogenesis.
IIpumeyanue. uPA — akTuBaTOp IJIA3MUHOTeHa ypoknHasHoro Tuma, UPAR — penenrrop uPA; naru6utopsr uPA — PAI-1 u PAI-2. Css-
spiBanne UPA ¢ uPAR aktusupyer uPA n HHUIMEPYET AATBHENITHI TPOTEOTNTHYECKUH KACKaJ, BKIIOYAIOIIIN 00pasoBaHe IIa3MITHA 1
axruBaruio MMII, IpUBOAAIIIMNI, B KOHEYHOM CUETE, K AErpaiaiiuil GeJKOB BHEKIETOUHOTO MATPUKCA U OCBOOOKACHHIO PETYISATOPHBIX
MoJieKyJT (pakTOpBl pocTa, MUTOKUHEL, 1 1P.). CBsasbiBanue uPAR ¢ BUTpOHEKTHHOM U KO-PeleNTOPaMU aKTHBUPYET BHYTPUKIETOUHBIN
curnaauar. O6a myTH OKa3bIBAIOT BJAMSHUE HA [POIECCH KIETOYHON MUTPAIIMY, A/re31H, NPoardepalliy, anonTo3a U HHIYUPOBAHUS
IMII, uTo Urpaet KI0UYEBYIO POJIb B OCHOBHBIX IIPOIIECCAX OITyXOJIEBOI TPOrPECCUi — UHBA3UU, METACTA3UPOBAHIU U AHTHOTEHE3e.

uPAR c uPA [68]. [lokazano, 4TO BHYTPUKJIETOUHBII
PAI-2 mosxeT urpaTh poJsib B KOHTPOJIE aronTosa | 75,
76,]. Ectb nannbie, uro PAI-2 yyactByet B perysdnuu
PeMOojIeIMPOBAHNUS KOJLJIAT€HA B CTPOME, UTO BJIUSIET HA
POCT OIYXOJIM ¥ MHBA3UIO [74]. YcTaHOBJIEHO, UTO YPO-
BeHb PAI-2 3HaunTe/IbHO BBIIIIE IPU 3JI0KAYECTBEHHbIX
OIYXOJISAX TI0 CPABHEHUIO € 10OPOKAYECTBEHHBIMHU, A
noBbITeHHas1 aKcpeccus UPA-2 accoruupoBana ¢ yBe-
JINYEeHUEeM CPOKa JKU3HU IAI[HeHTOB, yMEHbIIEHUEM
METACTa30B U CHU)KEHUEM CKOPOCTH POCTA OIMYXOJIH
IIPU PA3JIMYHBIX TUTIAX paKa [73, 74].

Yuacrue cucrembl uPA B nnpoieccax
KaHIleporeHe3a, BOCIaJIeHuUs,
Heiiporenesa u puOpUHOIN3A

Kanneporenes. [Ipoteonutudeckue u perysis-
Topuble GyHKIUU cucTeMbl UPA Hanboee SIpKo BhIpa-
JKEHBI B PETYJAINN TaKUX KU3HEHHOYTPOKAIONUX
COCTOSTHUI KaK KaHIlepoTeHes, BocnaaeHue, Heitpore-
He3 1 pubpunoIN3 |2, 4, 8, 9]. OHkosmOrNUECKHE 3260-
JIEBAHUS 3aHUMAIOT BTOPOE MECTO TI0 3a00JIeBAEMOCTH
U CMEPTHOCTHU TMOCJIE CEPIEYHO-COCYTUCTRIX 3a00Te-
BaHUI, B YaCTHOCTH, MTOCJIE MHCYJIBTA TOJIOBHOTO MO3Ta
1 mHdapKTa MUOKap/a. YCTAaHOBJIEHO, YTO PAKOBBIE
KJIETKU 3KCIIPECCUPYIOT KOMIOHEHTHI UPA cuctembpl
3HAUUTETBHO 2 (PEeKTUBHEE, YEM KJIETKU HOPMAJTBHBIX
TKaunei [2, 4, 8, 9] (puc. 4).

uPA cucrema urpaet Kio4eByio poJib B pa3Bu-
THU MTPOIECCOB MHBA3UM, METACTA3UPOBAHUS U AHTHO-

[68]. Tt is shown that intracellular PAI-2 may con-
tribute to the control of apoptosis [75, 76]. There is an
evidence that PAI-2 is involved in the regulation of col-
lagen remodeling in the stroma, which affects tumor
growth and invasion [74]. It has been found out that
the PAI-2 level is significantly higher in malignant tu-
mors as compared to benign ones; and an increased ex-
pression of uPA-2 is associated with increasing the
patients' life span, decreased metastases and rate of
tumor growth of various types of malignancies |73, 74].

The involvement of the uPA system
in carcinogenesis, inflammation,
neurogenesis and fibrinolysis

Carcinogenesis. Proteolytic and regulatory func-
tions of the uPA system are most evident as regulators
of life-threatening conditions: carcinogenesis, inflamma-
tion, neurogenesis and fibrinolysis [2, 4, 8, 9]. Oncolog-
ical diseases occupy the second place in morbidity and
mortality after cardiovascular diseases, in particular,
after stroke and myocardial infarction. It has been found
out that cancer cells express the components of the uPA
system much more effectively than normal tissue cells
(fig. 4) |2, 4, 8,9 ]. The uPA system plays a key role in
the development of invasion, metastasis and angiogen-
esis processes, which are responsible for the progression
of malignant tumors (fig. 4) [14, 32—34, 38]. The in-
creased uPA and uPAR expression stimulates activation
of the proteolytic cascade, including activation of plas-
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reHe3a, KOTOpbIE OTBEYAIOT 32 MIPOIPECCUIO 3JI0KaYe-
cTBeHHbIX orryxoJelt [14, 32—-34, 38] (puc. 4). YBenu-
yenHas sakcripeccus uPA u uPAR ctumysupyet akTu-
BaIMIO TIPOTEOTUTUYECKOTO KacKajla, BKJIIOYAIONIETO
AKTUBAIMIO TIJIA3MUHOTEHA W TIPEBPAICHUSA €ro B
MJIA3MIH, KOTOPBIN, TOMUMO y4acTusi B GUOPUHOIHUSE,
BoBJIeUeH B THposm3 Genkos CTM, a Takke akTHBa-
IUIO TPeAIeCTBeHHUKOB cekpetupyembix MMIL.
MMII criocoGHBI THAPOIM30BATH BCE OCHOBHBIE KOM-
noHeHTsl CTM 1 BBITIOJHATD KJIIOYEBYIO POJIb B pa3-
BUTHM TIPOIECCOB MHBA3UM, METACTA3UPOBAHUSA U
anruorenesa [4, 7, 32—37]. MMII napany c uPAR
BBITIOJIHAIOT W Ba)kKHBbIE PETYJISATOPHBIE (DYHKINU
MyTeM aKTUBAIMU UJIA OCBOOOKACHUS CBA3AHHBIX C
CTM 6uosiornvecku akTHBHBIX MOJIEKYJI, Y9aCTBYIO-
MIMX B PETYJIAIMH TPOIECCOB, HAITPABJIEHHBIX Ha OITY-
XoJieBylo tiporpeccuio [6, 12, 14, 25, 29, 38, 39, 44—46].
Bonbiioii skcniepuMeHTaNbHbBIN 1 KITMHUYECKUH MaTe-
pHaJ TT03BOJIUI YCTAHOBUTD YYACTHE OT/IEIbHBIX KOM-
nmoHeHToB cucTeMbl UPA B 1poiiecce KaHieporenesa u
MCIOJIb30BaTh UX B KauecTBe Mapkepos [9]. Boicokas
srcrpeccust uPA Habmoaach B aKTHBHO WHBA3U-
PYIOIIMX U METACTa3UPYIOIINUX OITyX0JIIX 110 CpaBHe-
HUIO C IEPBUYHBIMU OMYXOJISIMU U SBJISAJIACH TOKA3a-
TesieM 00mIel 1 Ge3PeuANBHON BbIKMBAEMOCTH, a
uHrn6upoBanye UPA TPUBO/IIIO K CHIKEHUIO POCTA,
WHBa3WM M MeTacTazupoBanwus omyxosu [1, 2, 18].
Ixcrpeccust UPAR Takske kak u uPA koppenupyer ¢
arpecCUBHOCTBIO OIyX0Jin. BakHO OTMETUTD, YTO yBe-
Jgudenne skcrpeccun uPAR npoucxoant B TKanu orry-
X0JIM, HO He B MpUJeraionieii HOpMaJabHOW TKaHU.
uPAR ciry>xuT X0oporiieii TepareBTHYeCKO MUTIIEHbIO,
Ha KOTOPYIO HalpaBJeHa pa3paboTKa psijia JTeKapCT-
BEHHBIX 1Ipenaparos [1, 4,9, 77, 78]. Muruburop PAI-
1 mpuHUMaeT yyacTre B MHTMOUPOBAHUN TIPOIECCOB,
WHBA3UK U METACTA3UPOBAHUS TTyTEM HHTHOMPOBAHVST
uPA 1 IpoTe0NMTIYECKOTO KacKala, BKIIOYAIOIIETO
axtuBaiunio mrasmunoredsa 1 MMII. Oxnaxko PAI-1
MOJKET Takyke GJIOKUPOBATH MPOTEUHASHI, Pa3pPyIIaio-
e OYXO0JIb, U 3AIUIIATH OITYX0JIb OT TIPOTEOIH3A.
CremoBaTeibHO, BBICOKUH YpOBeHb aKcIipeccuu PAT-
1 MOXKET CITYsKUTDh TIPEIMKTOPOM HEOIATOTPUATHOTO
MIPOTHO32a M YKa3bIBaTh Ha ITOBBINICHHBIN PUCK BO3-
HUKHOBEHUSI METACTA30B U PEIUAMBOB omnyxoJn [16,
68, 71]. B orommune ot PAI-1Bbicokas akcripeccust PAI-
2 cBsI3aHA € yBeJIMYEHUEM CPOKA SKU3HU MallUEeHTOB,
YMEHbBIIIEHUEM YUCJIa METACTa30B U CHUKEHUEM CKO-
POCTH POCTA OITYyXOJIH TIPY Pa3IMYHBIX THTIAX paka [73,
76, 77]. Cnenyet noguepkuyTh, uto UPA-crcrema pac-
CMaTpUBAETCS KaK O/[HA U3 TIEPCIIEKTUBHBIX MUIIICHEH
JIJIsT TIPOTUBOOTTYX0JIeBO# Teparuu [39, 59, 77-79].
Bocnasenue. B MHoOroctyneHuyaTtoMm Ipoiiecce
BOCIIATIEHUSI MUTPAIXA JIEHKOIIUTOB B 0Yark BocIiaje-
HUA SBJIFETCH KJIIOUEBLIM 3BEHOM IaToreHe3a. JTOT
ITPOIIECC XeMOTaKCHCa HAYMHACTCS C BBIXO/IA JIEHKOTIH-
TOB U3 KPOBEHOCHBIX cOCY/IOB B TKaHb [80] (puc. 5). On
ITPOMCXOJIUT U B HOPMeE, HO TIPU BOCITAJIEHUU MUTPAITUS
JICHKOIIMTOB 3HAUYNTEJILHO yBesnynBaercs. Jlelkom-
TBI BBIXOJIAT U3 COCYZIOB Ha <CTBIKE» MEK/LY dHIOTEH-

minogen and its transformation into plasmin, which, in
addition to participation in fibrinolysis, is involved in
hydrolysis of ECM proteins, as well as in activation of
precursors of secreted MMPs. MMPs can hydrolyze all
major ECM components and play a key role in invasion,
metastasis and angiogenesis [4, 7, 32—37]. MMP along
with uPAR perform important regulatory functions by
activating or releasing ECM-related biologically active
molecules involved in the regulation of processes asso-
ciated with tumor progression [6, 12, 14, 25, 29, 38, 39,
44—-46]. Accumulated experimental and clinical data
have clarified contribution of uPA system components
to carcinogenesis and to developing the biomarkers of
pathological conditions [9]. High uPA expression was
observed in invasive and metastatic tumors compared
to primary tumors and was revealed as a prognostic bio-
marker of the overall and relapse-free survival. uPA in-
hibition resulted in reduced tumor growth, invasion and
metastasis [1, 2, 18]. Similarly to uPA, the uPAR expres-
sion correlated with the tumor aggressiveness. It is im-
portant to note that the increased uPAR expression
occurs in the tumor tissue, but not in the adjacent nor-
mal tissue. uPAR serves as a good therapeutic target for
a number of drugs under development [1, 4, 9, 77, 78].
PAI-1 participates in inhibition of the processes of inva-
sion and metastasis through inhibition of uPA and pro-
teolytic cascade that includes plasminogen and MMP
activation. However, PAI-1 can also block tumor-de-
stroying proteinases and protect tumor from proteolysis.
Therefore, a high level of PAI-1 expression may serve as
an unfavorable prognostic factor demonstrating the in-
creased risk of metastasis and tumor relapse [16, 68, 71].
Unlike PAI-1, high expression of PAI-2 was associated
with an increased patients’ life span, decreased metas-
tasing, and a decreasing the tumor growth in various
types of cancer [73, 76, 77]. It has been suggested that
the uPA-system remains one of the most promising tar-
gets for anti-tumor therapy [39, 59, 77-79].
Inflammation. Migration of white blood cells —
leukocytes (WBC) to inflammation foci is a key patho-
genetic element in the multi-stage process of inflamma-
tion. This process of chemotaxis begins with the release
of WBCs from the blood vessels into the tissue (fig. 5)
[80]. It occurs under normal condition, but the WBC
migration is significantly increased in inflammation.
White blood cells come out of the vessels through the
altered junctions between endothelial cells. This process
occurs due to the interaction of WBC adhesive mole-
cules with adhesive receptors (selectins) of activated en-
dothelial cells. As a result, WBC migrate to tissues.
B,-integrins play an important role during the WBC mi-
gration through vascular walls: LFA-1 and CR3, which
are expressed on WBCs and are in contact with en-
dothelial receptors of intercellular adhesion belonging
to the immunoglobulin superfamily. The expression of
these integrins increases in inflammation, which leads
to increased transendothelial migration [80]. The di-
rected movement of WBCs to the focus of inflammation
in the tissues occurs because of chemoattractants that
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BocnajieHHasi TKAHb NPOBOCHAIHTEIbHbIE Inflamed tissue pro-inflammatory cytokines,
nuTokuHbl, TNF-a, IL-1f, XeMoaTTpaKTaHTBI TNF-a, IL-1f, chemoattractants
[ I'unepskenpeccusi uPA u uPAR ) [ uPA and uPAR overexpression )
T L — ) ey

OopasoBanue
Ia3sMHHA

MMII

Plasmin
formation
ECM degradation

(Cell migration, invasion, proliferation J

Integrins,
Vitronectin
EGFR, FPRL-1

Hnrerpunsl,
BHTPOHEKTHH

At EGFR, FPRL-1

Jerpapauust CTM

(Mnrpamm, HHBa3us, NpoJaudepanus KJIeToK )

[Cmmy.rmuna XeMoT NPHTOK JIeii T uu]

B 04Yaru BOCnaJieHusl
Puc. 5. Posb uPA-cucrempl B BOCTIAJIHMTENBHOM IPOIIECCE.
Fig. 5. The role of uPA-system in the inflammatory process.
Note. Inflammation increases the expression of uPA and uPAR. uPA and /or its amino-terminal fragment, which does not contain a catalytic
site, stimulates chemotaxis and WBC migration. While interacting with co-receptors (integrins, vitronectin EGFR, FPRL-1), uPAR stim-
ulates cell migration, invasion and proliferation. The interaction of uPA with uPAR triggers the proteolytic cascade (plasmin formation
and MMP activation), which leads to the ECM degradation and also promotes cell migration and invasion. All these processes ultimately
stimulate chemotaxis and the WBC migration to the inflammation foci.
IIpumeuanue. [Ipu Bocnanenuu nmpoucxoant yBeandenue sxcrpeccun UPA u uPAR. uPA u/wim ero aMunokoHIeBoii hparMent, He co-
JIepIKaIuil KaTaTUTUYeCKOTO caliTa, CTUMYJINPYeT XeMOTaKCHUC M MPUTOK JeiikonnToB. UPAR mpu B3anMozeiicTBUN ¢ KO-perentopaMmn
(unrerpunami, ButpoHekTuHoM EGFR, FPRL-1) ctumysupyer murpaiuio, nHBazuio u npoJmndepanuio kiaetok. Bzanmoseiictsue uPA ¢
uPAR sarnyckaer nporeosiutnueckuii kackas (obpasosanue miasmMuia 1 akruBais MMIT), koropsiii npuBoaut K Aerpaganun CTM u
Tak’ke CocoOCTBYET MUTPAIIMN M MHBA3UH KJIETOK. BCe 9TH MPOIIECCHl, B KOHEYHOM CYETe, CTUMYJIMPYIOT XEMOTAKCHC 1 MIPUTOK JIEHKOINTOB

i

Stimulation of chemotaxis,
‘WBC migration to the inflammation foci

B O4aru BOCIIAJICHU .

AJBHBIMU KJIETKAMU. IJTOT IPOIecC IIPOUCXOIUT B
pesyJbTare B3auMOJEHCTBUSA AJTe3WBHBIX MOJIEKYJI
JIEKOIIMTOB € aKTUBUPOBAHHBIMU KJIETKAMU 9HJI0Te-
Jiigd, Ha IOBEPXHOCTH KOTOPBIX IPU BOCHAJIEHUU
HOSBJIAIOTCA crielnruyecKue a/ilre3uBHbIE PelerTOPbl —
CEJIEKTUHBI, KOTOPble 0OECIednBAIOT HAPABJIECHHOE
JBUKEHME JIEHKOIIUTOB B T€ TKAHU, IJle OHU HYXKHBL
[Ipn murparnum JefiKOIUTOB Yepe3 CTEHKU COCYI0B
BaykKHasI POJib OTBONTCsI B,-unTerputam: LFA-1u CR3,
KOTOpBIE 9KCTIPECCUPYIOTCS Ha JICHKOIMTAX 1 KOHTAK-
TUPYIOT C 9HJIOTETMATBHBIME PEIETTTOPAMU MEKKJIIE-
TOYHOI a/Ire31K U3 CyIiepceMeiicTBa IMMYHOTJIO0Y -
HOB. ITO CMOCOOCTBYET CBA3LIBAHUIO JIEHKOIUTOB C
SH/IOTETMAMBHBIMI  KJIETKAMU. IKCIIPECCHsT ATUX
WHTETPUHOB yBEJIWYUBACTCS TIPU BOCTAJICHWH, UTO
MIPUBOIAT K YCUJICHUIO TPAHCHHIOTETMATTBHON MUTPa-
mn [80]. HampaBienHoe ABWSKeHHE JTEHKOIHMTOB K
oYary BOCMAJICHUS B TKAHSIX TIPOUCXOIUT TIO/T BIUSTHI-
€M XeMOATTPAKTAHTOB, BBI3BIBAIONUX XEMOTAKCHC, a
TaKsKe KOMITOHEHTOB, KOTOPbhIE 00eCTIeYnBAIOT Pa3BH-
THe aToro mporiecca. Crcrema-uPA, B cocTaB KoTOpOIt
BXOJISIT KOMIIOHEHTBI, HAXO/ISIIAECS HA TOBEPXHOCTH
KJICTKW 1 B TIEPHIIEJITIO/ITPHOM IIPOCTPAHCTBE, OTBEYA-
et 3a pasBuTHe XeMoTakcuca [ 10, 80—-82]. KommoreHTHI
uPA-crcTeMbl 9KCTIPeCCUPYIOTCS MHOTIMI KJIETKaMU
PasJIMYHBIX TKAaHEH, B 9acTHOCTH, Jeiikonutamu |80,
83]. Ux axcmpeccust m cekpenus 3HAYUTETBHO yBe-
JIMIUBAIOTCS B TIPOIIECCe BOCTIATIEHNs B OTBET Ha JIefi-
CTBHE XeMOATTPAKTAHTOB, TAKUX KaK MHTEPJICHKIUHBI- |
n -2 (1L-1 u IL-2), uarepdepon y (IFN-y), hakrop Hek-

cause WBC chemotaxis. The uPA system, which in-
cludes components located on the cell surface and in the
pericellular space, participate in chemotaxis [10, 80—82].

The components of the uPA system are expressed
in various tissues and cells, particularly, in WBCs [80,
83]. Their expression and secretion is significantly in-
creased during inflammation response because of the
action of cytokines: interleukins IL-1 and IL-2, inter-
feron gamma (IFN-gamma), tumor necrosis factor-a
(TNF-a), other cytokines (fig. 5) [81, 82, 84]. Rat
studies demonstrated that the N-terminal fragment of
uPA containing a growth factor-like domain and a
kringle domain can induce chemotaxis while binding
to uPAR [24]. It has been shown that uPA induces
chemotaxis, which depends on the binding of the en-
zyme to the cell surface membrane and uPA —uPAR
interaction. Therefore, the proteolytic domain was not
involved in chemotaxis [25]. uPA promotes neutrophil
activation, induces the release of pro-inflammatory
factors from monocytes and has a direct cytolytic ef-
fect on a number of bacteria [4, 81, 82]. uPAR pro-
motes activation, migration and proliferation of
leukocytes through interaction with uPA and inde-
pendently of uPA via interaction with integrins, vit-
ronectin and tissue receptors (fig. 5) [2, 22, 23].
Soluble uPAR forms, which are secreted by activated
neutrophils, possess chemotactic properties [60].
uPAR in migrating cells is focuses on the «leading»
edge of the cell and thus regulates the uPA concentra-
tion and activity on the surface of migrating cells [81].
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posa omyxom-¢ (TNF-a), urokunst u ip. [81, 82, 84]
(puc. 5). B ucceoBanmsx Ha KppIcaX YCTAaHOBJIEHO, UTO
N-konmeBoit pparmerT uPA, cocrosmuii n3 qomMeHa
0A06HOTO (haKTOPY POCTa M KPUHTJI-IOMEHA, ITPU CBSI-
3prBaHnn ¢ UPAR MoskeT nHIyTIMpOBaTh XEMOTaKCHC
[24]. Ilokasano, uro uPA unaynupyer xeMoTakcuc,
KOTODBII 3aBUCHT OT CBsI3bIBaHIsI (hepMeHTa ¢ MeMOpa-
HOU KJIETOYHOH TIOBEPXHOCTH M OT B3aUMOJIEHCTBUS
uPA ¢ uPAR. CraemoBaTenbHO, TTPOTEOTUTHYECKUI
JIOMEH He ydJacTByeT B xemoTakcuce [25]. uPA mpomo-
TUPYET aKTUBAIUIO HEHUTPODUIOB, WHIAYKIUPYET
BBIGPOC TPOBOCIATIUTEIbHBIX (haKTOPOB U3 MOHOIMTOB
u o6JagaeT MpsIMbIM [UTOJUTHYECKUM JeHCTBUEM,
HalpaBJIEHHBIM Ha psi Oakrepuii [4, 81, 82]. uPAR crio-
cOGCTBYET aKTHBAIIMK, MUTPAIUU U TPOJdepanum
JIEHKOIIMTOB KaK yepe3 B3anmMoieiictBre ¢ UPA, Tak u
HezaBrcuMO oT UPA uepes BanMo/ieiicTBre ¢ MHTETpH-
HaMW, BUTPOHEKTHHOM M TKAHEBBIMU PEIENTOPaMH |2,
22, 23] (puc. 5). PacrBopumpbie hopmb uPAR, koTopbie
CEKPeTHUPYIOTCS aKTUBUPOBAHHBIMHU HEUTPOhUIaAMHU,
0061a/1a10T XeMOTaKTIIeCKUME cBoticTBamu [60]. uPAR
B MUTPUPYIONIUX KJETKAX COCPEAOTAuMBAETCS Ha
«JIAANPYIOIIEM»> KPae KJIETKU U TaKUM 00pasoM pery-
JINPYeT KOHIIEHTPAINIO 1 aKTUBHOCTH UPA Ha rmoBepx-
HOCTU MUTrpupylonux kieTok [81]. Ha mogesnu sxuBot-
HBIX YCTAHOBJIEHO, YTO TIPU CHUZKEHUH 9KcIipeccu UPA
nim UPAR mponcxoaut cHMKeHre MUTPAIIU U KOJIN-
YecTBa JIEHKOIMTOB, a TAKKe BRIPAKEHHOCTH BOCTIAH-
tesibHoro orsera [ 10, 81, 82]. Baxueiinryio poJib B MUT-
paru erikoruToB urpaet nectpykimst CTM, kotopas
ocymiectsisiercs MMII. Cucrema-uPA, axcripeccus
KOMTIIOHEHTOB KOTOPOH YBEJTMUNBAETCS TIPU BOCTIAJIe-
HUM, OTBevaeT 3a akTusaiio MMII, koTopbie c11oco6-
HBI TH/IPOJIM30BaTh OCHOBHBIE KOMTIOHeHTBI CTM, uem
00€eCIIeunBAOT MUTPAIMIO KJIETOK ¥ CTUMYJUPYIOT
XEMOTAKCHUC — TMPOIIECCHI, 0OecTIeunBaroIiie IPUTOK
JIEWKOIMTOB B ovar Bocranenust [2, 79, 81, 82]. Murpa-
IUsT JIEHKOIUTOB B OYar BOCMAJIEHUS MTPOUCXO/IUT B
ompe/ieleHHON odepesHOocTH. CHavyajia MUTPUPYIOT
HeNTPOdUIIbI, 3aTeM MOHOIUTHI 1 JIuMMoIuThL. [Ipej-
roJtaraeTcst, 4to GoJiee Mo3/HsIst MUTPAIst MOHOIIUTOR
U JIEHKOITUTOB OOBSICHSIETCS X MEHBIIIEH UyBCTBUTE/Th-
HOCTBIO K XeMoaTTpakTantam. [loce okoHuaHus TIpo-
1iecca BOCIaIeH S IPOUCXOJIAT MOCTETIEHHOE yIaJeHue
JIEWKOITUTOB: TIEPBBIMU AJTUMUHUPYIOT HEUTPO(DUIIBI,
3areM JuMbonuTel 1 MoHouuTel [80-82].
Du6punoau3. OUOPUHOJIUS ABISIETCS YaCThIO
roMeoctasa. IJTOT IMPOIECC BBITIOJHIET BaKHYTO
3AMUTHYIO (GYHKIUIO — MPEJOTBPAIAET 3aKYIOPKY
KPOBEHOCHBIX COCYIOB (DUOPUHOBBIMU CTYCTKAMU
[85-87]. MepmenTOM paspymraomuM GUOPUH CIy-
SKUT IU1asMuH. Paciiensienne (GuOpuHa SBJISETCS
OCHOBHOI usnosornyeckoit pyHkKIuel 1naa3MuHa,
KOTOPBIN WHOT/Ia HasbiBaOT (hubpuHOIM3HOM [87].
[Lrasmus 06pasyeTcst IPY aKTHBAIIMHI TIa3MITHOTE€Ha,
KOTOPBII MMEET BBICOKOE CPOJACTBO K dubpuny. Ipu
CBSI3BIBaHUY ¢ (QUOPUHOM ILJTa3MUHOTEH ITpruodperaer
KOH(OopMaIio, KoTopast JIETKO aKTUBUPYETCS ¥ Tpe-
Bpalraercs B miasmMuH. B dusmnonornyeckux ycio-

It was established on the animal model that a decrease
in uPA or uPAR expression leads to a decrease in
WBC migration and WBC count, as well as the sever-
ity of the inflammatory response [10, 81, 82]. ECM de-
struction by MMPs contributes the most to the WBC
migration. The uPA system, the expression of compo-
nents of which increases in inflammation, is responsi-
ble for the MMP activation, which are capable of
hydrolyzing the main ECM components, thus ensur-
ing cell migration and stimulate chemotaxis, i.e.
processes that ensure the WBC migration to the in-
flammation focus [2, 79, 81, 82]. WBC migration to
the inflammation foci occurs in accordance with a cer-
tain order. First, neutrophils migrate, then monocytes
and lymphocytes do. It is assumed that the later mi-
gration of monocytes and leukocytes is due to their
lower sensitivity to chemoattractants. Gradual elimi-
nation of WBC occurs after the end of the inflamma-
tion: firstly, increased neutrophils are eliminated, then
lymphocytes and monocytes do [80—82].

Fibrinolysis. Fibrinolysis is an element of home-
ostasis. This process performs an important protective
reaction preventing the obstruction of blood vessels
with fibrin clots [85—-87]. Plasmin is the enzyme that
destroys fibrin. Fibrin cleavage is the main physiolog-
ical function of plasmin, which is sometimes called fib-
rinolysin [87]. Plasmin is formed during plasminogen
activation that has a high affinity for fibrin. While
binding to fibrin, plasminogen acquires a conformation
that is easily activated and converted into plasmin.
Under physiological conditions, activation of plas-
minogen is initiated by formation of fibrin, on the sur-
face of which plasminogen and tPA with high affinity
to fibrin are co-located. This co-location increases the
rate of plasminogen activation 1000-fold under the ef-
fect of tPA [3], while new tPA and plasminogen binding
sites are formed on the surface of fibrin under the effect
of plasmin, which increases their concentration on the
fibrin and the degree of fibrin lysis [3, 86, 87]. t PA plays
a crucial role in fibrin cleavage in a clot, since this plas-
minogen activator has a high affinity to fibrin [85, 87].
uPA has no affinity to fibrin and activates plasminogen
mainly in plasma and ECM [10, 88]. In cases of high
concentrations of plasmin, which may occur with in-
sufficient amount of fibrinolysis inhibitors, which, in
turn, can lead to abundant unarrested bleeding. In the
case of insufficient amount of plasmin, which may
occur with high expression of fibrinolysis inhibitors or
with insufficient expression of plasminogen activators,
the destruction of a blood clot will be difficult, and it
can obstruct the vessel partially or completely. This can
lead to stroke, myocardial infarction and other diseases
associated with thrombosis [85, 86].

Neurogenesis. There are data on the key role
of uPA in the development of the central nervous
system. The uPA-uPAR molecular complex is in-
volved in cellular signal transmission during neu-
ronal migration, which is essential for the proper
formation of neural networks in the process of neu-
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BUSIX aKTUBAIUS [JTA3MUHOTEHA MHUTIMUIPYeTCst o6pa-
30BaHueM (GUOPUHA, HA TOBEPXHOCTH KOTOPOTO COJIO-
KaJIM3yIoTcs TiasMutoren 1 t PA, mmerorye BbICOKOe
cpoznctBo K Gubpuny. Takas cosokanusanusi yse-
JIMYUBAET CKOPOCTb aKTUBAIIMH TJIA3MUHOTEHA IO/
nericruem tPA B 1000 pa3 [3], mpu aToMm o eiicTBu-
€M TIa3MITHA Ha TOBEPXHOCTH (hubprHa 00pasyroTest
HOBBIE TIEHTPBI CBA3bIBaHUs tPA 1 ryta3aMunorena, uto
YBEJIMYMBAET UX KOHIEHTpAIUio Ha pubpute u cre-
nens Jmsuca pubpuna [3, 86, 87]. Pemaolryio poJb B
pacuienienuu ¢hubpuna B TpombGe urpaet tPA, T. k.
3TOT aKTUBATOP IJIA3BMUHOTEHA UMEET BBICOKOE CPOJI-
cTBO K (pubpuny [85, 87]. uPA He nmeer cpozcTBa K
(huGpUHY 1 AKTUBUPYET MIA3MUHOTEH B OCHOBHOM B
miazme u CTM [10, 88]. B cayuasix BbICOKMX KOH-
HEHTPAIUi TJIa3MUHA, KOTOPbIe MOTYT BO3HUKHYTD
MPU HEIOCTATOYHOM KOJIMYECTBE MHIMOUTOPOB (hub-
PUHOJIU3A, MOTYT TPOUCXOAUTH OOUIBHBIE TPYIHO-
ocTaHaBJMBaeMble kKpoBoTeyeHus. [Ipu nempocraTou-
HOM KOJHMYECTBE IJIAa3MUHA, KOTOPOE MOXKET
BOBHUKHYTb TIPU BBICOKOIT 9KCIIPECCUN HHTHOUTOPOB
(hbubpUHOIM3A NIIK TIPU HEAOCTATOYHON 9KCITPECCUH
AKTUBATOPOB IJIA3MUHOTEHA, paspylieHue Tpomba
GyJleT 3aTPY/AHEHO, U OH MOJKET TEPEKPHITH COCY
YACTUYHO WJIM MOJHOCTBIO. ITO MOKET MPUBECTH K
UHCYJIBTY, MH(MAPKTY MUOKap/a U ApyruM 3a60JieBa-
HUM, CBSI3aHHBIM ¢ TpoM6Go30M [85, 86].

Heiiporenes. [lonyyennsl nanubie 0 KI04Y€BOM
poau uPA B pazsutuu [[THC. Mosiekyasspubiii Kom-
miiekc UPA-uPAR yuacTByer B keTouHOl Mepesave
CUTHAJIOB TIPU MUTPAIIMK HEHPOHOB, 4TO MMEET CyTIe-
CTBEHHOE 3HAYEHUE [ TTPABUJIBHOTO (hOPMHUPOBA-
HUS HeHPOHHBIX ceTell B mpollecce HeWpUTOreHesa
[88]. Kpome Toro, ycranosiieHa HoBast OMoJiornye-
ckag dynkiusgs uPAR-uPA B kauectBe menmaropa
B3aUMO/ICHCTBUSA MEXK/Y HEHPOHAMU U aCTPOIIUTAMU
Mmoszra [89]. CassiBanue uPA neitponos ¢ uPAR act-
POIUTOB CIOCOGCTBYET BOCCTAHOBJIECHUIO CUHATICOB B
MO3Te, TIOJIBEPTIIeMYCsl UIIEMUYECKOMY TTOBPEXK/Ie-
auio [90]. drta dyukumg me tpedyer oOpasoBaHms
MJIA3MUHA, & OIOCPEyeTCsl Yepe3 aKTUBAIIMIO P
CUTHATBHBIX KHa3 [91].

3akiaoyeHue

Taxum 06pa3oM, MHOTO(MYHKIMOHATbHAST CHCTE-
Ma uPA BbITIOJTHSIET KITIOU€EBbIE (PYHKITUN HE TOJBKO B
npoiecce GuUOPUHOIM3A, OCYIIECTBISISI 3alIUTHBIE
peakiuu u 06ecredynBast PeryJsiiuio HOPMaJIbHOTO
KpOBOTOKA B opranuame. OHa Takke MMeeT BaKHOe
3nauenue B jerpaganuun CTM wu perymsamun psiia
HOPMaJIBHBIX (DU3MOJOTUYECKUX MTPOIIECCOB, TAKUX
KaK pOCT M PeMOJIeTMPOBaHUE COCY/IOB U TKaHeEH,
AHTHOTeHe3, SMOPUOTEHE3, MUTPAIHSI KJIETOK, 2 TAKKE
B IIATOJIOTMYECKUX MPOIleccax |, Mpexk/e BCero, mpu

Jluteparypa
1. Jaiswal R.K., VarshneyA.K., Yadava P.K. Diversity and functional evolu-

tion of the plasminogen activator system. Biomed. Pharmacother. 2018;
98: 886-898. DOI: 10.1016/j.biopha.2018.01.029. PMID: 29571259

ritogenesis [88]. In addition, a new biological func-
tion of uPAR-uPA as a mediator of interaction be-
tween neurons and astrocytes of the brain has been
recently established [89]. The binding of uPA neu-
rons to uPAR astrocytes promotes the restoration of
synapses in the brain exposed to ischemic damage
[90]. This function does not require plasmin forma-
tion, rather it is mediated through the activation of
a number of signaling kinases [91].

Conclusion

Therefore, the multifunctional uPA system
performs key functions not only in fibrinolysis by
carrying out protective reactions and ensuring the
regulation of normal circulation. It is also important
for the ECM degradation and regulation of a num-
ber of normal physiological processes, such as
growth and remodeling of blood vessels and tissues,
angiogenesis, embryogenesis, cell migration, as well
as in pathological processes and, above all, in in-
flammation and carcinogenesis. These functions are
implemented both through the components of the
uPA system and through the products of its activity,
i. e. plasmin and MMPs, thus providing not only the
ECM degradation, but also the activation and re-
lease of a number of biologically active regulatory
molecules. Location of these components on the cell
surface and in the pericellular space link adhesion,
cell migration, proliferation, apoptosis, chemotaxis
to regulation of key physiological and pathological
processes.
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