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60-¢ TOmbI TPOIILIOTO CTOJETUS B CBSI3U

C MPOTPEecCOM B MEIMIIMHE 0C000¢ BHU-

MaHUe WcCclieqoBaTeNieil TIPUBICKIN TIPO-
neccol pubpuHoim3a. B 1952 rogy B mode ObLIin
OOHapyXeHbl «KWHAa3bl», CIOCOOHBIE MpEBpAIIaTh
MJIa3MUHOreH B mia3MuH [1]. B 1954 rony ynanoch
BBIACJIUTh U OYMCTUTH DH3UM, HEIPEPHIBHO BbI-
JensieMblii ¢ MOYOIi, Ha3BaHHBIM B CBI3U C 3TUM
YPOKMHA30U, Wiu ypoUupUHOJIN30KHUHA30M [2,3].
OTOT 3H3UM CIIOCOOEH BBI3BIBATH (PMOPMHOJINU3
AHAJIOTMYHO M3BECTHON K TOMY BpEeMEHHM CTper-
TOKMHa3e, ACUCTBYSI He MpPSIMO Kak (hUOpUHOIM-
TUYECKMM DH3MM, a yepe3 aKTUBALMIO TMJIa3MU-
HoreHa [4]. C Tex mop ypoKMHa3a HENpepbIBHO
MpHBJIeKaJia K cebe BHUMaHWE MCCIeI0BaTeNeH, 1
K HACTOSIIEMY BpeMeHU OIyOJnKoBaHO Ooiee 16
000 crateli, MOCBSIILIEHHBIX 3TOMY 2H3UMY. YcTa-
HOBJIEHO, YTO YpOKMHa3a MpeacTaBjsgeT coboit
MYJIBTUIOMEHHBI MHOTODYHKIIMOHAIbHBIN TTPO-
TeWH, TIPeBpalaloNIUi TJa3MUHOTEeH B IJIa3MUH,
KOTOPBIN MOMUMO Peryasiuuu (pUOpPUHOJIU3A OCY-
LIECTBIISIET aKTUBAIINIO (paKTOPOB POCTA, MOMYJISI-
U0 TMTOKWHOB, TIEIIUHT-PEIETITOPOB, (PeHOTH-
MUYECKYI0 TpaHC(hOpMALIUIO KJIETOK, SKCIIPECCUIO
MPOTEMHOB U aKTMBAIMIO MPOTEOTUTHUYECKHUX
KacKaJoB. OTU MeXaHU3MbI 00eCIIeYMBalOT CTU-
MYJISIAI0 MATPAlMU U Tpojudepannn KIeTOK
oA, AeHCTBUEM YPOKWHA3BI, KJTIOUEBBIX MPOIEC-
COB PEMOICITMPOBAHUS apTepUid, TIPOrPeCcCUpPOBa-
HUSI aTepoCKJiepo3a, PecTeHo3a Iocie MPoLeayp
peBacKyIsSIpU3alliid M aHTHOTeHe3a MPpU WIIEMUN
TKaHeil. bonee 20 ner Ha3aag HaMU ObLJIM HayaThl
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WCCJICAOBAHUS TIO BBISICHECHUIO MEXaHM3MOB yya-
CTUSI YPOKMHA3Bl B MPOLIECCAX PEMOICTIUPOBAHMS
COCY/IOB M aHTHUoreHe3a. Mbl HaJlesSIJIUCh, YTO U3-
YUYEHUE POJIM OTIAEIBHBIX TOMEHOB YPOKHMHA3bl B
pas3sAIUYHbIX PYHKIUSX 3TOTO MPOTEUHA MTO3BOJIUT
HaM pa3paboTaTh Ha OCHOBE MOAUMDUIIMPOBAHHBIX
(opM ypokMHa3bl JIeKApCTBEHHbIE Tperaparsl,
BJIMSIONIME HA 3TU mpolecchl. s 3Toro ObLIn
CO3/1aHbl PEKOMOMHAHTHbIE KOHCTPYKIIUU, TTO3BO-
JISIIOLIME CUHTE3UPOBaTh pa3Hble (POPMbI YPOKU-
Ha3bl U ee OTaeJibHbIe JoMeHbI (puc. 1), apdekTs
KOTOPBIX UCCIIENOBAIIMCH HA MOJESIX MUTPALIAN U
nponudepalii COCYIMCTIX KJIETOK in Vitro 1 MO-
JIEJISIX PEMONCIMPOBAHUS COCYAOB M aHTHMOT€HE3a
Y XUBOTHBIX in Vvivo.

CtpyKTypa ypOKHHA3bI

YpoknHa3a CHHTE3NPYeTCSd DHIOTETUAIb-
HBIMU ¥ TJIaAKOMBIIIEUHBIMU KJIeTKAaMH COCYIIOB,
BNUTENUATBHBIMU KJeTKaMu, ¢pubpobiacramu,
MOHOIIUTaMM/MaKpodaramMm, a TakKxke KJIEeTKaMM
3JI0KAYECTBEHHBIX OMYXOJiel pa3TUYHOTO IIPO-
ucxoxaeHus [5—7]. B cTpykType ypOKMHa3bl
BBIACJISIOT TpU AOMeHa — N-KOHIIEBOM ITOMEH,
MOTOOHBIN BTUIAEepMaTbHOMY (akKTOpy pocTa,
KpuHTI-ToMeH M C-KOHIIEBOM KaTaJNuTHYCCKUMA
JoMeH (puc. 2). YpoknHasza ceKpeTupyeTcs KJeT-
KaMW B BUIE OMHOIEITOYCTHOT'O MOJUIICTITHAA C
MOJIEKYJIsIpHOM Maccoit 54 k/la u cocToslero
n3 411 aMMHOKMCIIOTHBIX OocTaTKoB [7]. OmHO-
IeroyeyHass YpoKMHa3a He CIOCOOHa TPOSIBISITh
MEeNTUIA3HYI0 aKTUBHOCTH B OTHOIIICHWM CUHTE-
THYECKUX CyOCTPaTOB, HO MPH B3aMMOACHCTBUM
¢ TUTAa3MWHOTEHOM CITOCOOHA TpeBpallaTh ero B
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ofHoLeno4ye4yHas
B K _ ypokuHasa (sc-uPA)54 kD)

A —uenb (18 kD) S-S - B -uenb (33 kD)
P AByXxuenoye4yHaa aKTuBHas
ypokuHa3sa (tc-uPA)
Lys1 58 IIe1 59
P AByXuenoye4yHas HeaKTUBHas
ypokuHa3sa (uPA H/Q)
Arg1 56 Phe157
| P | K aMUHOTEePMUHAaNbHbIN

cdparmeHT (ATF)

S-S
% K i _ YpPOKMHa3a ¢ moguduyupoBaHHbIM

«pocTtoBbIM» gomeHom (UPA/GFD)
S-S
j AByXuUenoyeyHasa ypoKuHasa
K _ 6e3 «poctoBoro» gomeHa (UPA/AGFD)
S-S HU3KOMOneKynapHas
ypokuHasa (LMW-uPA)

Puc. 1. Dopmbr pexombunanmuoi ypokurnaswt, nosyueruvie 6 PI'bY PKHIIK. 3decy u na puc. 2: P — domen,
nodobuwill hakmopy pocma («<pocmoeoii» domer), K — kpunen-oomen, Il — npomeosumuueckuiti domeH

Pacuiennexue
nNasMMHOM

B-uenb

Puc. 2. Cmpykmypa o0HouenoueuHoi u 08yxXueno4e4Hoil ypoKuHa3vl
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miaa3MuH. [11a3MuH, B CBOIO o4epelb, SBIISIETCS
aKTUBAaTOPOM YPOKHMHA3bl U TMEPEBOAUT OTHOLIE-
MOYEYHYIO0 YPOKMHA3y B IBYXIIEOUYEUYHYIO (op-
My. JIByxllermoyeyHasl ypoKrMHa3a o0JjlagaeT mpo-
Tea3HOl aKTMBHOCTBIO KaK IO OTHOIIEHUIO K
CHHTETMYECKMM CyOCcTpaTaM, TaK U B OTHOILIEHU U
IJ1a3MHUHOTeHa, MMPUYEM CKOPOCTh pacCIIeTIICHUS
MJa3MMHOTeHa ABYXLIEIIOYEYHOM YPOKMHA30i 60-
nee yeM B 200 pa3s Bblllle, YeM OJHOLIENIOYEUHOM
dopmoii [8]. B cocynucToit cTeHKe IJIa3MUH pac-
merisieT ¢GpuOpMH, YTO CIIOCOOCTBYET pacTBOpeE-
HUIO TpoM0Oa, M HapsAy ¢ YPOKMHA30l aKTUBH-
pyeT MaTpUKCHBIe MeTajonporenHassl (MMIT).
MMII B cBoO o4Yepenb paclieIIsIOT NPOTEUHBI
BHeKJeTouHoro marpukca (BKM) u KommnoHeH-
Thl 0a3aJbHOM MeMOpaHbl, TAKME KaK KOJIJareH,
(pubpoHexTH u naMuHuH [9]. Ilporeonuruue-
CKMI KacKaja Ha MeMOpaHe BemeT K HaIlpaBJIeH-
HOMY JIBMXECHMIO KJIETOK Ojaromapsi pa3pylIeHHUIO
MEXKJETOYHBIX KOHTAKTOB U JIOKAJbHOMY pac-
weruienuio BKM. Kpome Toro, akrupauust u/
WM BbICBOOOXIEHUE JJATEHTHBIX M CBS3aHHBIX C
MaTPUKCOM (PaKTOPOB POCTa CIIOCOOCTBYET TaKKe
YCUJICHUIO XeMOTaKTHUYECKOr0, MUTPALIMOHHOTO 1
MpoucepaTUBHOIO OTBETOB COCYAUCTHIX KJIETOK.

B nByx1iienouyeyHoil ypoKrHa3e MOJaUMNeNnTu/I-
Hble uenu: A (terkast) u b (tskenast) — coenuHe-
HbI MeXAy co0oit nucyabduaHoit cBsa3bio Cysl48-
Cys279. A-uenib BKJIIOYAET B ceOSI «pPOCTOBOIN»
JOMeH, MogoOHbI (akTopy pocta (growth factor
like domain; GFD) u KpuHIJI-IOMEH, a TIpOTeO-
JIMTUYECKU TOMEH BXOOMUT B cocTaB b-uenu. ITo
CBOEH CTPYKTYpE «POCTOBOI» TOMEH TOMOJIOTU-
YeH snuiaepMagbHoMy ¢akTopy pocta. IToxoxeit
CTPYKTYpOU 00J1afaloT MBIIIMHBINA 3NUAEpMaTb-
Hblil pakTop pocta MEGF u TpaHchopmupyto-
wuit pakrop pocra a TGF-a [10]. KpuHrin-gomeH
BOBJIEUEH B PETYJISLMI0 MUTPAllMU KJIETOK MO
neiicTBueM ypokuHasbl [11], a Takxe obecrneuym-
BaeT B3aMMOJIEMCTBUE C TeMapuHOM uepe3 Tpu
MOCJIEA0BATEIbHO PACIOJOXEHHBIX aMUHOKHUC-
JoTHBIX ocTtarka Argl08-Argl09-Argll0 [12].
KpuHII-10MEH COAEPXKUT yYaCTKU CBSI3bIBAHUS C
WHIMOMTOPOM aKTHUBATOpPOB IiadMuHoreHa PAI-1
[13] u unTerpuHamu [14, 15] Takxe mokasaHo,
YTO KPUHTJ-IOMEH TpPUHUMaeT y4yacTHe B CTa-
OMJIM3allMM KOMILJIeKCa YPOKMHA3bl C YPOKMWHA3-
HEIM penienitopoM [16]. Ilo cBoeit cTpyKType OH
TOMOJIOTMYEH KPUHIJI-IOMEHAM TaKUX MTPOTENHOB,
KaK aKTUBAToOp IJa3MUHOTeHa TKaHEBOrO THUIa
(tPA), mnasmuHoreH, mpoTpoMOuH, ¢akTop XII u
anmonunorportenH [17]. Haubonpimasgs roMmoorus
HaObJII0aeTCsl CO BTOPBIM KPUHIJI-IOMEHOM TKa-
HEBOro akTMBaTopa Ija3MuHoreHa. Ho, Hecmo-
Tps Ha 3TO, 3TU JOMEHBI 00JadaloT pa3aIUuYHBbI-
MU CBOWMCTBaMM CBSI3bIBaHUS, KPUHIVI-IOMeH tPA

20

B3aUMMOEICTBYET C MOJOXUTEIbHO 3apsikEHHBIM
OCTaTKOM JIM3UHA y (pubpuHa, a KPUHIJI-IOMEH
YPOKMHA3bI CBSI3BIBACTCS C MTOJIMAHUOHHBIMU MO-
JIeKyJaMH, TAKMMU Kak rernapuH. Y 3To cBOMCTBO
BBIACISET KPUHIVI-AOMEH YPOKMHA3bl M3 BCEX
OCTaJIbHBIX KpUHIJOB. [IpoTeoauTudyecKkuii JoMmeH
COIEPXUT aKTUBHBINA LIEHTP ypoKuHasbl His204/
Asp255/Ser356 u ocylIecTBIsSEeT aKTUBALIAIO TIa3-
MUHOTeHa, KOHBEPTUPYS €ro B MJIa3MUH, IIpoTea-
3y C IIMPOKOI CyOCTpaTHOM cnelu(pUUHOCTHIO, a
TakxXe psga ¢GakToOpoB pocTa U MAaTPUKCHBIX Me-
TaJJIONPOTEHA3.

CurHanuzanusi ypoKuHa3bl

JloMeH, momoOHBIN (pakTOpy pocTa, obe-
clieyMBaeT BhICOKOadgpUHHOE CBSI3bIBaHUE
ypoKHMHa3bel ¢ ee peuentopoMm uPAR/CDS87
(Kd ~ 10-1°=10-° M) [18,19]. Peuentop ypokmnHa3bl
JIOKAJIM3yeTCsl B OCOOBIX BIISTYMBAHUAX IIa3Ma-
THUYECKOI MeMOpaHbl — KaBeoyiaX, KOTOphIE CO-
JepxXar OOJIbIIOEe KOJIMYECTBO IJIMKOCHUHIOIM-
MUA0B, COUHTOMUEINH, NOIUPOCHONHO3ZUTUIBI
1 XoJiecTepol. PerienTop ypoKrHa3bl 3asIKOpEeH Ha
MeMOpaHe yepe3 InKo3uadpochaTuanaInHO3UTON
(T'®U) u He uMeeT TpaHCMEMOpPAHHBIX YYaCTKOB,
YTO 00ECIeYnBaeT €ro BBICOKOM CTENEHBIO IMOMI-
BUKHOCTM B Illa3MaTuUyeckoil memOpaHe [18].
OH COCTOUT U3 TPeX TOMEHOB, TOMOJOTMUHBIX I10
cTpykType (puc. 3).

JloMeHBI penenTopa (GpopMUPYIOT HpPaKTU-
YeCcKU HemnpepbiBHbIN B-cioii. Bce Tpu mome-
Ha coOpaHbl B MPaBO3aKPyYeHHON OpHUEHTAIUH,
dopMupyst GpakKTUUeCKu TJI0OYJISIpHBIA PELIENTop.
B neHTpe riao0yibl HaXOOUTCS LEHTpPaJbHaAsl KO-
HycooOpa3Has IoJIoCcTh NiyouHoil 19 A, koropas
copMupoBaHa B-CKIaAYaTBIMU CIOSIMU TpPeX T0-
MeHoB. I[lpryeM npu B3aUMOICHCTBUM C YPOKHUHA-
3011 TIPOMCXOIMUT CMEIIeHNe TPEThero moMeHa 00-
jee yeM Ha 12 A u cOnmxeHue epBoro U BTOPOro
JOMEHOB, Y B3aMMOICUCTBUE MEXIY 3TUMHM JOME-
HaMM OCYILIECTBJISICTCS 3a CUET KOHTAKTa MEXIy
His47—Asn259 n Arg53—Asp254 [20]. Panee 6b110
MoKa3aHO, YTO B «pPOCTOBOM» JOMEHE YPOKKWHA3bI
3a B3aumonenicteue ¢ uPAR oTBeuaroT aMMHOKMC-
JIOTHBIE OCTaTKU, PacCIoOJIOKEHHBIE C OMHON CTOPO-
HBI TUIOcKOCTU Q-tieTnn Asn22, Tyr2425, 11e28, u
Trp30 [21]. HemaBHO MoilydYeHHbBIE HAMU pe3yJibTa-
THI TIPEAIIONAraloT HOBBI MEXaHU3M CBS3bIBAHMS
POCTOBOI'O TOMEHA YPOKMHA3bI C PELENITOPOM, TTPHU
KOTOPOM OTCYTCTBME YETKOW BTOPUYHOMU CTPYK-
TYypbl YPOKMHA3BI HEe BJIUSLJIO Ha B3aUMOICHCTBHE
¢ peuentopoMm [22]. Ilpu 3ToM Bce Tpu JOMeHa
Y4acTBYIOT B (pOpMUPOBaHUM BbICOKOA(G(HUHHOIO
yJacTKa CBSI3bIBAHUSI C ypoKuHa3oi. MMeroine-
Cd DaHHBIC TTO3BOJISIOT IPEAIOJIOXUTh, YTO TPHU
CBSI3bIBAHUM YPOKMHA3bl C BbICOKOA(GUHHBIM
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Puc. 3. Cmpykmypa ypoxuna3znoeo peuenmopa. Peyenmop npedcmasnen 6 eude nociedogamespHocmu amu-
HOKUCAOMHbBIX OCMAmKo8 (a.o0.), cocmoswel uz mpex domenos: 1 (1-77 a.o.), A2 (93—177 a.o.) u A3 (193—
272 a.o.). CxemamuyHo YKa3aH cocmas eauko3uighochamuouiuHo3umonbHo2o AKops, C8sA3blearoueco peuen-

mop ¢ nAa3mMamu4eckol Memopanoli

pPeLIENTOPOM 3KCIIOHUPYIOTCS YYaCTKU B KPUHIJI-
JIOMEHe IIJTST B3aMMOIEUCTBUS C IPYTUMU MUIIE-
HSIMM Ha TOBEPXHOCTU KJETKM U 3aIycKa MMU-
rpanuu [23]. IIpu B3auMomeicTBUU YPOKUHA3BI C
YPOKMHA3HBIM PELENTOPOM MPOUCXOAUT COMMKE-
HHUE TIEPBOro U TPEThEro JOMEHa, TAKMM 00pa3oMm,
MPOUCXOAUT 3aMbIKaHUE peLENnTopa B KOJbLO U
BKCMOHUPOBaHME aKTUBHOro yuyactka —SRSRY—
MEXIy MepBbIM U BTOpbIM AomeHamu [24]. Ilpu
3TOM 3KCHOHUPYIOTCA yyacTKHM, OTBeualoliue 3a
CUTHaJIbHBIe (PYHKIIMU PeLerTopa, a TakxKe oopa-
3y10TCSl OOIIMEe MeCcTa CBSI3bIBAaHUS C MPOTEeMHAMU
BHEKJICTOUHOI'O MaTpuKca U MHTEIrpUHAMU, o0pa-
30BaHHbIE U YPOKMHA30i, u peuentopoMm. Kpo-
M€ TOro ObLIO MOKa3aHO, YTO PEKOMOMHAHTHBIN
uPAR co cuiuBKoi MexXay NepBbIM U BTOPbIM JI0-
MeHaMu o0yiafall UACHTUUYHOW KOHCTAHTOM CBSI-

ISSN 0201 — 8470. Ykp. bioxim. xcypu., 2013, m. 85, No 6

3pIBaHM S, YTO M HAaTUBHBIN peuenTop [25]. Takum
00pa3oM, CBSI3bIBAHUE YPOKHUHA3bI C PELIENITOPOM
WHAYLUUPYET U3MEHEHUS PELENTOPHOrO MpoTenHA
BaxkHbIE JJIS1 peaau3aluu psiaa (U3NOJOTMYECKUX
MPOLECCOB, a PeLenTop, CBI3bIBAsICh C YPOKUHA-
301, UBMEHSET €€ CBOMCTBA.

CBsi3aHHasl ¢ PELENTOPOM OIHOLETOUeYHast
YPOKMHAa3a aKTUBUPYETCs TLJIa3MUHOM OoJiee 3¢h-
dexTUBHO, 4yeM cBoOomgHad [26]. Kpome Toro, B
kommiekce ¢ UPAR/CDS87 ypoknHasza MeajieHHee
noaBepraeTcs orulenjaeHuo nomeHa GFD non
JecTBUEM I1a3MUHaA. B oTauuue oT mojiHOpas-
MEpPHOro IMpoTerHa (opmMa YPOKMHA3bI, JUILIECH-
Hasl «pOCTOBOTO» IOMEHA, He TOJbKO HE CIIOCOOHA
B3aumoneiictBoBaTh ¢ UPAR/CD87, Ho u nmoaBep-
raercst ObICTPOMY BHIOLMTO3Y U BHYTPUKJIIETOY-
HoM gerpamannu. Takum oOpasom, uPAR cro-

21
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COOCTBYeT YBEJIMUYECHMIO BPEMEHMU <«IIOJTYXKU3HU»
(byHKIIMOHATbHO aKTHMBHOW YPOKMHA3bl Ha IO-
BEpPXHOCTHU KyeTKu [27].

s ocyliecTBiIeHUSI BHYTPUKIJIETOYHON CUT-
Hanuzauum UPAR/CDS87 Heobxomumo obpa3oBa-
HYEe KOMILIEKCa pelenTopa ¢ TpaHCMEMOPaHHBIMK
npoterHamu. UPAR/CD87 Ttakke MOXET B3aIMO-
JIECTBOBATH C UHTETPUHAMU, TAKUMU KaK JIEUKO-
uuTapHbiii B2-uHrerpuH Mac-1 (CD11b/CD18), a
Takxe Bl-, B3-UHTETPUHBI U C PELIETITOPOM BUTPO-
HekTUHa a(V)BS5 [28,29]. YpokuHaza MoaudpuiIn-
pyeT B3aUMOIEHCTBUE pelienTopa ¢ UHTerPUHAMM
[30]. BzaumoneiictBue ypokuHassl ¢ UPAR/CD87
BBI3BIBAET BHYTPUKIETOUHYIO CUTHAIU3AIMIO, KO-
TOpasl OINOoCpPenyeT MUTPAIUIO IVIaZOMBIIIEYHBIX
kiaetok (I'MK), ¢ubpo61acToB U APYyrUX KJIETOK,
a TakXKe KJIETOYHYIO aAre3uio, mpojudepamnnio u
auddepeHInpoBKy [31]. YpoknHa3za MOXeT OmHO-
BPEMEHHO CBSI3bIBAThCSI C ABYMS pelielTopaMM Ha
noBepxHocTH KiaeTku: ¢ UPAR/CD87 uepes GFD
U C UHTerpruHoM Mac-1 yepe3 KpUHIJI- U IPOTEO-
JuTUdeckuii momeHsl [15]. KpoMe Toro, KpuHIJI-
JOMEH YPOKMHA3bl MOXET CBSI3bIBATHCS C APYTUM,
MOKa HEeJ0CTaTOUHO M3YYEHHBIM, CIIeLIU(PUIECKUM
peuenTopoM ypokuHa3ssl [11]. KpuHII-goMeH Tak-
XK€ BOBJEYEH B MHIAYKIMIO BHYTPUKJIETOUHOM
CUTHAJIM3allMM, MUTPALlMU M aAre3uu KJIETOK
[23, 32].

A-llennb YpOKMHA3bl CIIOCOOHA B3anMMOJEii-
CTBOBATh C PELENTOPAMHU CEMEICTBA JIUITONPOTEH-
HOoB HM3Ko#l miuoTHocTu (LDLR): mporenHOM,
POACTBEHHBIM PELIENITOPY JUIIONPOTEUHOB HU3-
KOI IIOTHOCTU/PELENTOp a2-MaKpOIrIoOyInHa
(LRP/o, MR) u peuentopom JIUIONPOTENHOB
oueHb HM3Ko# 1ioTHoctu (VLDLR) [31]. Bt
peuenTopsl o0ecnedyrBalOT MHTEPHAIU3ALUIO C
MOBEPXHOCTU KJETKM KOMILJIEKCA YPOKMHA3BI C
WHTUOUTOPOM uepe3 SIMKHU, OKalMJIEHHBbIE KJja-
TpuHOM. CpOACTBO YPOKMHA3bl K 3TUM PELEITO-
pam (Kd ~ (1—2)-10-* M) xyxke, 4eM CpPOICTBO K
peuentopy uPAR/CDS87 (10-°—10° M), B cBsI3U ¢
3TUM BbIcOKOa((HUHHOE B3aMMOIECUCTBUE YPOKHU-
Ha3bl ¢ UPAR/CD87 MoxeT npenoTBpallaTh CBS-
spiBaHue ypokuHasbl ¢ LRP/a,-MR u nocrenyo-
1IyI0 ee aerpagauuio [34]. DHIOLUTO3 YPOKUHA3I
uepe3 LRP/a,-MR nnn VLDLR unayuupyer tak-
K€ BHYTPUKJIETOUYHYIO CUTHAJIU3ALMIO U aATe31io
KJeToK [35].

CurHanbHble 3¢ (HEeKThl YPOKUHA3BI MOTYT
OBITH orocpenoBaHbl Kak 4epe3d UPAR/CDS87,
LRP/o,-MR, Tax u uepe3 Apyrue, CBA3bIBAIOILUE
ypokuHasy, nporenHsl [36] (puc. 4). INlokasaHo,
YTO MUTpalMs, UHAYIMPOBAaHHAS YPOKUHA30M,
accolMMpoBaHa ¢ aKTuBaluei Src- u Janus-KuHa3
[31]. uPAR/CDS87 xonmpeuunutupyercst ¢ TUPO3u-
HOBbBIMU mHporeuHkuHazamu Hck, Fyn, Lyn, Frg,
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Jakl, and Tyk2 [31, 37]. XeMoTakcuc, UHAYLIUPYeE-
MBIl YPOKMHA30, ornocpenoBaH G-nmpoTeMHaMu
(I'TD-cBsa3biBaromiumMu iporenHamu) [37]. Cps-
3pIBaHUe ypoknHasbl ¢ UPAR/CDS87 npuBomut K
aktuBauuu knuHa3 Hsk-, FAK-, MAP-kuHa3 (p38,
ERK1,2 (p42/44)), makcuUIIMHA, TIPOTEUHKMNHA3HI
C¢ (PKC$), pochopuanupoBaHUIO IUTOKEPATUHOB
8 u 18, nmporenHa pl30CAS u JIHK-cBs3bIBarommnx
aktuBaTopoB TpaHckpunuuu STAT-1 u STAT-2
[31]. CeasbiBanue ypokunassl ¢ LRP/a-MR Bezer
K aKTHUBAallMM MPOTEMHKUHA3bl A C BOBJICYCHUEM
Gs-niporenHoB [38]. I MHOYKLIUU KPUHTI3a-
BUCUMOM MUTpALlMU IIOH HAECUCTBUEM YPOKMHa-
36l HeobOxommma crienuduyeckas akTubBauus p38
MAP-K1MHa3HOro Kackajaa ¢ akTMBallMEd Majoro
I'T®-cBaspiBaroliero mporenHa Rho [39]. B knet-
Kax JHAOTEIMSI ypoKuHa3a akTuBupyer MAP-
KWHA3HYI0 CUTHAJIM3AIHIO IOCPENCTBOM CBSI3bIBA-
Hust ¢ UPAR/CD87 u akTuBauuu poTeMHKUHA3bI
C [40].

uPAR/CDS87 0b1L1 uaeHTU(PUIIMPOBAH B KOM-
TJIEKCE ¢ HEKOTOPBIMU CeMEMCTBaMU — WHTErpPU-
HOB, TakuMu Kak Bl, B2, B3 u B5 [41—45]. Kom-
MOHEHTBl MaTPUKCa CIIOCOOCTBYIOT BBIOOPOUYHOM
accounanuu uPAR/CDS87 u uHTerpuHoB. Tak,
uPAR- u B3-uHTErprHBI CIIOCOOHBI 00Pa30BHIBATH
KOMIIJIEKCHI TOJIBKO Ha BUTPOHEKTMHE, HO HE Ha
TaKuX cyOcTparax, Kak (MOpPOHEKTUH, JaMUHUH
WY TOJUINU3UH. MHTErpruH a5 KOJIOKaJIM30BajICs
¢ uPAR Ha ¢pubpoHeKkTUHE, 05 U av — Ha BUTPO-
HEeKTHHE, a o3 1 P6 — Ha JamuHuHe [44]. uPAR/
CD87, cBa3bIBasiCh ¢ Bl-mHTerpMHaAMU, OJOKHUPY-
€T UX aare3uBHble QYHKILIUU, HO, B TO XK€ BpeMs,
yepe3 COOCTBEHHBIC YYaCTKM CBSI3BIBAHUS C BH-
TPOHEKTHMHOM CTUMYJIHUPYET KJIETOUHYIO aIre3uio
Ha BUTpoHeKTUHe. UPAR-3aBucuMas aare3ust Ha
BUTPOHEKTHHE KOPpEIUpyeT ¢ HopMUpPOBAHUEM
MeMOpaHHOIO KOMILIEKCa, BKJIIOYAIOIIEro MHTE-
rpuHbl Bl, kaBeoauH U uUPAR [43]. Takxe Bl- u
BUTPOHEKTUH3aBUCUMBIM 00pa3oM, ypOKWHa-
3a CTUMYJIUPYET MUTPALMIO KJIETOK paka rpyau
MCF-7 [46]. OnHUM M3 OCHOBHBIX ITapTHEPOB
komiutekca UPA-uPAR sBigercs o,B,-MHTErpUH.
IToka3zaHo, 4YTO ypOKMHAa3a CTUMYJIUPYET (pOopMU-
poBaHue Komruiekca uUPAR-a,B, Ha kiaeTkax MDA-
MB-231, 4T0 COnpoOBOXIAaeTCSI PaCIIacThIBAHUEM
KJeTOoK U ¢ochopunupoBanuem FAK (mmporeuH
¢dokaJIbHOIT aare3ny) Ha TaKMX cyOcTpaTax, KakK
(pubpoHekTH U KojutareH 1-ro tumna [47]. O6pa-
30BaHME KOMILIEKca Mexay o,B, 1 uPAR B snure-
JIMAJIbHBIX KJIETKaX MPUBOAUT K aKTUBAIUM Src-
KMHA3 U 3HAYMTEJIbHOMY CHUXXEHUIO DKCIIPECCUU
E-xaarepmHa ¢ moclienyioliuM paspylleHrueM
MEXKJIETOYHBIX KOHTaKTOB [48]. Takke OBLIO MO-
Ka3aHo, UYTO PEeLEeNTOp YPOKUHA3bI MOXET CBSI3bI-
BaTbCs C PSIOM MHTETPUHOB Ha COCEMHEN KJIEeT-
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Kopeuenmopesr:
WHTerpuHbl,
Man6P-R,
gp130,
uPARAP,
LRP/a2-MR,
Peuentopbl
XeMOKWHOB

Curdanusauusa
Small GTPases:Ras, Raf,
RhoA, Rac1
NR-TK: Src, Hsk
MAPK: p38, p42/44 (Erk1,2

Apreaus, Murpauus, nponudepayus,
AnddepeHUUpOBKa KNETOK

Puc. 4. Bzaumooeiicmeue ypokuuazel c peyenmopom (UPAR/CDS87) u Kpuuencesasvlearouyum npomeuHom
(KP) undyyupyem eHympuxiemouHvle CUSHAAbHblE KACKaldvl, éedyujue K adee3uu, Muepayuu, npoiughepa-
yuu u oughpepenyuposxe kaemox. GFD — domen, nodobuuii chakmopy pocma; PD — npomeosumuueckuil
domen; GPI — eauxosuapocihamudusunosumonsuolii axops; VN — eumponexmun; PAI-1 — uneubumop ak-
mueamopoé naazmurozena; scupA — odnouenoueunas ypokuuaza;, LRP — peuenmop aunonpomeuHog Hu3-
kot naomuocmu; LRP/a,-MR — npomeun, poocmeennbiii peyenmopy AURORPOMEUHOE HUZKOU NAOMHOCMU/
peuenmop a2-maxpoesobyruna; MAPK — mitogen-activated protein kinases;, JAK — tyrosine protein kinases;
STAT — JIHK-ceszvisarouue akmusamopst mpanckpunuuu, TF — ¢haxmopwr mpanckpunyuu; PI3K — ¢ocgho-
unosumud—3—kunaza;, FAK — kunaza goxarvuoix koumaxkmos; NR-TK — nepeuenmopnas mupo3uHKuHa3a;
Man6P-R — mannosza-6-gocgham/peuenmop urcysunonodobnoeo paxmopa pocma I11; gpl30 — cuenanvioiii
nocpednux unmepnetikurna 6; uPARAP — npomeun, accoyuuposantbviii ¢ YPOKUHAZHbIM PeUenmopom

Ke — o4pl, a6l u a9p1, cIOCOOGCTBYSI TEM CaMBIM
MEXKJETOYHOMY B3aMMOAEHCTBUIO W aJATe3UMU.
Accoumanusi uPAR ¢ a5p1-MHTErpMHOM B KJIET-
Kax kapuuHombl HEp-3, skcnpeccupyomniux Bbl-
cokuii ypoBeHb UPAR, obGecrnieunBaeT KJ€TOUYHYIO
aare3nio Ha (UOPOHEKTUH, COIIPOBOXIAEMYIO
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aktuBanueir ERK1/2. Accommaiust uPAR ¢ a5p1
WHAYUUPYET B MHTETpUHE MOSIBJEHUE JOIMOJHU-
TeJILHOTO caiiTa ajisg (pUOPOHEKTHWHA B JOMOJHE-
HUe K cBa3biBalolieMy RGD-caiity. HenaBHo Ha
uPAR 0bl1 nIeHTU(GULMPOBAH CAUT CBSI3bIBAHUS
¢ a5B1 Bo BTOpoM aomeHe (130—142 a.o.) Tem He
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MeHee JJIs CBA3BIBAHUS C MHTEIPUHOM HEO0O0XO-
IUMBI BCe TpU AOMEHaA pelernTopa Kak B ciaydae
BUTPOHEKTUHA M YPOKWHA3LI [49].

ITokazaHo ¢yHKIIMOHAJbHOE B3aUMOIECHi-
ctBue UPAR c B2-uHTerpyHamMu, HaIpuMep, pe-
nenTop KomiemeHTa 34-ro tumna (CR3, CD11B/
CD18, Mac-1) [44]. uPAR/CDS87, Mac-1 u Src-
KuHa3pl (p60~™, p53/56%", p58/64"<k, p59%r) 06-
pPa3yloT €AMHBIN pEeUEeNTOPHBIM KOMILJIEKC Ha
MoBepxXHOoCTU MoHonuToB [50]. B3aumoneiicTBue
uPAR ¢ Mac-1 uHrubupyer crocoOHOCTb MH-
TerpuHa CBSA3BIBATLCS CO CBOUM JUTaHIOM, (u-
OpMHOI€HOM W3-3a OJIM3KOI'0 paCIOJIOXKECHU S
y4acTKOB CBS3bIBaHMS (ubpuHoreHa (I momeH)
u uPAR [51]. TpexMoaeKyasIpHbII KOMIIJIEKC
uPA — uPAR — Mac-1 peryaupyer KJI€TOUYHYIO
aare3nio, MUTpaIiio U GUOPUHOIN3 U YCUIIMBAET
OMNOCpPEeIOBaHHYI0 YPOKMHA30M aKTUBALIMIO TJI1a3-
muHoreHa. ITpoTeMHOBBIII MHTUOUTOP YPOKMHA3BI
PAI-1 cBsa3biBaeTcsl U mHakTuBUpyeT uUPA—uPAR
KOMILIEKCHI. DTO HE TOJbKO OrpaHMYMBAaET Ipo-
TeoJU3, HO U ocBoboxaaeT Mac-1 oT MHIuoUpo-
BaHMs, onocpenoBaHHoro uPA—uPAR. PAI-1 mo-
JKeT TakKKe ITOJHOCThIO OJIoKHMpoBaTh Kak UPAR-,
TaK U avV-UMHTETPUHOIIOCPEAOBAaHHOE CBS3bIBAaHUE
BUTPOHEKTHHA, YKa3bIBasi TEM CaMbIM, UTO BCE
TPU peLenTopa MOTYT CBSI3bIBaTh BUTPOHEKTUH
cxomHBIM obpa3oM. B cocynucteix I'MK mpouc-
XOIUT 3aBUCUMOE OT YPOKMHA3bl U €€ perenTopa
dochopunrpoBaHre BUTPOHEKTUHA Ka3eMHKMHA-
30i1-2, Beoyllee K YAYYIIEHUIO €ro CBSI3bIBAaHUS C
uHTerpuHaMu U UPAR/CD87 [52]. HemaBHO ObLI
oOHapyxXeH MeMOpaHHBII IIPOTEUH, aCCOLMUPO-
BaHHBIT ¢ UPAR (UPARAP unu Endol80), xo-
TOpBI MPUHMMAET yyacThe B MHTEpHAIM3ALUU
KoJIJIareHa IJisl ero BHYTPUKJIETOUHOM Aerpama-
nuu. Kommiekc uPAR ¢ uPARAP urpaet kitoue-
BYIO pOJib B JAerpafaliiu Marpukca [53].

HenaBHO MBI BBISIBUJIM HOBBIN CUTHAJIbHBII
MyTh YPOKMUHA3bl, 3aBUCUMBII OT €e KpPUHIJI-
IOMEHAa M aCCOLIMMPOBAHHBEI ¢ ee OBICTpoi
TpaHCJIOKaIlMel B SIAPO ¢ TIOMOILbIO HYKJICOJMHA,
YTO IO3BOJISIET YPOKMHA3€ y4acTBOBATh B PeEry-
JISUMU TPaHCKpUITLIUU reHoB [32]. C moMolibio
KJICTOUHOI BU3yaJiM3allMy YPOKMHA3bl METOIOM
dayopeclieHTHOII MUKpocKonuM B KiaeTkax HelLa
MBI 1T0KAa3aJIM CYLIECTBOBAHUE SIIEPHON TPaHCIIO-
Kaluu ypokKuHasbl (puc. 5). Kak BugHo Ha puc. 3,
TpaHCJIOKAaIIMS YPOKMHA3HI B SAPO HE 3aBUCUT OT
MIPUCYTCTBUSI POCTOBOIO MOMEHa ypOKMHa3bl. B
TO XX€ BpeMsl HajJu4ue B MOJIEKYJe YPOKWHa3bI
KPUHIJI-IOMEHA 0Ka3aJIoCh 0053aTeIbHBIM IS €€
SIICPHOM TpaHCJIOKALlMU. YPOKMHAa3a, TPOHUKHYB
B SIIPO, BBI3BIBACT 3KCIIPECCUIO TJIaIKOMBIIICUHO-
ro o-aktuHa. I[Ipu moBpexXIeHUU 3aBUCUMOE OT
YyPOKMHAa3hl IIpeBpalleHue pudpobdiacTonogo0-
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HBIX KJETOK B MUOOJACTBI, KJIETKU MUTPUPYIOT,
MpoauceprpyIoT, YTO BaKHO MPU Pa3BUTUU KOH-
CTPUKTUBHOIO PEMOAEIUPOBAHUS COCYIOB.

PoJib MeKIOMEHHBIX B3aUMOIECTBUIA
B MOJIEKYJle YPOKHHA3BI B
CTUMYJIAIAA MUTPALUM KJIETOK

KpuHria-noMeH BOBJIEUEH B PETYJISLIAIO0 MU-
rpauuu KJeTOK Mol AeHCTBUEM ypOKMHa3bl [11] u
MPUHUMAET yUyacTHe B CTaOMIM3allMy KOMILJIEKca
YPOKHMHA3bI C YPOKMHA3HBIM peLenTopoM [16, 54].
JaHHbIe, IOJyYeHHbBIE B Halleil jJabopaTopuu,
CBUJETEIBCTBYIOT O TOM, UTO KPUHIJ-IOMEH YpO-
KWHa3bl, a TakxXe ¢dopma, JUIIEHHAs POCTOBOIO
JIOM€Ha, KOTOpasi He CBSA3bIBAETCS C «KJaccuye-
CKMM» YPOKMHA3HbIM PELIEITOPOM, CITOCOOHBI BbI-
3bIBaTh akKTUBALUUIO p38- u p42/44-MAP-xkuHa3 u
MuUrpanmio kjetok. ITokazaHo, YTO Ha TMOBEPX-
Hoctu I'MK KpUHIJI-IOMEH CBSI3BIBA€TCS C IPO-
TEMHOM, KOTOPBIA OTJIMYAETCHd OT YPOKMHA3HOIO
peuenTopa U MHTerpuHoB [11]. B aTtom ciyuae
aKTUBAallUg MUTPALlMU TOA AEHCTBUEM KPUHIJI-
JIOMEHA MOXET MPOUCXOAUTh U 0e3 yuacTus ypo-
KMHa3Horo peuenrtopa. Hamu Obljo IokKaszaHO
[11], yTo opma ypOKMHA3bI, JUILIEHHAsT KPUHII-
JIOM€Ha, He 00J1alaeT XeEMOTAaKCUYECKUMU CBOM-
CTBAaMH, HECMOTPSI Ha CMOCOOHOCTb CBSI3bIBATHCS
C YPOKMHa3HbIM pelentopoM. Ilpu cpaBHeHUU
XEMOTAKCUYECKUX CBOMCTB pa3IMuHbIX (DOPM YpoO-
KWHa3bl Mbl BBISICHUJIM, YTO HATUBHAs ypPOKMHA3a
U ypoKHMHa3a 0€3 poCTOBOro JOMEHa MPOSBISIOT
XEeMOTaKCUUECKYl0 aKTUBHOCTb, B3aMMOIEUCTBYS
WUJIW TOJBKO C KPUHIJICBA3bIBAIOIIUM MPOTEUHOM,
WU C YPOKUHA3bIM PELIENITOPOM U KPUHIJICBSI3bI-
BalOIIMM TTPOTEUHOM.

ITpoBeneHHbIE HAMU CTPYKTYpPHbIE UCCIIEN0-
BaHM yKa3ajJu Ha NOTEHUMUAJBHYIO BO3MOXHOCTD
CYLIECTBOBAHUS BHYTPUMOJEKYISIPHBIX B3aUMO-
NEACTBUM MEXAY KPUHIJI-IOMEHOM U POCTOBBIM
JIOMEHOM YPOKWHAa3bl, KOTOPbIE BIMSIOT Ha €€ Xe-
MOTaKCuuYeCcKue cBoicTBa. MBI OOHAPYXXUJIU, YTO
KPUHIJI-JOMEH CIOCOOEH KOHKYpUpPOBaTh C pe-
LIENTOPOM 3a CBSI3bIBAHWE C UMMOOUJIM30BaHHOM
HAaTHBHOM YPOKMHA30M, @ UMEHHO C €€ POCTOBBIM
JTOMEHOM. YpOKHMHa3a ¢ MOAUDULIMPOBAHHBIM
POCTOBBIM JOMEHOM HE TOJbKO HE CBSI3bIBajach
C KJIETKaMU, HO ¥ HE aKTUBUPOBaJIa MUTPALIMIO
[55, 56]. C ucnonp3oBaHueM 3TOi (OPMBI MBI TT10-
Ka3aJiv, YTO KPUHIJI-IOMEH B cOCTaBe Moaubu-
LMPOBAHHOM YPOKMHA3bl B3aUMOIEUCTBYET C MO-
IU(PUUMPOBAHHBIM POCTOBBIM JOMEHOM BHYTPU
OIHOW U TOU XK€ MOJIEKYJIBI, YTO HE MO3BOJISIET
KPUHIJY CBS3bIBAThCS C POCTOBBIM JOMEHOM UM-
MOOUJIM30BAaHHOM HAaTMBHON ypokuHa3bl. Haiu
JaHHble MO3BOJUIN MPEANOJOXUTh, YTO POCTO-
BOW M KPUHIJI-IOMEHBI MOTYT B3aUMOACHCTBOBATD
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i WT-scuPA ii

DAPI iii

Merge

i AGFD-scuPA i DAPI

iii Merge

Puc. 5. Tpaucaoxauusa ypokunaswl 6 kaemounoe s0po. Kiemku Hela unxybuposaau 30 mun 6 npucymcmeuu
10 nM unamuenoii ypoxuuasvr (WT-scuPA, eepxuuii psod) uau ypokunaswvl 6e3 pocmogoeo domena (AGFD-
scuPA, HudxcHuil pad), 3amem GU3YAAUIUPOBANU C NOMOWbIO AHMUMEN K YPOKUHA3e UAU SI0epH020 Kpacumens
DAPI. Merge — nanoscenue uzobpaxceHuii, NOAY4eHHbIX NPU U3YAAUIAUUYU C NOMOULbIO AHIMUMEN K YDOKUHA3e

uau DAPI

MEXIY CcO0O0i KakK B COCTaBE OAHOU MOJIEKYJIbI,
TaK U B COCTaBe pa3HbIX MOJIEKYJ, €CIM BHYTPU-
MOJIEKYJISIPHBIE B3aUMOJEHUCTBUSI pa300IIEeHbI TIO/I
BJIMSIHUEM CBSI3bIBAHUSA C APYTMMU IPOTEUHAMU.
Tak>ke MOXHO MPEANoJOXUTh, YTO POCTOBOI H0-
MEH 9KpaHUpYyeT KPUHIJ B MOJEKYyJle YpOKHMHa-
3bl U «HE TMO3BOJISIET» IMOCJAEAHEMY CBSI3aTbCS CO
CBOMM pPELENTOPOM 10 TeX MOp, MoKa POCTOBOM
JIOMEH He CBSIXKETCS C PeLerTOPOM YPOKMHA3HI.
B3anMmopeiicTBUe YypOKMHA3HOIo peuemntopa ¢
POCTOBBIM JOMEHOM YPOKMWHAa3bl BHI3bIBAET BKC-
MOHUPOBAHUE KPUHTJ-IOMEHA U MO3BOJISIET eMy
B3aMMOJICCTBOBATh C JIOMOJHUTEIbHBIMU MUILIE-
HSIMU KJIETOYHOM MeMOpaHbl («KPUHIJICBSI3bIBAIO-
LIIMM MMpOTeMHOM» U uHTerpuHamu) [23]. [Tokaza-
HO TakKXe, UTO B3aMMOJEUCTBUE YPOKMHA3BI C €€
«KJlaccuyeckum» peuentopoM (UPAR) Bbi3biBaet
«TIEPMUCCUBHBIN» dD(EKT nJs1 B3aUMOIAEHUCTBUS
KPMHIJI-JOMEHAa C OPYTMMU MUIUEHSIMU Ha IO-
BEPXHOCTU KJeTKU. Ha oCHOBe HallMX JaHHBIX
MOXHO TIPEAIIONIOXUTh, UYTO <«KJIACCUICCKUIA»
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pelLenTop YPOKWHA3BI CIYXKUT «aJaliTOPOM» s
YPOKWHA3HI, a TIpU CBI3BIBAHWU KPUHIJI-TOMEHA
YPOKHMHA3bl CO CBOMM PEIEITOPOM ITPOUCXOIUT
HETIOCPEACTBEHHAS aKTUBAIIUST BHYTPUKICTOYHOM
CUTHAJIV3ALNUA U CTUMYJISIIIASI MATPALIUK KJICTOK.

HenmaBHO MBI moKa3aJin CyIIeCTBOBaHHME Ha
KJIETKAX 0ONOAHUMENbHbIX YYACMKO8 C8A3bl8AHUS
0451 YPOKUHA3bL, OMVUH U3 KOTOPBIX B3aUMOIEHCTBY-
€T C YPOKMHA30l Yepe3 ee MPOTeOTUTUISCKUN J10-
MeH [27], Torga Kak Apyroil MposiBJISI CIOCO0-
HOCTb CBSI3BIBATh KPUHIII-IOMEH. B3anMoneiicTBre
CO BTOPBIM YYaCTKOM He 3aBHCEJIO OT ITPUCYTCTBUS
B CTPYKTYypE YPOKMHA3Bl «POCTOBOrO» HOMEHA U
MIPUBOAMIIO K CTUMYJISIIIAM YPOKMHA30i MUTpa-
uuu kaetok [11]. Takxke ObLJIO yCTaHOBJIEHO, YTO
Ha TOBEPXHOCTHU KJIETOK MOXET IMPOUCXOIUTH 00-
pazoBaHue (OPMBI YPOKMHA3KI, JTUIIEHHOM POCTO-
BOTO JIOMEHa, KOTOpasl He CITOCOOHA CBSI3BIBATHCSI
¢ uPAR. YpokuHasza 6e3 pocTOBOro gomMeHa Ioj-
BepraJjiach npu 3ToM ObicTpomy LR P-3aBrcuMomy
SHIOLMTO3Y W BHYTPUKIIETOYHON Herpamgamuu
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[27]. ITockonbKy ObLIO MOKa3aHo, yTo LRP omoc-
peayeT aKTUBALMIO MUTPALlMU U Opoardepaunun
KJIETOK, a TaK>X€ BOBJIEYEH B PETYJSLIMIO MPOHU-
LIaeMOCTH COCYOUCTOM CTEHKU [57], MBI IIpeAro-
JIOXKUJIU, YTO HOBasl MUllIeHb, coBMecTHO ¢ LRP,
MOXET o0ecIeyrBaTh CBI3bIBAHWE YPOKWHA3bI
0e3 «pOCTOBOro» JAOMEHA C MOBEPXHOCTBIO KJIE-
TOK, a TaKXXe NPUHUMATh yyacTHhe B PEryasaluu
€€ SH3UMATUUYECKOW M XEMOTAKTUYECKOW AKTUB-
Hoctu. Hamu ObLia oOHapyxXeHa HOBasi MUILIEHb
CBSI3bIBAHMS YPOKMHA3bl HA OBEPXHOCTU KJIETOK,
otnuuHasg oT uPAR/CDS87, — ¢ubynun-5 [58].
VYnanoch yCTaHOBUTH, YTO YpPOKMHAa3a CIIOCOOHA
HEIMOCpPeACTBEHHO B3aMMOIEICTBOBATh C (hUOYIM-
HOM-5 4yepe3 NPOTEOIUTUUYECKUN TOMEH.

AHanu3 CBI3BIBAHUS MYTAHTHBIX (opM
¢pubyauna-5 ¢ MMMOOUNIM3OBAaHHON (opMoit
YPOKMHAa3bl MoKa3aja, YTO YpPOKMHa3a CBSI3bIBa-
eTcsa ¢ opmamu ¢GpubyamHa-5, coaepKalluMu
C-m1oOynSIpHBINA JOMEH, U He CBSI3bIBaeTCs ¢ (pu-
OynuHOM-5, nuiieHHbIM C-IIo0yIsipHOro JOMEHa.
TakuMm oOpa3oM, y4acTOK CBSI3bIBAHMUS C YPOKM-
Ha3oi HaxomutTcd B C-IIOOYyJIsIpHOM AoMeHe u-
OynauHa-5 (AaMUHOKUCIOTHBIE ocTatKu 320—448).
DubynuH-5 COOepXUT B CBOCH CTPYKTYpe 5 Kallb-
LIMUCBA3BIBAIOIIMX MOBTOPOB, TOMOJOTHMYHBIX
snuAepMaIbHOMY (PaKTopy pocTa. MBI BBISICHUIIN,
YTO HATMBHAs CTPYKTYpa KaJIbLMICBI3bIBAIOIIAX
JOMEHOB HeoOXoauma AJIsl CBSI3bIBAaHUS (PUOYJIM-
Ha-5 M YpOKMHa3bl. XOTsd YpOKMHAa3a CBSI3bIBAET
(pubyauH-5 yepe3 MPOTECOIUTUUECKUI JOMEH, (hU-
OyJIMH-5 He SBJISIETCS €€ CyOCTpaToOM U He OKa3bl-
BAaeT BIAMUSHUS Ha aMUJOJIMTUYECKYIO aKTUBHOCTD
ypokuHa3bl. Ilpy atom ¢ubyanH-5 MHruodupy-
€T peaklivMi0 aKTUBAallMM MJa3MUHOTeHa OJHO-
LIEMIOYEeYHOI ypoKMHa30i. MBI MoKa3ajii, 4TO B
kietkax auHuu MEF, a Takxe nmu3atax TKaHeu
JIETKOTO MBIIIEel, JUILNEHHBIX reHa uoyianHa-J,
yaajeHue reHa (puOyianHa-5 NPUBOOUT K CHUXKE-
HUIO aKTUBHOCTU YPOKMHAa3bl KaK B JInU3aTax Kje-
ToK 1uHUM MEF, Tak n nu3aTtax Jerkoro MbIlIu.
OnHako (UOYIMH-5 yBEIMUYMBAET aKTHUBHOCTH
YPOKMHA3bI in Vivo, HE BJIMSS HAa YPOBEHD €€ DKC-
npeccun. Okazanoch, 4To (UOYIUH-5, CBSI3bIBA-
SCh C MPOTEOJUTUYECKUM JOMEHOM, 3allMIIAeT
uPA or nomaBieHUS €€ aKTUBHOCTM IOJ AEW-
cTBUeM (pusunosiornyeckoro uHruouropa PAI-I1.
PAI-1 oGpa3yeT 3KBUMOJISIPHBIM KOBaJE€HTHBI
KOMIIJIEKC C aKTUBHBIM LieHTpoM uPA, mosHO-
CTbI0O MHTUOUPYS ee aKTUBHOCTh. PopMupoBaHue
JaHHOTO KOMILJIEKCa MPUBOAUT K OBICTPOMY 3H-
JouuTo3dy KoMiriekca UPA—uPAR c¢ kieToyHoit
noBepXHOCTU U aerpagauuu uPA. B orcTyTrcBuu
(pubynrHa-5 IpOUCXOOUT TepepacIpeaeieHre Co-
JepXXaHWsl YPOKUHA3bl B €€ KOMILJIEKCE C MHTMOu-
TopoM PAI-1. Takum oOpa3om, BeicoKOoapprUHHOE
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CBS3bIBAHUE OMHOIIETIOUEYHOM ypPOKMHA3bl C MH-
TErPUHCBA3BIBAIOIINM MTPOTEMHOM BHEKJIETOUHO-
ro Matpukca (puOyJIMHOM-5 KOHLIEHTPUPYET €€ B
CBSI3aHHOM C MaTPUKCOM BHUJE, MPEISITCTBYS €e
aKTUBAallMM Mjaa3MUHOM. IlomydyeHHBIE naHHBIE
TO3BOJISIIOT MIPEATIONOXUTh, YTO HA JIMAUPYIOIIEM
Kpae MUTPUPYIOIIEN KJIeTKU HOpMUPYETCS KOM-
MJEKC, BKJIIOYAIOIIMU YpOoKMHAa3y U (pUuOyIuH-3,
a takxke uPAR, narepaibHO accoUMMpPOBAaHHBIA
¢ uHTerpuHamu. Ilpu yBeIMYEeHUM 3KCIIPECCUU
¢ubynIrHa-5 MOABUXHOCTh KJIETOK CYIIECTBEH-
HO CHMKAeTcs U HabJwomaeTcs WHTUOUpoBaHUeE
XEeMOTAKTUUYECKUX CBONCTB ypoKHMHa3bl. PaHee
OBbIJI0O MOKAa3aHO, YTO B CTPOMAJIbHBIX KJETKax
MbIIIKY (UOYJIUH-5 MHrubupoBaJ 3aBUCUMYIO
oT Bl-uHTerpuHa U (UOPOHEKTHHA TUIEPIKC-
npeccuto MMII-9 [59]. Kpome Toro, u3BecTHO,
41O (pUOYIMH-5 B COCYAMCTOI CTEHKE CBSI3aH C
TPOMNO3JACTUHOM, KOTOPBIA B3aMMOIEHUCTBYET
C MHTEerpMHAMM M JIOKAJMU3YyeTCs Ha 3JacTuye-
ckux BojokHax [60]. OrcyTcTBue (pubynnMHa-5 y
TPAHCTEHHBIX MBIIIEH MPUBOAUJIO K HapyLIEHHUIO
3JIACTUYHOCTU COCYAUCTON CTEHKH, YTO MOXKET
WMEeTb 3HAYeHHUE IMPU PEMOACIUMPOBAHUU COCY-
JIOB, OMHAKO 3THU acCIleKThl TPeOYIOT MaJlbHENIIero
nsydeHus. [lonydyeHsl MpOTUBOpPEYNBLIE TaHHbIE,
Kacarollyecsl BIUsSHUs (GUOyJIrMHA Ha aHTHMOI€He3.
Tak, y >XKMBOTHBIX, JUIIEHHBIX I'eHa (UOYJIMHA,
OTMEYaJIMCh TTOaBJICHUE OMyXOJeBOr0 aHTHOTeHe-
3a U IMOBHIIIEHHOE 00pa3oBaHUe aKTUBHBIX (popM
kucnopona [61], B Toxe BpeMs1 ObLIO MMOKA3aHO in
vitro n in vivo; 4T0 (UOYJIMH-5 MOXET OJIOKHpPO-
BaThb aHTMOTe€HE3, UHAYLUMPYS aHTUAHTUOTE€HHBIM
TPOMOOCIIOHAWH-1 1 MPEMATCTBYS CUTHAJIU3alUU
VEGF(165), u a5pl-MHTErpUHOBBINM pPELIETITOP
dubponekTnHa [62]. B TO ke BpeMsI M3BECTHO,
YTO MPU CBA3BIBAHUM YPOKMHA3BI C €€ PeLeINTO-
poMm mpoucxoaut B3aumonericteue uPAR ¢ aSpl-
WHTETPUHOM, Belylllee K CUTHAJU3alUU U CTU-
MYJISIAN aAre3ud U MUTpaluu KiaeTok [63]. B
CBSI3M C BBIIIEU3JIOKEHHBIM OOHAPY>KEHHBI HaMU
MEXaHU3M MOXET UMETb 3HaYEHUE IJISI PETYJISLIUN
MPOLIECCOB AaHTUOTeHE3a U PeMOACIMPOBAHUS CO-
CYIOB.

BaxkHBIMU TIpeACTaBASIOTCS IOJYyYEHHBIE
HeJaBHO JaHHBIE O TOM, UYTO KPUHIJ-IOMEH YpO-
KMHa3bl MOXET HAIlpSIMYIO CBSI3bIBAThCS C aSB3-
WHTEeTpUHAMU U BBI3BIBAaTb BHYTPUKJIETOUYHYIO
CHUTHAJM3aIIMI0, aKTUBALIMIO U aare3nio HEUTpPo-
dunos [14, 64]. DT gaHHBIE TOBOPSAT O TOM, YTO
KPUHIJI-TOMEH YPOKMHA3bl BOBJICYEH B peaju3a-
LUIO €€ MPOBOCIAIUTEIbHBIX 3((EKTOB, UTO He-
00XOIMMO YYUTHIBATh MPU CO3TAHUM TIPEIapaToB,
UHruoupytomux 3dexTsl ypokuHasel. Kpome
TOro, TOT (akT, YTO KPUHIJI-IOMEH YPOKMHAa3bI
CIIOCOOEH CBSI3bIBATLCSA C MHTETPUHAMU, ITPUBEI
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HEKOTOPBIX MCClIeIoBaTeNel K 3aKJIIOUEHUIO, UTO,
BEPOSITHO, Ha TOBEPXHOCTU KJIETKM IPU B3au-
MOAEMCTBUM YPOKMHA3BI C €€ KJIACCUYECKUM pe-
nentopoM UPAR MHTErpuHBl B3aUMOIEHCTBYIOT
OIHOBPEMEHHO C KPUHIJI-IOMEHOM YPOKWHA3bl U
¢ ee peuentopoM UPAR, BMecTe 3TOT KOMILJIEKC U
BBI3BIBAET BHYTPUKJIICTOUHYIO CUTHAIM3AIUIO [65].

IIpoTeonuTuyeckuii Kackan,
UHAYIMPYEMblii YPOKUHA30#

OnHOM U3 OCHOBHBIX (DYHKLUI YPOKMHA3bI
SIBJISIETCS TIPOTEOINTUYECKAS! aKTUBALMS TIJIa3MU-
HOreHa B IJIa3MUWH MPU pacllerIeHUU OAMHOYHOM
MENTUIHOM CBSI3W B ILJIa3MKuHOreHe (Arg>'—Val>®?),
I11a3aMuH SBIISIETCSI BHEKJIETOYHOM IIpOTEa30il C
LIUPOKOIM CyOCTpaTHOM creluPUIHOCThIO U 00-
JlagaeT puOpUHOIUTUYECKMMU CBoMCcTBaMu. TKa-
HEBOI aKTHUBATOP IJIa3MUHOI€HA SIBJISIETCS OCHOB-
HBIM 1JISI OCYILECTBJIEHUS (PUOPUHOIUTUYECKOMN
(GyHKUMM U peryasdiuuM reMocTasa, Toraa Kak
YPOKMHA3a UTPAET POJib B aKTUBALIMU MJIa3MUHO-
reHa Ha IOBEPXHOCTHU KJETOK. D(PhEeKTUBHOCTh
aKTUBALIMM MJ1a3MUHOI€HA YPOKMHA30M, IIaBHBIM
o0pa3oMm, 3aBUCUT OT ee cBsI3biBaHUS ¢ UPAR Ha
MOBEPXHOCTU KJIeTOK [66]. IIpoypoknHasa, cBs-
3aHHasl ¢ MOBEPXHOCTHIO KJETOK, BCTPEUYAETCS C
NJa3MWHOM, JIOKAJIM30BAHHBIM Ha KJIETOYHOM
MOBEPXHOCTHU [67], Mmocie 4Yero MpoypoKUHa-
3a aKTUBHUPYETCI TMJIa3MUHOM [26], U MOJOXU-
TeJbHasi oOpaTHas CBsI3b 3aMbIKAETCsl, TaK Kak
U TUIa3MUWH, U IBYXleNoyeyHas ypoKHMHa3a MO-
TyT B3aMMHO aKTMBUPOBAaTb HEAKTUBHBIE (POPMBbI
apyT apyra. CBs3blBaHUE YPOKMHA3bI C PELIENTO-
POM COMPOBOXIAETCS CHUXXEHUEM €ro Jiarepajib-
HOM MOABUXHOCTU U JIOKaJU3allMel penentopa
MPEUMYIIECTBEHHO Ha yyacTKaX MEXKJIETOYHBIX
KOHTAKTOB, TEM CaMbIM JIOKAJU3ysl MPOTEOJIUTU-
YECKYI0 aKTUBHOCTb, OMIOCPENOBAHHYIO YPOKMHA-
301, Ha TUOMPYIOLIEM Kpae MUTPUPYIOLIECH KJIeT-
Ku [68].

IMomumo ¢pubprHOIM3a IJIAa3MUH TaKKe yda-
CTBYET B paclleNJEHUU TPOTENHOB BHEKJIETOUHO-
ro MaTpukca v 0a3ajabHON MeMOpaHbI, TAKUX KaK
¢ubpuHoreH, JaMuHuH, KojuiareH. Kpome Toro,
MJa3MUH OMNOCPENYyeT aKTUBALMIO MAaTPUKCHBIX
METAJJIONpPOTEMHA3, B TOM 4YHMCJE KoJulareHasbl
(MMII-1), crpomenusuna (MMII-3) u xenatuHa-
3pl B (MMII-9) [69]. [IyTem obOpa3oBaHusI mia3-
MMHaA YPOKMHA3a 00eCrieYnBaeT pacllerieHue oc-
HOBHBIX KOMIIOHEHTOB BHEKJIETOUHOI'O MaTpUKCa,
ocJiabjieHre MEXKJETOYHbIX KOHTAKTOB U MOBbI-
LIEHUE BHYTPUTKAHEBOW MOABUXXHOCTU KJIETOK,
NMpUHUMAsl y4acTUE B PEryjasliuyd aHTUOTeHe3a,
peMoIeMpoOBaHusl COCYIOB, POCTa U MeTacTa3u-
pOBaHMSI PAKOBBIX OIMYXOJIEH.
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Mbl 00HapyXMWJIHU, YTO YPOKMHA3a CTUMY-
JnupyeTr obpa3zoBaHue U BbIcBoOOXIeHUe 92 kDa
MaTpUKCHOM MeTajonporenHassl MMII-9/xe-
natuHasbl b B MoHonuTax munuit THP-1 u U937
[70, 71]. Dxcnpeccus MMII-9 B knerkax THP-1
Mmoja AeiCTBUEM yPOKMHA3bl HE 3aBUCUT OT 00-
pa3oBaHUS IJIa3MWHA, U HE BOCIPOU3BOAUTCS
MpU IEeWCTBUM Ha KJIETKU TKAHEBOTO aKTUBATO-
pa 1Tuta3MuHoreHa. Karaiautuueckasi akTUBHOCTh
YPOKMHA3bI He SBJISIETCS 00s13aTeIbHBIM YCIOBHEM
s akenpeccun MMIT-9 knerkamu THP-1, 06-
paboTaHHBIX YPOKUHA30M, U, O-BUAUMOMY, APY-
rve JOMEHbI YPOKMHA3bl TaAKXe BOBJICUCHBI B 3TOT
IpolLiecc.

Ans oleHKM poOJU CTPYKTYPHBIX IOMeE-
HOB UPA B skcnipeccun MMII-9 B MoHOLIUTAX,
MBI U3MepsLIu BbicBoOOXaeHne MMII-9 THP-1
KJIETKaMH1, KOTOpbIE OBLIM CTUMYJIHUPOBAHBI pe-
KOMOMHAHTHBIMU (popMaMU YPOKMHA3bL: «IUKUIA
tiI» UPA (r-uPAwt) ¢ HeM3MeHEeHHOI MepBUYHOMI
cTpykrypoit; r-uPAH/Q 6e3 KaTaauTUUeCcKoil ak-
TUBHOCTU B pe3ynbrare 3ameHbl His204 Ha Gln204
B akKTUBHOM IieHTpe; r-uPA-GFD 6e3 pocToBoro
nomeHa; r-uPAH/Q-GFD 6e3 pocTtoBoro gomeHa
C 3aMeHOi B akKTMBHOM lieHTpe; r-uPA-KD 06e3
KpuHII-goMeHa; LMW-uPA, HuU3KOMOJEKYIsIp-
Hast dopma UPA, KaTaauTuyecKM aKTUBHasl, HO
0e3 POCTOBOI0 M KPUHIJI-IOMeHOB; U r-KD, co-
JEeXaIIUil TOJbKO KPUHIJI-IOMEH.

Ilo cpaBHEHUIO C OCTaJLHBIMU (OPMaMH,
«aukuii TiI» UPA obGnamaer HauOOJbIIEH CITIOCO0-
HOCTBIO MHIYLMPOBaTh BEICBOOOXaeHre MMII-9
knerkamu THP-1. r-uPAH/Q, r-uPA-GFD,
r-uPAH/Q-GFD u r-uPA-KD Ttak:xke cCriocoOHBI
BBI3BIBATh 3KcIpeccuio MMII-9, Ho cTeneHb 3¢-
¢ekTa B 3TOM cllyyae HUXe, YeM B MPUCYTCTBUU
r-uPA (#a 40—80% xorma 20 HM TIpoTeMHOB OBLIO
nmooasieHo Kk THP-1 knerkam). LMW-uPA u
r-KD He 00;1a1a10T CIOCOOHOCTBIO BbI3bIBATh BbI-
cBoboxaeHue MMII-9 knerkamu THP-1.

Haiu naHHbBIE CBUIAETENBCTBYIOT O TOM, UTO
ypOKMHa3a cnocobHa MHAYLIMPOBaTh 0Opa3oBaHue
MaTPUKCHOI MeTaJIJIONPOTEeMHA3bI-9 B MOHOLIUTAX,
U 3TOT 3PPeKT onocpeayercs akruBauueii MAP-
kuHa3Horo curHajibHoro nytu MEK1/ERK1,2, a
TaKXe MPOMCXOAUT TIPU yYaCTUU apaxXUIOHOBOI
KUCJIOThI, 00pa3ylolleiicsl B pe3yJbTaTe peakliuu,
KaTaJu3upyeMoil IMTOo30J1bHOI (hopmoii (pocdo-
nunasbl A2 [72]. KoHeuHOl TOUKOW MPUJIOKEHUS
ATOr0 MYTU MOXET SIBJASIThCS aKTUBALIMS TpaHC-
kpunuuoHHoro ¢akrtopa NFkB, akTuBupyioiiero
padoty reHa MMII-9, a TakxXe, BO3MOXHO, psjaa
IPYTUX MPOBOCIAIUTENbHBIX reHoB. Ha ocHoBa-
HWUM 3TUX JaHHBIX, MOXHO TI0JIaraTh, 4TO (PakTop
HEKpo3a OITyXOoJIell TaKXKe SIBISETCS ITPOMEXY-
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TOYHBIM 3BEHOM IIpoliecca Mepeaayu BHYTPUKJIE-
TOYHOI'O CHUTHaJja, BBI3BIBAIOIIETO OOpa3oBaHUE
MMII-9. O6 3TOM CBMAETEIbCTBYIOT MOJYYEHHbBIC
HaMU JaHHBbIE, yKa3bIBalolllMe Ha BO3MOXHOCTh
HoAaBJIEHUSI CIIOCOOHOCTU YPOKMHAa3bl K o0pa-
30BaHUI0 MAaTPUKCHOM MeTaJJIONpOTEenHAa3bl-9 B
MNPUCYTCTBUM IIpemnapara etanercept, OJIOKUPYIO-
1IEro B3auMMOAEHCTBUE (paKTopa HEKpOo3a OMyXo-
Jiell ¢ ero KJIETOYHBIMU pelenTopaMu. B 1eiaom
npouecc oopaszoBanus MMII-9 nox nmeiicTBueM
YPOKMHA3hl HOCTATOYHO CJIOXEH M BKJIIOYAaeT B
ce0s1 KaK CTUMYJISIIINI0O KOMIIOHEHTOB KJIETOYHOTO
CUTHAJIMHTA, TaK U 00pa30BaHUeE MPOMEXYTOTHBIX
(bakTOpOB, B 4YaCTHOCTH (haKToOpa HEKpo3a OIy-
XOJIeH, SIBJISTIOIIETOCST MOIITHBIM TTPOBOCITAIUTEb-
HBIM areHTOM.

B HalneM HemaBHEM HCCJEIOBAHUM OBLIO
00HapyXeHO, YTO YPOKMHAa3a CTUMYJIMPYET IKC-
npeccuro MMII-9 u o6pazoBanue APK B Kyib-
TUBHpPYEeMBIX (prbpobiacTax (cTaThsl HampaBiieHa
B Ile4aTbh). AHTUOKCUIAHT 30CeieH HUBEIUpPYeT
CTUMYJMpYIOlee BIAMSIHUE YPOKMHA3bl Ha 3KC-
npeccuio MMII-9 B pubpodaactax. CXomHBIM, HO
OoJiee BBIpaXXKeHHBIM JIeCTBUEM o0Jaman (akTop
Hekpo3a onyxoJjeil anbda. [lonydyeHHbIe TaHHbIE
CBUIETEIbCTBYIOT O TOM, YTO YPOKMHa3a MOXET
perynupoBaTh 3Kkcnpeccuio MMII-9 3a cuer 06-
pasoBaHusi AO®K B ¢pubpobracTtax, 4To MOXET
UTPATh BaxKHYIO POJIb B CTUMYJISIUMUA MUTpaLluKU
¢pubpobiacToB U Pa3BUTUU KOHCTPUKTHUBHOIO
(HeraTMBHOIO) peMOAEIUPOBAHUS COCYIOB 3a CUET
YTOJIILIEHUS aABEHTULINH.

YpoknHa3a Takxe IMPUHMMAET y4yacTHE B
aKTUBALlMM U BBICBOOOXIEHUM psiga (paKTOpPOB
pocTa, CBA3aHHBIX ¢ MEXKJIETOUYHBIM MAaTPUKCOM.
Tak, ObLIO ITOKA3aHO y4yacTuU€ YPOKMHAa3bl B aK-
TuBauuu (akrtopa pocra remarouuTos (HGF),
KOTOPBIII CEKPEeTUPYETCS CTpOMaJIbHBIMU (pruOpo-
OsacTaMu B BUJE OJHOLENOYEYHOIO OMOJOTHYe-
CKM HEaKTHUBHOIO mpeainecTBeHHUKa [73]. Kpome
TOrO, YPOKMHAa3a MIpUHUMAET yyacTue B aKTUBa-
uuun VEGF-189 [74] u mnasMuUH3aBUCUMBIM 00-
pasom B aktuBauuu TGF-B [75] u Cyr6l [76].

Anre3us ¥ MUrpamms

brino mokazaHo, 4TO ypoKMHa3a CHocoOHa
CTUMYJIMPOBATh MUTPALIMIO SHIOTEIUAIbHBIX [77],
r1aJKOMBIIIEYHBIX [78], anuTeNnaabHbIX KJIETOK
[79] u MmoHo1MTOB [80] HE3aBUCUMO OT €€ TIPOTEO-
JIUTUYECKOM aKTUBHOCTH. CyYIIIECTBYET HECKOJIBKO
MojeJiell y4acThsl YPOKMHA3bl B 3aIlyCKe KJIeTOY-
Hoil Murpauuu. uPAR urpaet BaxHyo posib B 00-
pa30BaHUM KJIACTEPOB MHTETPUHOB M CUTHAJIBHBIX
MOJIEKYJ, YTO HeoOXoaumo AJs 3(PpheKTUBHOMK
rnepegayy CUTHaJla OT MHTETPUHOBLIX PEIIEIITOPOB
[51].
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Hamu 6b110 ycTaHOBJIEHO, YTO KPUHIJI-IOMEH
YPOKMHA3bl OMOCPEayeT ee XeMOTaKcuieckue -
¢exThl Ha INIaaKOMBIIIeYHbIX KieTkax [11]. Tak,
KPUHIJI-IOMEH YPOKMHAa3bl, a Takxke ¢dopma, Ju-
1IEHHasT POCTOBOTO IOMEHa, KOTopas He CBS3bI-
BaeTcd C «KJlaccuueckum» pelentopoM uPAR/
CD87, crocoOHBI BBI3BIBATh aKTHUBaLUIO P38 u
p42/44 MAP-kuHa3 u Murpauuio Kietok. B ce-
puu paboT MoKazaHa aKTUBALMS CEPUH-TPEOHU-
HOBBIX KMHAa3, TakKuxX Kak KuHa3zel ERK/MAPK
noj aeiictBueM ypokuHassl [37, 50, 80]. IIpu uH-
rMOMpOBaHUM NAHHOTO MYTH, YPOKMHA3a, WU
€€ KPUHIJI-IOMEH, He CIOCOOHBI aKTUBUPOBATH
murpauuio [39]. ITokazaHo, 4YTO Ha MOBEPXHOCTH
I'MK KpuHIJI-IOMEH CBSI3BIBA€TCS C IMPOTEUHOM,
KOTOphIii oTinnyaeTcss oT UPAR u mHTerpuHOB U
aKTUBAIlMsg MUTpaAlUU MOJ ACHCTBUEM KPUHIJI-
JIoMeHa MOXKeT IIPOUCXOAUTh 1 6e3 yyactusi uPAR
[11]. bonee Toro, (popMa ypoKMHAa3bl, JUIICHHAS
KPMHIJI-IOMeHa, He objlamaeT XeMOTaKCHMYECKU-
MU CBOMCTBaMHU, HECMOTPS Ha CIIOCOOHOCTH CBSI-
3piBatbcsl ¢ UPAR [11]. Tem He MeHee, B ciyyae
aKTMBallUM MUTPALIMU MO ACHCTBUEM ITOJTHOpPA3-
MEPHOM YpPOKMHA3bl, B CTPYKTYpE€ KOTOPOM NpU-
CYTCTBYIOT KaK POCTOBOM, TaK M KPUHIJI-IOMEHBHI,
0Ka3aJIoCb HEOOXOAMMBIM CBS3bIBAHUE OOOUX
JIOMEHOB cO cBoMMM peuentopamu — UPAR u
«KPUHTIJCBA3bIBatOIIUM mpoTenHoM» (KCIT).

IIpoliecc KJIeTOYHONM MUTpPALlMA MOXHO pa3-
OUTh HA HECKOJIBKO BTaIOB:

1) Cea3piBaHue ypokuHasbl ¢ UPAR Ha riman-
KOMBIIIEYHBIX U SHAOTEIMATbHBIX KJIeTKaxX IMpu-
BOOMT K akTuBalus Jak/Stat-CUTHaJIBHOTO MYyTH.
Janus kuHa3sbl, Jakl u Tyk2, oOpa3yloT KOMILIEKC
¢ uPA-uPAR Ha nupgupyloiemM Kpae KJIETKH,
YTO, B CBOIO OYepedb, NMPUBOAMUT K TPaHCJIOKaA-
uumn dakropos Statl, Stat2 u Stat4 B IApo KieT-
K1 [52]. MuUrpalMOHHBINA OTBET OMOCPEAYETCS
Tyk2/PI3-K/RhoA/Rho KMHa3HBIM ITyTEM.

2) Iocnenyioliue CUTHAJIbHBIE MyTU TpeOy-
10T acconuamnuu UPAR ¢ PDGFR-b u 3aBucar ot
€ro KMHa3HOW aKTUBHOCTU U B3aUMOIEUCTBUS C
PI3-K uepes Tyr740/Tyr751.

3) Janee, aktuBauusg STATI1 ypoxkuHa-
301 TaKxXe TpeOyeT accouualuy pelernToOpoB U
PDGFR-knHa3HOII aKTUBHOCTH, OJHAKO He 3a-
Bucut ot PI3-K.

MeTtogoM COMMMYHOIIPEUUIIUTALIUU OBLIO
MOKa3aHo, YTO IpU B3aUMOIEHCTBUU YPOKHUHA3BI
¢ uPAR B I'MK npoucxomuT MX accolualus c
PDGFR-b, nocie 4ero mpoucxoguT €ro akTHUBa-
uus u aumepusanus. [Ipudem anasg aToro mpo-
lecca He TpeOoBajCs MPOTEOIUTUUYECKUN TOMEH
ypokuHa3ssl [81]. PDGFR-b criocobeH B3aumoneii-
crBoBatrh ¢ STAT1 u HemocpeacTBeHHO ero ¢oc-
dopunupyeT. ABTOpbl HpeAnojararT IJ1aBHYIO
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poinb STAT1 B perynsauuu KJaeTOUHOU Mposude-
palluy U B HOBBILIEHUU BpeMeHU Murpauun I'MK
Ha YpOKHMHAa3y MyTeM 3aMemJIeHUsI KJIETOYHOIO
nukia (puc. 6).

Taxkxxe ObLJIO TTOKa3aHo, YTo akTuBauus ERK
MOXET OBITh OIIOCpeloBaHa 0Opa30BaHUEM KOM-
niekca UPAR ¢ EGFR [82]. Roztocil u coaBTophl
rmoxkasajiud, YTO KPUHIJI-IOMEH YPOKHWHAa3hbl 3a-
MmycKaeT KJeTOYHYI Murpauuio dyepes Goi, co-
npskeHHbI ¢ G-niporenHoM PI3-K 3aBucuMbiii
mpoiiecc, B koTopoMm ydyactByeT EGFR u Bkiio-
yaeT B cedbss ERK1/2 u p38MAPK [83]. IIpuuem
MUTpalus, BbI3BaHHAsl KPUHIJI-IOMEHOM, OKa3a-
Jlach njaazMuH3aBucuMoil 1 MM P-3aBucumoit. To
€CTh IIpM CBSI3bIBAHUM ypoKMHa3bl ¢ UPAR kiet-
Ka ¢ MOMOIIbIO HAIPaBJEHHOrO MPOTE0I13a pac-
yuIIaeT cebe MyTh, a KPUHIVI-IOMEH YPOKWHA3BI
3aIyCKaeT BHYTPUKJETOYHBINA CUTHAJIWUHT, KOTO-
pBIi CITIOCOOCTBYET HEMOCPEACTBEHHO NBUXKEHUIO
KJIETKU.

Ha nuHum onyxonesbix KiaeTok MCF-7 6b110
nokazaHo, 4To UPAR u Bl-MHTErpvHBI y4yacTBY-
0T B MUTpallMM, CTUMYJIUPOBAHHOU YPOKMHA30MA,
MOCPEACTBOM aKTUBAIIMM CUTHAJIBLHOTO Kackazia ¢
yuacteM Ras, MEK, ERK u MLCK [46]. Tak-
K€ ObLJI0 MOKa3aHO, YTO 00pa3oBaHUE KOMILIEKCA
uPAR — puOpoHEeKTUH-UHTEIPUHOBBIN PELEITOP
¢udbpoHekTHA avfl TMPUBOOUT K MOBBIILICHUIO
ypoBHs akTuBanuu ERK [84].

MeTogoM COMMMYHOIIPEUUIIUTALIUU OBLIO
nokKa3aHo cBsi3biBaHHe UPAR ¢ HepelenTopHbEIMU
Src TUPO3MHOBBIMU KMHa3amMu: pS9h, p53/564n,
p53/598k, pS5fer [85], p60~™, p53/pS6Mn, pS6&PSItek,
p59tr [50].

EGF-R

GP 130

Ha mouyeuyHBbIX SHIOTENMANbHBIX KJETKaXx
muHuun TCL OblI0 MoKa3aHO, UTO KJjacTepu3a-
uusg uPAR M ypokKHa3a ¢ IOMOIIBIO MOHOKJIO-
HaJIbHBIX aHTUTEJ CIIOCOOCTBOBAJIA acCOLMALIMM
kuHa3el JAK1 ¢ uPAR, BcieactBue 4ero mnpo-
ucxonunao ¢pochopuaIupoBaHUE U AUMEpU3ALUS
Statl, 1 UHAYUMPOBAJIaCh SIIEPHAST TPAHCIOKALIMSI,
MPUBOSIIAS K €ro CBA3bIBAHUIO CO cIlenuduye-
ckumu caitamu Ha JIHK GAS (caitiT akTuBanuu
uHteppepon-y) u ISRE (untepdepoHcTumynm-
pOBaHHEI 3JIeMEeHT oTBeTa). bojee BeposITHO,
YTO CUTHaJ BHYTPb KJIETKM OMOCpPEayeT IMPOTeHH
gpl30, KoTophIii Takke cojiokonu3oBaicsa ¢ uPAR
[86]. UuTepneiikuH-6-peuentop-p (gpl30) siBis-
€TCsl [IUTOKMHOBBIM PELENTOPOM, KOTOPBIN CBS-
3bIBa€T LUMTOKHWHBI, HanpuMep 1L—6, u npuHu-
MaeT yJyacTHhe B aKTMBaLlMM Src-KuHa3 u Jak/Stat
curHaibHoro nyTu. Ipotenn gpl30 Takke MOXET
acconuupoBaTbes ¢ UPAR u akTusBupoBath JAK/
STAT-nyte [85, 86], 4TO IMO3BOJLET MPEIIIONO-
XKUTH €ro pojb B KayecTBe TpaHCMEMOPaHHOTrO
ajarnTepa, CayXallero Ijs rnepeaayd CUrHajia oT
YPOKMHA3bl BHYTPb KJIETKU.

Peuentop ypokmHasbl, B3aMMOIEUCTBYS C
WHTEeTpUHAMU, BJIMSET HE TOJbKO Ha KJIETOY-
Hble (YHKIMHU, HO M Ha aAre3MOHHO3aBHCUMYIO
BHYTPUKJIETOUHYIO curHaiausanuio. Ilpu 61o-
KMPOBAHUM ITOTO B3aUMOACHCTBUS TPOUCXOIUT
OJIOKMpPOBKa accolMalliy ceMmeicTBa Src-KuHas
¢ B-uHTerpyHamu. beino mokaszaHo, yTo uPAR
CTaOMIU3UPYET KaBEOJIUH — MHTEIrPUHOBBIA KOM-
MJeKC, B TO BpeMs KakK 4JIeHbl ceMelicTBa Src
COCIUHSIOTCS C B-1ENbl0 MHTErpMHA yepe3 Ka-
BeoJnH-1. B3auMogmeiicTBue src ¢ MHTerpuHaAMU
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HeoOXooMMO TSI 3alyckKa aare3MOHHO3aBUCHMOM
KJIETOYHOU MUTpauuu. s KIeTOUYHOU MUTpallui
HeoO0XoauM LeIblii Habop MPOTEUHOB, OCYILECTB-
JAI0MUX (PU3MYECKYIO0 CBSI3b MEXIY BHEKJIE-
TOYHBIM MaTPUKCOM U IIMTOCKEJIETOM. B Takux
(boKaTBbHBIX KOHTAKTaX CONEPXKATCS MHTETPUHBI —
peuentopel BKM, a 1ienu akTuHa IPUKPEILICHBI
K IMTOMJIa3MaTUYECKOM CTOPOHE C ITOMOIIBIO
BUHKYJIMHA, MMaKCUJIMHA U TanuHa [87]. Murpu-
pylolias KjeTka pa3pyliuaeT KOHTakTel ¢ BKM u
HepecTpanBaeT UX HA MUTPUPYIOLIUNA Kpal KJIEeT-
K1 [88].

Ha nuHugx pakoBbIX KJIETOK Obljaa IMokasa-
Ha (yHKLMOHaJIbHag accoumnanus UPAR ¢ Src u
FAK (kuHa3bl (poKaJIbHBIX KOHTAKTOB) U TO, YTO
Src 1 FAK coBMecTHO yyacTBYIOT B 3allyCKe BHY-
TPUKJIETOYHOW CUTHANU3ALUUN [UIST KIETOUHOU
murpauuu [89].

M3BecTeH emie ogMH MEXaHM3M BIUSHUSI
YPOKMHA3bl Ha MUTPALMIO KJIETKHU, 3aKJI0Yalo-
uiicad B COMMKEHUU OTOMEHOB 1-ro u 3-ro pe-
HernTopa 1pu B3aumoneiictsuu uPA ¢ uPAR. Ilpu
3TOU CTPYKTYPHOI MEPECTPOMKEe pelenTopa mpo-
HWCXOAUT BBICBOOOXACHUE IOCIENOBATEILHOCTH
SRSRY wmexny 1- u 2-bIM JoMeHaMH, KOTopas
CTUMYJIHUPYET MUTPALIAIO MOHOLIUTOB, (prubOpobIa-
croB 1 'MK. Eciu Bo BpeMsl B3auMOIEUCTBUS
ypokurHa3bl 1 UPAR He nmpoucxoauT MHruoMpoBa-
HUS IPOTEOTUTUYECKOTO JOMEHa YPOKMHA3bl, OHA
CITOCOOHA «PaCKyChIBaTh» YYACTOK MEXIY IMePBbIM
U BTOphIM JToMeHOM UPAR, TeM camMbIM, BBICBO-
o6oxnag SRSRY. bniio mokasano, yto FPRLI
(romosior TMLP-peuienTopa) orocpenyeT KjieTou-
HYI0 MUTPALMIO, BHI3BAHHYIO 3KCITOHUPOBAHUEM
SRSRY [80]. Takxke ObLJIO IOKa3aHO, UTO IIpU
CTUMYJISILIMU KJIETOK 3TUM MHENTHUIOM TPOUCXOIUT
akTUBaLMs pS6/pS9hck TUPO3MHOBOII KMHA3BI Ye-
pe3 G-nporenns [90].

Kjeller u coaBTOopnl mokazanu, 4yto uPAR,
B3aMMOJENUCTBYS C BUTPOHEKTUHOM, WHUILIMUPY-
eT pl30Cas/Rac-3aBUCUMBII CUTHAJBHBIA MYTh,
MPUBOMASIIUI K peopraHu3allui aKTUHA U TTOBbI-
LIEHUIO KJIeTOYHOI MOABUXXHOCTU, U B TO XK€ Bpe-
M CAYXKUT B KaueCTBE aIre3MOHHOTO peLernTopa,
HEeoOXOAUMOTOo AJIs 3TUX TpolieccoB [91].

DHAOIUTO3

YcTaHOBJIEHO, YTO MHTEPHAIM3ALUS YPOKU-
Ha3bl, a TaKXe NPYTUX JIMTAHIOB Yepe3 peLen-
TOpBI, MogoOHKIe peuentopy LDL compoBoxga-
€TCS aKTUBallMell CUTHAJbHBIX CUCTEM KJETKH,
MPUBOASIIEH K aKTUBAllMM BHYTPUKJIETOYHBIX
nporenHKrUHa3. Yepe3 mocaenoBaTeJIbHOCTU Asn-
Pro-X-Tyr peuentopsl, pOACTBEHHLIE PELEITOPY
LDL, B3auMOIEUCTBYIOT C LIUTOILIAa3MAaTUYECKUM
aJarTepHbIM IIpoTernHoM Dab-1, 4To mpuBOIUT K
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CBSI3bIBAHUIO U PETYJIMPOBAHUIO aKTUBALIMU HEpe-
LIENTOPHBIX TUPO3UHOBBIX KMHA3 CEMENCTB Src U
Abl [92], a Tak:ke TpoTenHa tau, CTaOMIU3UPYIO-
mero MuKpoTpyoouku [104]. YneHBl cemeiicTBa
LDLR Tak:xe mpyMHMMAIOT y4acThe B aKTHUBallUU
MAPK-3aBuCMMOro CUrHaJbHOTO MNYyTU U BIIUSI-
0T Ha anaresuto Kjaetok [35]. Kpome Toro, GbLio
nokaszaHo, 4ro LRP/o,-MR accouuunposaH ¢ re-
TepOTpUMEPHBIMU G-TPOTEeMHAMU U TIPUHUMAET
yuactue B aktuBauuu PKA [38]. MHTepHanu3a-
LISl YPOKMHA3bI, a TaKXKe IPYTUX JUTaHAO0B Yyepe3
LRP conpoBoxgaeTcsl akTuBallMeil CUTHaJIbHBIX
CHCTeM, HallpuMep, MPOUCXOAUT aKTUBALIUS MTPO-
TeMHKUHa3bl A. Takxe Oblio mokazaHo LRP-
3aBUcuMoe BiaussHue UPAR Ha ypoBeHb aKTuBa-
muu Racl B KJleTKaxX MBIIIMHBIX 3MOPUOHATbHBIX
(ubpobaactos [93]. MHTEpeCHO TaKKe OTMETUTD,
YTO TOCJ€ MHTEpPHAJU3AlUU KoMIljaekca uPA-
uPAR-PAI-1 ¢ nomompbio LRP u ero merpamauuu
B Ju3zocomax UPAR peuupkyJIupyer Ha KJIETOY-
HYIO TIOBEPXHOCTh, NpUYEM IPEUMYIIECTBEHHO
B HOBOOOpa3syoluecs (PoKajabHble KOHTAKTHI Ha
JIMAMPYIOIIEeM KOHIle KJIeTKH [94]. [Inst Murpamuu
KJIETKM HEOoOXOIMM IIPOIecC DHIOLMTO3a KOM-
mjekca ypoknHasza-uPAR-PAI-1, ¢ manpHei1numM
nepepacnpenejcHueM pelenTopa Ha JUAUPYIO-
1y Kpal kjetku. Takxke ObljIa ITOoKa3aHa OJHO-
BpeMeHHas MHTEpHAIM3alUsl YPOKMHA3HOTO pe-
LenTopa U uHTerpuHa Gera-1 [95].

Ha puc. 7 mpencraBjieHO cXxeMaTH4eCKOe
n300paxkeHHe OMHOTO U3 BO3MOXHBIX BapHMaHTOB
COOBITUI B KJIETKE, TIPOMCXOASIIIMX MPU KJIETOU-
HOW MUTpalMU, BI3BAHHON YPOKMHA30M.

IIponudepanusa u anonto3

MuTtoreHHasi akTUBHOCTh YPOKMHAa3bl Ha0-
JiIofajlach Ha MHOTMX THUIAaX KJIETOK, B TOM YHC-
Jie Ha YeJIOBEUEeCKUX SMUIAEPMaTbHBIX KJETKax,
HOPMAJIbHBIX 1 3JI0KAYECTBEHHBIX KJIETKAX MOYKH
U KJIeTKax MejaHoMbl [96, 97|. HemaBHue uccie-
JOBaHUS TOKa3aau, YTO Mpoaudepans pakKoBbIX
KJICTOK 4YeJIOBeKa 3aBHUCUT OT B3aMMOACHCTBUS
komiekca UPA-uPAR ¢ uHTerpyuHamu, 4TO Be-
net K aktuBanuu p38 MAPK [98]. Gyetko u koin-
JIeTU TIOKa3aJii, YTO y MBIlIEH, HOKAyTHBIX IO
ypokuHa3se, npoiaudepanuss T-KIeToK okaszajiach
cHuXeHHo# [99]. Ha pakoBbIX KJieTKax Oblja IMo-
Ka3zaHa CIOCOOHOCTh POCTOBOTO JIOMEHA YPOKMU-
Ha3bl 3aMyCcKaTh KJIETOUHYIO Tpojudepannio Ha
ocTeobactononooHbx KieTtkax [100], kaeTkax
mesaaHoMbl [101], KjeTKax ocTeocapKOMBbl YeI0BE-
Ka SaOs—2, paKoBBIX KJIETKaX MOJIOYHOI KeJie-
3p1 [102, 103]. IIpuyem s atoro addexra He-
00XOOMMBIM SBJSIOCH ¢yKo3uaupoBaHue Thrl8
B pOCTOBOM JoMeHe ypokuHa3sel [104]. Gandhari u
COaBTOPHI I10JIATAIOT, YTO MUTOTCHHASI aKTUBHOCTD
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ypokuHa3sbsl onocpenyercsa uyepe3 ERK/MAPK-
CUTHAJIBHBIM MyTh, 3aITyCKAEMBIM MHTETpUHAMU.
YpoknHaza MoxeT cTUuMyaupoBarb cuHTe3 JJHK
u npoaudepanuio 'MK cocynoB He3aBUCMMO OT
MNPOTEOJUTUYECKON aKTUBHOCTU U B3aUMOJEH-
ctBus ¢ uPAR [101,105]. YpoknHa3a MoXeT Tak-
K€ MHIYLUUPOBATh Mpojudepalnio KJIeTOK IMo-
CpeacTBOM akKTuBalLuu KomIuiekca uPAR/CDS87,
Ka3eMHKWHAa3bl-2 U TPAaHCHOPTHOTO MpOTEMHa
HykJieoauHa [52]. HykjeonuH peryimpyeTt TpaHC-
kpunuuio u perumkauuio JHK, poct knetok u
aHnruorenes [32].

MHorue TUIIbI KJIETOK, BbIJCIEHHBIE U3 3J10-
KauyeCTBEHHBbIX 00pa30BaHUU y yejoBeKa, TaKMX
KaK pakK XeJayakKa, MOJOYHON Xeje3bl, MpsIMOi
KMILKH, OCTEOCApPKOMA U paK JIETKOTO YCTOMYMBbI
K anonmo3sy [106]. HemaBHMe WccaemoBaHUS OT-
METWJIN KOPPENSAIMNI0O MEXIY CUCTEMON YPOKU-
Ha3a-peLenTop U YyBCTBUTEIbHOCThIO KJIETKU K
3anporpaMMHUpoBaHHOi cMeptu. Gutierrez u co-
aBTOPbI YCTAHOBUJIM, UTO NPU MMILJIAHTALIUM KJIe-
ToK (prbpocapkoMbl T241 B MBIIIb C HOKAyTOM IO
YPOKHMHA3e YMEHbIIAeTCs Mpoudepanus KISTOK
OIYXOJIM U TOBBILIAETCS WHAYLMPOBAHUE aIloOl-
to3a [107]. IIpu BekTOpHOI1 TpaHCHEKLIUU aAHTU-
cMmbiciioBoil SiIRNA K ypokuHase MmpoOUCXOAUJIO
CHUXXeHUe mpoiudepaluny U NOBbIIIEHUE aIlloITo-
3a KJIETOK pakKa MOJIOUHOH Xeye3bl MDA-MB-231,
a MpU BK30T€HHOM J00aBJEHUM U MHKYOaLUU
3TUX KJETOK ¢ UPA mpoucxomuT akKTHUBaLUs
ERK/MAP-kuna3 [102]. bonee Toro, mpu UHKY-
oupoBaHuu MDA-MB-231 kJleToK ¢ aHTUTeIaMU
K uPA, KoTopble GJOKMpPOBaIu B3auMOIEUCTBUE
uPA-uPAR, Ha0m00a710Ch CHUXXEHUE KOTUYECTBA
dbochopunupoBanaeix ERK/MAP-knHa3 u mo-
BoilieHue anonto3a [108]. Ilpu GrokupoBaHUU
cnenudunueckumm antureaamu uPA miu uPAR
MPOUCXONNJIO OAMHAKOBOE TMOBBILIEHUE aIoINTO3a
kietok. ITokazaHo, yTo akTuBUpoBaHUe MAPK/
ERK nosbiano axkcnpeccuto uPA u uPAR. AH-
tramnonTo3Hble cBoiictBa ERK/MAPK, BeposTHO,
MOTYT OBbITh CJIEACTBMEM HX CIIOCOOHOCTU K aK-
TUBaLlMM KMHaA3 ceMeiictBa Rsk, KoToprie B cBOIO
ouepensb pocdopunupyior nporendH BAD — or-
BETCTBEHHBIN 3a arlonTo3 M TPAaHCKPHUITITMOHHBIH
¢dakTop CREB (cAMP response element binding
protein) — OTBETCTBEHHbII 3a BbIXKMBAHUE KJIETKU
[109]. O6a Rsk-onocpenoBaHHBIX MeXaHU3Ma IIPU-
BOIST K anonrto3y. Wick U coaBTOpbl Mokasaiu
MOJIOKUTENbHYIO KOPPEISLUI0 MEXAy YPOBHEM
Bcl-2 B 3710Ka4eCTBEHHBIX KJIETKAX IJIMOMBI C 3KC-
npeccrueil MeTaJJIONpOTeuHa3 U MOBEPXHOCTHOM
YPOKMHAa30#. ABTOPHI mpeanonaramT, 4To Bcl-2 B
PaKOBBIX KJIETKaX CIIOCOOCTBYET KJETOUHONH MU-
rpallMd ¥ MHBa3uU, BIMSS Ha 3Kcrnpeccuio uPA
u MetajnornpoTtenHas [110]. OguH u3 BaxKHEHIINX
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(hakTOpPOB, OMOCPEAYIOLIUIA aNONTO3, — PEUENTOP
rubenu kiaerok Fas (CD95), mpuHamiexamuii
K cemeiictBy TNF (dpakTop Hekpo3a ONyXoJH).
DTOT peLernTop COCTOUT U3 BHEKJIETOUHON YacTH,
B3auMozeiicTByouieil ¢ aurangom FasL (CD95L)
W BHYTPUKIJIETOYHOM 4YacTU, OTBETCTBEHHOM 3a
nepegavyy CUIrHajoB amomnTo3a. Barnhart u co-
aBTOPHI ITO0Ka3ajn, 4To npu MHKybamuu FasL c
OIYXOJIEBBIMU KJIETKAMHU, KOTOPBIE CYTIEPIKCITPEC-
cUpyIOT Fas, MpoucxoauT MOBbILLIEHUE KJIETOUHOM
MOJABUXKHOCTU WHBa3uu. bJIOKMpPOBaHUE aHTUTE-
Jamu uUPA cHuxano maHHble 3P@eKTh. ABTOPBI
npenroJjaramot, 4yTo FasL mMoxeT mHOyLupoBaTh
TpaHckpunuuio reHoB NF-kB, ERK/MAPK v uPA
[111]. Alfano 1 coaBTOpHI MMOKAa3aau, YTO YPOBEHb
aKkcrpeccu UPAR mojaoXuTeabHO KOppeliupyeT
C YCTOMUYMBOCTBIO K aIlONTO3y B JIMHUSIX KJETOK:
SMUTENNATBHBIX MUTMEHTHBIX KJETKaX CEeTYaTKu
U BMOPUOHAJIbHBIX SMUTENNATBHBIX KJIETKaX Moy-
ku. BzauMmopelictBue ypokrHasbl ¢ UPAR npuBo-
JUJIO K TIOBBILIEHUIO PEryaslMd aHTUAIOITO3-
Horo Bcl-xL, ¢akTopa, KOTOpbIil HEOOXOAUM IJISI
3aBHCUMOIM OT YPOKMHAa3bl AHTUAMNONTO3HOM aK-
tuBHOCTH [112, 113].

Panee Mbl mokazanu, 4To AJISI CTUMYJISLIUA
murpauuu cocynucteix I'MK mon aeiictBueM ypo-
KWHa3bl HEOOXOAMMO HaJIMuue €€ MPOTEOIUTHYE-
CKM aKTuBHOro momeHa [114]. Kpome Toro, mbl
OOHapyXWJIM HOBBIM CUTHAJIbHBIII MEXaHU3M, BO-
BJICUEHHBII B PETYJSLIMIO TTpoiaudepaluiu KJIeTOK
U peMozaeaupoBaHus apTepuii. Mcmoab3ysa siRNA
MBI J0Ka3aau, 4To B cocyaucteix ' MK ypokuHa3za
CTUMYJIUPYET 00pa3oBaHUE aKTUBHBIX (pOPM KuC-
JIopoza 3a CUYeT CTUMYJISIIUM 3Kcrpeccun NADP-
okcuaas noxl, nox4 u phox22 [115] u, Takum 00-
pa3oM, ctuMmyiupyet npoiaudepanuio I'MK. Ha
puc. 8 MpencTaBiIeHO cCXeMaTHUYecKoe M300pake-
HHME MEXaHU3MOB, CIIOCOOCTBYIOIIUX IIpoJindepa-
LIMM KJIETOK MO ACUCTBUEM YPOKWHA3BI.

PemozeinpoBanne CoCyaoB M ypOKHHA3a

PemonenvpoBaHue COCYyI0B IMpEACTaBJISIET
co0oii mpoliecc aganTaluy, BKJIOYAIOIIWA B ce0s
TBICSIYUM CTPYKTYPHBIX U (DYHKIIMOHAJIbHBIX U3ME-
HEHMU COCYIMCTOM CTE€HKHM, KOTOPHIE BO3HUKAIOT
npu 3a00JIeBaHUSAX, CTAPEHUU W TOBPEXAECHUU
cocyna [116]. MexaHMU3MbI, Y4acTBYIOIIME B pe-
MOJEJIMPOBAHUM COCYAUCTONW CTEHKM BKJIIOUAIOT
TUNEPIJIA3UI0 UHTUMBI U MEIUW, U3MEHEHUST BHE-
KJIETOUHOTO KOJlJIareHa U 3JlaCTMHA, a TakXe DH-
JoTeluanabHOi pyHKIUU U pudposa. M3-3a ciox-
HOCTU U MHOXECTBEHHOCTH NPOLECCOB TPYAHO
OOHapyXUTh €AUHBII MEXaHM3M, CIOCOOCTBYIO-
1IMI HEOJIArONPUSATHOMY PEMOMAEIUPOBAHUIO CO-
cynoB. MHorojeTHue HCCaeaOBaHUS (QYHKUUI
aKTUBaTOpa IMJa3MUHOreHa yPOKMHA3HOIo TUIa
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Hblll Mampuk.c

(YpoKHHa3bl), a TaKXke ero BAMSHUS Ha pas3any-
Hble MaTO(PU3UOJOTMYECKEe MEXaHU3Mbl PEMOIE-
JIUPOBaHUS apTepuil MIPUBEIU HAC K 3aKJII0YEHUIO,
YTO UMEHHO YPOKMHA3a SIBJISETCS KJIIOUEBbIM pe-
TYJSITOPOM PEMOJECIMPOBAHUS B CTEHKE COCYIOB
MocJjie MEXaHUYECKOro MOBPEXKIEHUS.

ITocie BHYTPUCOCYAUCTOTO MOBPEXICHUS
MpU aHTUOMJIACTUKE, CTEHTUPOBAHUMU WJIM aTe-
poskTomMuu y 20—30% OGOJBHBIX B TeuyeHUe 6
MECSILIEB Pa3BUBAETCSl NOBTOPHOE CyXXEHHE Mpo-
cBeTa apTtepuu, uiau pecteHos [117]. TpomboTu-
yeckasi M BOCIaJuTebHasl peaklMy HAYMHAIOTCS
C MOMEHTa MOBPEXACHUS COCyla U NOCTUTAIOT
MakKCUMyMa: TepBasi — B Te€YeHHEe TEePBBbIX YaCOB,
BTOpasi — TEPBBIX-BTOPBIX CYTOK (puc. 9). Ilpu
9TOM LIMTOKMHBI U (AKTOPbI POCTa, BblAEIsIEMbIe
TpOoMOOLIUTAMM U JICHKOLIMTaMU, aKTHUBUPYIOT
I'MK, koTopble HauMHAIOT MpoaUdEepUpoOBaTh U
MUTPUPOBATh U3 MEAUU B MHTUMY. DTU Mpolec-
Chl TOCTUTAIOT MaKCMMyMa Ha 7-i IeHb 1 3aKaH-
YMBAIOTCSl Yyepe3 Mecsll mocie MmoBpexaeHus. Ha
BTOpOI Hejesie MUTPUPOBABILINE KJIETKU HAauMHa-
0T YCUJIEHHO CHMHTE3MPOBaTh MaTPUKC, MPOLECC
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JOCTUTraeT MaKCMMyMa 4epes 3 Mecsliia U Ipoao-
JKaeTcsl 0KoJIo 6 MecsaleB. Bee 3T mporiecchl mpu-
BOJAST K Pa3BUTUI0O HEOMHTUMBI, (DAKTUUYECKU HO-
BOI OJISILLIKH, U K PEMOACIMPOBAHUIO COCYIUCTOMN
CTE€HKH, YTO B KOHEUHOM UTOTE BElET K CYKEHUIO
MPOCBETa U BO3BPATy CUMITOMOB MIIEMMHU (CTE-
Hokapauu) [118]. Mbl moka3asiu, 4YTO YpOKMHa3a
MpSIMO MJIM OMOCPENOBAHO — 4Yepe3 aKTHUBAIMIO
Mjaa3MuHa, MPUHUMAET ydyacTHEe BO BCEX ITUX
npoleccax.

[loBblllIeHHOE cofep:KaHe YPOKMHA3bI B Me-
pudepruecKkoil KpoBU OOJBHBIX, MTOIBEPratOIIMXCS
AHTMOIJIACTUKE U CTEHTUPOBAHUIO KOPOHAPHBIX
apTepuii, COOTHOCUTCS C BbICOKMM PHCKOM pa3-
BUTUS PECTEHO30B, U SIBJISETCS MPEIUKTOPOM aH-
ruorpacuyeckKy MOATBEPKIACHHOTO KOPOHAPHOIO
pecteHosa [5, 119, 120]. MbI oOHapyXuau, 4TO
AHTUTEeH YPOKMHAa3bl U €¢ aKTUBHOCTb B IlJlazMe
MallMeHTOB CYILLIECTBEHHO BBIIIE y MalMeHTOB CO
CTeHOKapAuel, 4eM Yy 3J0pOBbIX TOOPOBOJIbIIEB
[121]. MBI u Apyrue aBTOpBI MOKa3aju, YTO IKC-
npeccuss U aKTUBHOCTh YPOKMHA3bl TMOBBIIIEHBI
B 'MK u makpodarax aTepocKIepoOTUUYSCKUX, a
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TakXe pPeCTCHOTUUYECKMX OJISIIIEeK B apTepusIX ye-
JoBeka [122]. bbl1o BBISBIEHO, YTO B aTepPOCKJIe-
POTHYECKON OJISIIIKE YPOKMHA3Y 3KCIPECCUPYIOT
MPEeUMYIIECTBEHHO aKTUBUPOBAHHBIE MaKpodaru
[123]. TloBbllIeHHAs1 BKCIpeccus] YPOKMHA3bl U
ee pelenTopa oOHapyXXMBaeTCsI B aTEPOCKJIEPO-
TUYECKON OJISIIIKEe, YTO MOXET CIIOCOOCTBOBATh
YCUJICHHOMY TMPOTEO0JIM3y, 00YCJIOBIMBAIOLIEMY
HecTaOUIBbHOCTD Onsiiiky [123, 124]. [ToBbllLIeHUE
3KCIIPECCUM YPOKMHAa3bl MaKkpodaraMu ycKopsieT
MpOrpeccCupoBaHre aTEepPOCKJIepo3a U PaHHIOK
CMEepTh TpaHCreHHbIX Mbileit [125]. [Tomumo 3T0-
ro, SIBJISISICh (PAKTOPOM XeMOTaKcuca ISl TJaaKo-
MBIIIEYHBIX KJIETOK, JEHKOLIMTOB U MOHOLIMTOB/
MakpodaroB ypokuHasa [55, 99], sakcnpeccupo-
BaHHasl B aTePOCKJIEPOTUUYECKON OSIIKE, MOXET
crnocobctBoBaTh Murpauuu 'MK, eie 6osbiieMy
MPUBJICYCHUIO MOHOLIMTOB/MaKpOo(aros B OJISIIKY
U, TAKMM 00pa3oM, MPUBOAUTH K POCTY U «Je-
crabuiau3auuu» OMSIIKW. YPOKMHA3a MOXET akK-
TUBMPOBATh MaTPUKCHBIE METaJJIONIPOTEUHA3bl U
BBICBOOOXIaTh CBSI3aHHBIE C MATPUKCOM (haKTOPBI
pocTa, B YaCTHOCTH, TpaHchOpMUpYIOIIUA pak-
top pocta B (TGF-B1), ocHOBHOIi (hakTOp pocTa
(pubpobaacTOB U rpaHyJoOLUT-MaKpodar Kojo-
HUECTUMYJIHUPYIOIIUI (haKTop, KOTOpblE aKTUBHO
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y4acTBYIOT B Mpolieccax areporeHesa [75, 126]. B
TO XXe BpeMs caMM (haKTOpbl POCTa CTUMYJIHUPY-
0T MUT'PALIMIO U XeMOTAaKCUC KJETOK M CIIOCOOHBI
MOBBILIATH AKCIPECCUI0 YPOKUHA3bI MOHOLIMTAMM/
MakpodaraMyd U IVIaAKOMBIIIEYHBIMU KJIETKaMU
[55, 127].

Hecneuuduueckass BocnanauTenbHas peak-
LI COCYAUCTOM CTEHKM Ha TOBpeXIeHUue —
Ba)XHO€ 3BEHO MaToreHe3a KaK pecTeHo3a, TakK
u arepockiepo3a [128, 129]. Ha momenu skcme-
PUMEHTAJIbHOM OaJJIOHHOM aHTMOIJIACTUKU MbI
rnoxkasaju, 4TO IMPUBJICUYEHHE B COCYI MOHOLIM-
TOB MOXET ObITb OMHUM M3 MEXaHW3MOB BJIMS-
HUSI YPOKMHA3bl Ha peMOAeJMpOBaHUE, TaK KakK
MOHOLIUTHI SBJSIOTCSI ICTOUHUKOM IIUTOKMHOB U
pPOCTOBBIX (haKTOPOB. DTO MOATBEPXKIAETCS TO-
JIy4eHHbBIMU HaMU JTaHHBIMM O TOM, UTO YPOKHU-
Haza yBeJMYMBaeT comepXkaHue B CTEHKE cocyaa
MPHK — omHOro M3 oCHOBHBIX ITIPOBOCIAIUTEb-
HBIX (PaKTOPOB, CEKPETUPYIOLIMXCSI MOHOLIMTA-
mu/MakpogaramMmu — (akTopa HEeKpo3a OITyXoJei
anbda (TNF-a) 1 sH3MMa, OCYIIECTBISIOLIETO
ero npespaileHue B akTuBHYy0 popmy (TACE —
TNF-a converting enzyme). HaHeceHue ypoku-
Ha3bl BbI3BIBAJO 3HAYUTEIBHOE YBEIMYCHUE DKC-
npeccun Kak TNF-a, Tak 1 TACE 1o cpaBHeHMIO
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C € YPOBHEM B KOHTPOJIbHOI I'pYIINE, B TO BpeMs
KaK HaHeCeHHEe TKAHEBOIo aKTHUBaToOpa IJa3Mu-
HoreHa romo0Horo 3¢ dekTa He okasbiBaio [130].
®dakTtop Hekposa omyxoineii-o (TNF-a), BeIpada-
ThIBAEMBII MOHOLIMTAMH/MaKpodaraMu, HEHTPO-
(unamu, a Takxe CTPyKTYPHBIMU KOMIIOHEHTaMU
COCYIMCTON CTeHKU (TJaIKOMBIIIEUHBIMU KJIET-
KaMu 1 pubpobiiactamu), SIBJISIETCS BaXKHbBIM I10-
CPEIHUKOM Pa3BUTHUS BOCIAJICHUS U BBI3BIBAET
00pa3oBaHUE U CEKPEUMIO MPOBOCHAIUTEIBHBIX
axkTopoB (MHTepaAeHKUH-10, KOPTUKOCTEPOUIHI,
npocrarmaHauHel) [131].

HecmoTps Ha TO, YTO ¥ TKAHEBOI aKTUBATOP
IUTAa3MUHOTEHa, M YPOKMHA3a aKTMBUPYIOT I1J1a3-
MUHOI'eH ¢ oOpa3oBaHMEM ILIa3MHHA, UX POJIb
B peMOICIMPOBAaHUM apTepuii paznuuHa. [locie
0aJJIOHHOTO TIOBPEXIEHUS apTepPUU BKCIIPECCHUs
TKaHEBOI0, U YPOKMHA3HOTO aKTUBAaTOPOB IIJIa3-
MUHOTEHA TJIaIKOMBIIIEYHBIMU KJETKaMU Me-
IUU OBICTPO Bo3pacTtaer [6]. MbI Mmokasanau, 4TO
3KCIIpeCcCcrsl YPOKMHA3hl TOBBIIIACTCS yXe dYepes
6 4acoB IMocCJie MOBPEXIECHUS M OCTAETCs MOBbI-
LIIEHHOU B TeueHue 4 JHeil B MeAUU U pa3BUBAaIO-
mieiicst HeouHTuMe [132], TO eCTh B TeYEHUE TOTO
BpeMeHHU, Ha KOTOpOe IPUXOAUTCSI aKTUBHAS
npoaudepauus 'MK B Menuum u ux Murpauus
B (popmupyloiyoca HeouHTUMY [6]. Ha momenu
peMoIeMpOBaHUs apTepuii, MHAYLMPOBAHHOTO
CHUXEHMEM KPOBOTOKA, MBI TaKXKe OOHAPYKMIIH,
YTO colepKaHMe YPOKMHAa3bl KOPpPEJIUpOBajo ¢
pPOCTOM HEOMHTUMBI, TOTa KaK COmep:KaHWe TKa-
HEBOT0 aKTMBAaTOpa IJIAa3MUHOIeHA KOppeJIrupoBa-
JIO C TIO3UTUBHBIM PEMOJEINPOBAHUEM apTepHUit
[133].

B HacTosiiee BpeMsl YyCTaHOBJIEHO, UTO ypO-
KMHa3a gBJseTCS 00g3aTeIbHBIM YYaCTHUKOM
peakiuMu cocyna Ha nospexaeHue [7,134—136]. B
HCCJIEIOBAHUSIX Ha TPAHCTEHHBIX XXUBOTHBIX [137]
U apTepusix nmpumatoB [138] OBLIO yCTaHOBJEHO,
YTO YPOKMHAa3a SBJISIETCS KIIOUEeBBIM (PaKTOpoOM
pa3BUTHSI HEOMHTUMBI. BBIJIO BBISIBIEHO, YTO OT-
CyTCTBUE IeHa ypPOKMHA3bl, TaKXe KaK U OTCYyT-
CTBHE T€HOB OOOMX aKTMBATOPOB IIAa3MUHOI€HA
OIHOBPEMEHHO TIPMBOAUT K MOIABJIEHUIO POCTa
HeoOUMHTUMBEI. TIpuueMm y atux mbimeit MK Heo-
MHTUMBI OBbLJIM JIMILIEHBI CIIOCOOHOCTHU MUIPUPO-
BaTb. HecnocobHocTh MK ne(pUIIMTHBIX IO YPO-
KMHAa3e MBIIIei K MUTpallvi, a, CJIEI0BaTeIbHO, U
K (popMUpOBaHUIO HEOMHTUMBI, MOXKET OBITH 00Y-
CJIOBJICHA YYacTHEM YPOKMHA3bl B paclierIeHUU
BHeKJIeTouHOTO MaTpukca [137]. TpaHcreHHas
TUMEPIKCIIPECCUST YPOKMHA3Bl B MHTUME COCyIa y
KPOJIMKOB C aTepOCKIepO30M CTUMYJIHMPYET KOH-
CTPUKTHUBHOE peMoAeanupoBaHue aptepum [123].
Caa3bIBaHUE YPOKHMHA3bl ¢ perernntopom UPAR/
CDS87 obecrieunBaeT HampaBJICHHYIO JIOKAJIbHYIO
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Jerpanaiuio MpoTenHOB BHEKJIETOYHOI'O MaTpPUK-
ca I0 HaIpaBJEHUIO ABUXKEHMS KJIeTKU. TeM He
MeHee, OTCYTCTBUE T'€Ha YPOKMHA3HOIO pelenTo-
pa He OKa3bIBaJIO BIMSIHUS HAa OTBET COCYIMCTOM
CTEHKU Ha MOBpEeXIEHNE 0 CPABHEHUIO C MBIIIIa-
MU aukoro turma [139]. DToT dakT yKkas3bplBaeT Ha
MPEeUMYIIECTBEHHOE 3HAYeHME IJIs1 3aKUBJICHUS
COCYIMCTOI CTEHKM HE3aBUCIILIMX OT pelLenTopa
CHUTHAJIbHBIX MyTeil, aKTUBUPYEMBIX YPOKMHA3OM].

C ucnonib30BaHUEM PEKOMOMHAHTHBIX (hOpM
YPOKMHA3bl, KOTOPHIE ObLIM MOJYYEHHI B JJabopa-
topuu reHHoii nHxeHepun PKHIIK Pocmentex-
HOJIOTMM, a TaKXX€ HEUTpaau3yIolIUX YPOKMHA3Y
aHTUTEJ, TIPEeIOCTAaBJICHHBIX I'PYIIIION MHXEHep-
Hoit mummyHosoruu PKHIIK PocMenarexHoso-
T'Uii, 1 peKOMOMHAHTHOI'O TKAHEBOI'O aKTUBAaTOpa
TJIa3MUHOTE€HAa MBI OOHAPYXXUJIM, YTO B OTJIMYHUE
OT HATUBHOW YPOKMHAa3bl MPOTEOJUTUYCCKU HE-
aKTUBHAs peKOMOMHAHTHAs YpOKMHAa3a HE CTH-
MyJIMpoOBajia 00pa3oBaHNEe HEOMHTUMBI U HeOal-
BEHTUIIMM, BbI3bIBajla MEHEE BBIpaXXeHHOE, YeM
B KOHTpOJIe, YTOJIIEHWEe MEIUU U yMEHbIIEeHUe
nmpocBeta aptepuu (puc. 10). Ee adpdexr ObLx
oamke K 3deKTy HeUTpaJIu3yIOlUX YPOKUHA3Y
AHTUTEN, KOTOPbIC TMOAABISIIN POCT HEOMHTUMBI
1 MpeaoTBpalllaid CyXeHHe IMPOCBeTa apTepuH,
BbI3BaHHOE€ OajlloHUpoBaHUEM. B To xXe Bpems
¢dopma ypokuHassl ¢ MmopuduupoaHHeIM GFD,
HecIocoOHasl CBSI3BIBATHCS C YPOKMHA3HBIM pe-
LICTITOPOM, BhI3bIBajia 3(P(PeKThl, aHAJIOTUYHEIE
HaTUBHOM ypokuHasze [132].

Ilony4yeHHBIe TaHHBIC MO3BOJIUIU YTBEPK-
IaTh, YTO in vivo AJS CTUMYJISIUUA MUTPALUU
KJIETOK U PEMOIEIMPOBAHUS apTepuil MpeumMy-
IIECTBEHHOE 3HAUeHUE MMEET MPOTeONUTHYeCKAs
AKTUBHOCTb YPOKHMHAa3bl. DTU 3D (PeKThl BechMa
cneunpUYHbI 11 YPOKMHA3bl 1, BEPOSITHO, 00y-
CJIOBJIEHBI HE TOJBKO €€ CITIOCOOHOCThIO K 00pa3o-
BaHMIO TLJIa3MMHA, TaK KaK TKAHEBOIl aKTUBATOP
TJIa3MUHOT€HAa OKa3bIBaJl MIPOTUBOITOJIOXHOE Jeii-
ctBue [140]. OLieHuBas BAMSHUE 3K30TEHHON YpO-
KMHa3bl Ha ITOKa3aTeJId IeOMEeTPUUYECKOTO peMo-
JIeJUpOBaHUSI apTepuu Tocje 0alJIOHUPOBaHUS,
Mbl OOHApyXWJIM, YTO OHA HE TOJBKO CTUMYJIH-
pYET pOCT HEOMHTHUMBI, HO BbI3BIBAET KOHCTPUK-
TMBHOE peMOoAeIMpPOBaHUE apTepun (YMEHBIICHME
IJIOIAIM, OIMCHIBAEMON HApYy>XKHOW 3J1aCTUYHOM
MeMOpaHOil M yBeJIMUYEeHNE COOTHOIICHUS MHTH-
Ma/Menus). TkaHeBOll aKTUBATOp IJIa3MUHOIEHa,
HAIlPOTHMB, BBI3bIBAJ IMOJOXUTEIbHOE PEMOAEIM-
poBaHUe, HApSIay C MOAABJIEHUEM POCTa HEOMH-
TUMBHI [140].

OTpuuaTebHOEe peMOIEINPOBAaHUE apTepUun
SIBJISIETCS OMHUM M3 OCHOBHBIX MEXaHM3MOB MO3/I-
HEro CYXEHHS IPOCBeTa apTepuu IOCJe aHTHO-
IUIaCTUKU 0e3 creHTupoBaHus [141]. Crioco6HOCTH
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Ha 4-e cymku nocae 6aAN0HUPOBAHUS U HAHECEHUS YPOKUHA3bl HamueHou (UPA), ¢ modupuyuposanrsim po-
cmogvim domenom (UPA/GFD), npomeosumuuecku neakmuenoti (uPA H/Q) u nelimpaiuzyroujux ee aumumen.
Konmpoav — nanecenue uucmoeo eeas. * P < 0,05. B kaxcdoii epynne no 9 s#cueomHwix

YPOKMHA3bl BbI3bIBATH KOHCTPUKTUBHOE pEMOJIe-
JIUPOBaHUE MOBPEXJICHHON apTepur MOXET ObITh
00yCJIOBJIEHA €€ BAMSHUEM Ha aJBEHTULIMIO COCY-
na. HaHneceHue Ha aiBEHTULIMIO 3K30I€HHOM ypo-
KWHa3bl CTUMYJUPYET €€ POcCT, mpoirdepanuio
KJIETOK Y aKKYMYJISILIUIO 0.-aKTUHITOMOXUTEIbHBIX
KJIETOK ¥ MOHOILIMTapHO-MakKpodarajibHylO0 WH-
unpTpanuio, a HedTpaaU3yOIIUEe YPOKUHA3Y
AHTUTENa, HANIPOTUB, YMEHBIIAIOT KOJIUYECTBO
KJIETOK COKPATUTENbHOrO (heHOTUIIA U TTOAABIISIIOT
POCT HEOAJBEHTUIIMM B OTBET Ha MOBPEXACHUE
[142]. TIpu sTOM, HeakTuBHas1 ypokuHa3a (uPA-
H/Q) u TkaHeBoif akTMBaTOp MJaa3MUHOreHa HE
OKa3bIBAIOT CTUMYJMPYIOUIETO BAUSHUS Ha aK-
KYMYJSIIUAIO 0-aKTUHIOJOXUTEIbHBIX KJIETOK U
MakpodaroB B MOBPEXJICHHON aABEHTUIIUU, YTO
yKa3blBaeT Ha oMpeaesioniee 3HaYeHUe MpoTeo-
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JIUTUYECKON aKTUBHOCTM YPOKMHA3BI NI OCY-
1LIECTBJICHUST 3TUX MPOLIECCOB.

Bo MHorux paborax rnokaszaHa B3aMMOCBSI3b
MEXJY peMOACIUPOBAHUEM COCYIOB M 3KCIpec-
cvell MaTPUKCHBIX MeTaJJIONPOTenHa3, Mpexe
Bcero MMII-2 1 MMII-9, ocyniecTBISsTIOIINX €~
rpajauuio BHEKJIETOYHOro mMarpukca [143—145].
BoBieueHue cucTteMbl MaTPUKCHBIX MeTajljio-
NpoOTerHa3 B MPOLECC 3aXKMBJICHUS paHbl TMOCIe
0aJIZIOHHOTO MOBPEXACHUSI NOKa3biBae€T M TOT
¢axT, YTO yBeIMYEHHUE 3KCIPECCUU MHTUOUTOpaA
MMII — TIMP-1 nopaBnsieT pa3BUTHE HEOUH-
TUMBI [146], B TO BpeMsI KakK y MBIIIei ¢ aedu-
mutoM TIMP-1 oOpa3oBaHme HEOMHTHUMBEI ITOCIIE
BJIEKTPUYECKOTO TOBPEXACHUST OeIpeHHON apTe-
puu ObLI0 Oojiee BbipaxkeHHbIM. Mcrosb3oBaHue
pa3audyHbIX MHTUoUTOpoB MMII nmpuBoanao K
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3aMeaJIeHNI0 00pa30BaHUSI HEOMHTHMBI U TIO-
JABJICHUIO MUI'PALMU TJIaIKOMBIIIEYHBIX KJETOK
[147]. N3BecTHO Takke, 4TO MexXay (PUOPUHOIU-
TUYECKOM CUCTEMOI (CUCTEMOM aKTHUBATOPHI ILJIa3-
MWHOT€HA—TIJIa3MUH) U CHUCTEMON MAaTPUKCHBIX
MEeTaJJIONPOTENHA3 CYIIeCTBYET TeCHOE (DYHKIIMO-
HajbHOe B3amMoneiicTBue [139, 144]. Panee ObL10
MOKa3aHo, YTO YPOKMHA3a MOXET HE3aBUCHUMO OT
njaa3MuHa Oiaromapsi COOCTBEHHOU IIPOTEOIUTH-
YeCcKOM aKTMBHOCTU akTuBHpoBaTh MMII [148].
MbI noka3aiu BIMSHUE YPOKMHA3bl HA DKCIIpec-
cuio MPHK MMII-9 B kjeTKax MOHOLIMTAPHBIX
nmuHuit [70—72]. Kpome Toro, B HallleM MUCCIEIO-
BaHUU in Vivo Mbl OOHAPYKMJIY, UTO aKTUBATOPHI
IUTAa3MUHOTEHAa T0-pa3HOMY BJIMSIOT Ha 9KCIpec-
cuto 1 aktuBauuio MMII-2 u MMII-9 B Ganio-
HUPOBAaHHOM COHHOW apTepuy Kpuichl [149]. Tak,
BO3pacTaHUE B MOBPEKICHHOM COCYIE YPOKMHA3bI
CTUMYJIUPYET yBeandeHue akcnpeccun MMII-2 u
o0pa3oBaHMe aKTUBHBIX opm MMII-2 1 MMII-9
B paHHHE CPOKM IIocjie OaJIIOHMpPOBaHUS. YBe-
JMYEHUE B COCyIe TKaHEBOro aKTHMBaropa Ija3-
MUHOT€HA, HAallpOTUB, YMEHBIIAET 3KCIIPECCUIO
MMII-2 u He BIusgeT Ha 0Opa3oBaHUE AKTUBHBIX
¢GOpM 3TUX 3H3UMOB. DTOT (aKT IO3BOJUI HAM
MPEAIONIOXKUTD, YTO YPOKMHA3a M TKAHEBOW aKTU-
BaTOp ILJIA3MMHOT€HAa MOTYT IO-pa3HOMY BJIUSATh
Ha 9KCIIPEeCCUI0 TeHOB, KOAUPYIOIIUX MPOTEUHBI,
YYacTBYIOLIME B PEMOJETUPOBAHUYN apTEPUI.

s BBISICHEHMSI MEXaHU3MOB Pa3JMYHOIO
BJIMSIHUSI aKTUBAaTOPOB TJIa3MUHOTEHA HA PEMOIE-
JIMpOBaHWE COCYAOB, MBI TIPOBEJM MCCIEIOBaAaHUE
BKCIIPECCUU T€HOB B 0aJUIOHUPOBAHHOM COCYIE
IPpY HaHECEHMWU Ha HEero ypoKMHa3bl M TKAHEBO-
ro aKTUBaTopa mja3MuHoreHa. Mbl OOHApYKMJIH,
YTO YpOKMHA3a OKa3blBaja BIWSHHUE Ha SKCIIPeC-
CUI0O OOIIMPHON TPYIIIBl MPOBOCHATUTEIbHBIX
TE€HOB U T€HOB, PEryJIHPYIOLUINX METabOJIU3M MU-
TOXOHJIPUM M OKCUIATUBHBIN cTpecc [150]. W3-
MEHEHHUE 3KCIPEeCCHUU T'e€HOB, YYacTBYIOLIMX B
peryasiuu BOCIAaJeHUs, MoA ACHCTBUEM YPOKU-
Ha3bl, 1 OTCYTCTBUE MOJOOHBIX U3MEHEHUM TOM
JIeHCTBMEM TKaHEBOIO aKTMBAaTopa Mjaa3MUHOIeHa
CBUJICTEIBCTBYET O TOM, UTO BOCIAJIUTEIbHBIN Ka-
cKall, BEpOsITHO, BOBJICYUEH B CTUMYJISLIMIO POCTA
HEOMHTHUMBbI, KOHCTPUKTUBHOE PEMOIEINPOBAHME
U, KaK CJIEeICTBUE, YMEHBIIEHUE TIPOCBETA apTePUU
oA ACMCTBUEM YPOKHUHA3BI.

HenaBHue uccienoBaHus MOKa3aau, YTO OK-
CUJIATUBHBIA CTPECC, BOZHUKAIOIIUNA B OTBET HA
MOBPEXACHUE COCYAMCTOM CTEHKHU, UTPAET Bax-
HYIO POJIb B IMAaTOT€HE3e CEepIeYyHO-COCYIUCTHIX
3a00JIeBaHU I, TIOCKOJBKY CIIOCOOCTBYeT HeOJ1aro-
MIPUSATHOMY peMOIeIMpOBaHUIO cocynoB [151]. M-
BECTHO, UTO 00pa30oBaHMe CyINEePOKCUI-paguKaia
SIBJISIETCSI OMHUM U3 KJIIOYEBBIX TPOLIECCOB, PEry-
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JIMPYIOLIMX COCYIUCTBIM TOHYC U Mpoardepaluio
I'MK B ctenke cocyna [152]. IToBbllieHHasT 3KC-
npeccust NADP-okcugaz B 0aaJIOHUPOBAaHHOM
apTepuu IIpeacTaBiseT co00il BaxKHbIA MeXaHU3M
CUTHAJIM3ALUU, PETYIUPYIOLIEH POCT HEOMHTUMbI
U peMoJeINpPOBaHNe apTepuu U aTteporeHes [153].
ME1 0OHapyXUWJIMU, YTO CTUMYJISLIAS 00pa30oBaHUSI
ADK u perynsums 3KCIpeccuy TeHOB, OKa3bIBalo-
1IMX BJIMSIHUE HAa OKCUAATUBHBIN CTpecc, B MO-
BPEXIECHHOW apTepUU IOCJIE SKCIIEPUMEHTAIbHOU
0aJIJIOHHOM aHTUOIJIACTUKM in Vivo, OIOCPENYIOT
YCUJIEHHOE NIeJIEHUE KJIETOK MOJ JEWCTBUEM ypO-
KuHa3el [115, 154]. DTOT HOBBHII PeIOKC3aBUCU-
MBI MEXaHU3M JNEUCTBUI YPOKMHA3bl MOXET
0Ka3aThCsl KJIIOUYEBbIM B PETYJISLIMU POCTAa HEOUH-
TUMBl U Pa3BUTHUU HEOJAronpusiTHOIO peMoje-
JIMpOBaHUS COCYIMCTOW CTEHKM. Mbl mokKaszau,
YTO YPOKKMHAa3a CIOCOOHA MOBBIIIATH 3KCIPECCUIO
NAD(P)H oxcupaz ¥ NpOOYKIKWIO aKTHUBHBIX
dopm kucnopona (APK) u perynupoBaTh IpOIU-
depauumio 'MK kak ayTOKprHHBIN (pakTOp pocTa.
HenaBHo HaMu ObLIM TIOJy4YeHBbI HOBbIE JAHHBIE,
paclupsIoniie MpeACcTaBIeHUS O CUTHaJbHBIX
MNyTSAX, PETYJIMPYEMbIX YPOKWHA30M, U yKa3blBalo-
1IM€ Ha YHUKAJIbHYIO U MHOTO(MYHKIIMOHAJIbHYIO
NpUpoay ypoKMHa3bl. Mbl moKa3aJiu, YTO YPOKU-
Ha3a CIocoOHa TPAHCJIOLMPOBATLCS B PO U, Ta-
KUM 00pa3oM, peryJmpoBaTh 3KCIPECCUIO T€HOB
[32].

Ha puc. 11 cyMMupoBaHbl MeXaHU3MbI BJIUSI-
HUS YPOKWHA3BI HA PEMOJEIMPOBAHUE apTEPUIA.

AHruoreHe3 M ypoKuHasa

AHruoreHe3 mpeacTaBiisieT co0oii oOpa3oBa-
HHE HOBBIX KaNUJUJISIPOB OT MOCTKANMJIISIPHBIX
BEHYJI, KOTOPOE OCYIIIECTBJISIETCSI Yepe3 aKTHBa-
LIMIO SHIOTEINABHBIX KJIETOK, SKCIIPECCUIO B HUX
MpoTeas, Aerpagaluio BHEKJIETOYHOIO MaTpHUKca,
npojudepaluuio 1 MUTPALMIO 3TUX KJIETOK, 00-
pa3oBaHUE UMM MEPBUYHBIX BHICOKOITPOHUIIAEMBIX
COCYIMCTBIX CTPYKTYp, MOCAEAYIOIIYIO0 CTAOMIM-
3allUI0 M «B3POCIEHUE» 3TUX CTPYKTYp 3a CUET
npuBjeyeHus nepunutoB u 'MK, a takxke op-
TaHU3alMU UX B CJIOXHYIO TPEXMEPHYIO COCYIU-
cTy1o ceTh [155]. OCHOBHBIM CTUMYJIOM K aHI'HO-
reHe3y npu pU3UOJIOrMYECKUX M MaTOJOTUIeCKUX
COCTOSIHMSIX SBJSETCS HEIOCTaTOK KHUCJIOpoIa
(runmoKcusl WX MUIIeMMs), KOTOPhI dyepe3 aKTh-
BaTOp TPaHCKPUIIIIUU (PAKTOPOB aHTHMOreHe3a —
UHIyuuMpyeMbiii runokcueit ¢gaktop-1 (HIF-1),
WHAYLHAPYET 3KCIIPECCUI0 MHOTUX aHTMOT€HHBIX
(hakTOpOB M, Mpexae BCEro, OCHOBHOIO PEryis-
TOpa aHTMOoreHe3a KaKk B OSMOPHOHAILHOM, TaK U B
MOCTHATaJbHOM TIEPUONIE PAa3BUTUS OpraHM3Ma —
VEGF u ero peuenrtopoB. VEGF uzbuparenbHo
CTUMYJIUPYET Mpoaudepavio 1 MUTPALINIO SHIO0-
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Ponb ypoKMHa3bl B peMoAeIMpoBaHUM apTepui
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Hble memanionpomeuHassbl

TeaualibHbIX KJIeToK (BDK), nx mpeniiecTBEeHHUKOB
U MOHOIIMTOB, 3KCIPECCUPYIOIIMX PELENTOPhl K
HEeMY, YBEJIMYUBAET COCYAUCTYIO MTPOHUIIAEMOCTb,
CIIOCOOCTBYSI MPOIMOTEBAHUIO NTPOTEMHOB TLJIa3Mbl
B OKOJIOCOCYIMCTOE MPOCTPAHCTBO, HEOOXOAMMOE
s Murpauuu SK, nHaAyuMpyeT 9KCIpeccuio SH-
gotenuanbHoit NO-cuHTa3bl U obpaszoBaHue NO,
YTO CIOCOOCTBYET Ba3oaMIaTallMd U CTUMYJIUPY-
€T 9KCIIPECCHIO0 TMpoTeas, pas3pyllarolinX CBI3U
Mexay DK 1 BHEKJIETOUHBIM MaTPUKCOM, UTO He-
00X0mMMMO JJ1s1 HAIpaBJICHHOM MUTI'PALMU KJIETOK.

s uHUIManuuy mpouecca aHruoreHe3a He-
obxonuMa aecrabuiamsalidsg cocyma — ocjadge-
HUE MEXKJETOYHBIX KOHTAKTOB MEXIY SHAOTE-
JUaJbHBIMU KJIETKaAMU, paspyllieHue 6a3aibHOM
MeMOpaHbl, a TakXe JIOKaJbHbII MPOTEOInU3 Ma-
TPUKCHBIX MPOTEUHOB IJISI TOrO, YTOObI SHIOTE-
JIMaJibHbIe KJIETKU WM UX MPEeAIIeCTBEHHUKU U3
LIMPKYJIUPYIOLIEH KPOBU MOIJIM MUIPUPOBATh U
dopmupoBarh HOBBIe cocyabl [156, 157]. TToato-
MY aHTMOTeHe3 HEBO3MOXKeH 0e3 aKTMBAllMW BHE-
KJIETOUHOTO MPOTE0I13a, OCYIIECTBISIONIErocs 3a

38

CYeT KaTaJu3MpyeMOoro ypok1mHa3oi o0pa3oBaHuUsI
TJIa3MMHa Ha TOBEPXHOCTHU KJeTKu. M3BecTHO,
YTO YPOKMHA3a U €€ PEeLernTop MIparoT BaXHYIO
poJib B Ipolieccax aHruoreHesa [155]. Duaore-
JIMaJbHbIe KJIETKU, B KOTOPBIX TMIIEPIKCIPECCU-
poBaHa YpOKMHAa3a, XapakKTepu3yloTcs OOoJbliei
WHBAa3UBHOCTHIO in Vitro, yeM WHTakTHbIe [158]. B
KJIMHUYECKUX UCCIENOBAaHUSIX MOKAa3aHO, YTO KC-
Mpeccusl yPOKMHA3HOTO pelenTopa xapakTepHa
JUTST HanboJiee «arpeCcCUBHBIX» KJIETOK B OIMYXOJIU
W IS COCYIOB, PACTYIIUX IO €€ Kpalo, U MOXET
OBbITh MapKepOM aKTHMBHOI'O OMYXOJEBOr0 aHTMO-
reHesa u MeractasoB [159]. M3BecTHO, UTO MH-
(punbTpanusa TKaHeit MOHOLIMTaMU/MaKpodaramu,
CEKPEeTUPYIOIIMMU aHTMOTeHHbIe (haKTOPhlI CIO-
cobcTByeT aHTHoreHe3y [160], a mupKyaupylomnme
MOHOILIMTHI UTPalOT OMpeAeieHHYI0 pojib B pas-
BUTUM KoJjnaTepaneit [161]. YpokuHasa u ee pe-
LIETITOP CTUMYJIUPYIOT aKKYMYJISILIUI0 MOHOIIUTOB/
MakpodaroB B TKaHSIX M y4YacCTBYIOT B Pa3BUTHUU
BOCITAJIMTEILHOIO OTBETa KaK MPU peMOJeIMpPOBa-
HUW apTepuii, TaKk W TIpA apTepuoreHese [5, 162].
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VYpoknHa3a 1 00pa3oBaBIIMIACS I10] €€ JeCTBUEM
MJ1a3MUH WHUIIUUPYIOT pa3pylleHre MPOTEeUHOB
0a3ajbHONM MeMOpaHbI, TAKUX KaK (pUOPOHEKTUH
u taMuHUH. OHU TaKXe MOTYyT aKTUBUPOBaTh U/
WM BbICBOOOXIAThH JIATEHTHBIE MATPUKCHBIE Me-
TaJIJIONPOTEMHA3bl, a TaKXe aHTHOTeHHbIe (hak-
Topbl pocta, B yactTHoctu VEGF, bFGF, HGF,
TGFB u PDGF, xotopsie B cBOIO ouepenb crocoo-
CTBYIOT MUTpall¥ SHIOTEIUATbHBIX KJIETOK, MX
WHBa3uu U nponudepaunnu [18,73,75,77,81,95,155].
YpokunHa3za onocpeayeT aHIMOreHHbIe 3¢ eKTh
HEKOTOpPHIX (paKTOpPOB pocTa Oiaromapsl Kak IIpo-
TEOJUTUYECKON aKTUBHOCTH, TaK U CBOMM HEIIPO-
TEOJUTUYECKUM CBONCTBaM.

Pesynprarhl HalIMX UCCIeNOBAaHU CBUIE-
TEJILCTBYIOT O TOM, YTO YPOKMHAa3a KakK KJioye-
BOI peTyasTOp BHEKJIETOYHOTO NpPOTEOoaM3a M
peMoJepoBaHusl TKaHel sABIseTCS (PaKTOpOM,
OMOCPEIYIOLIMM CUTHAJIBI K 3aIlyCKy aHTMOTeHe3a
[5, 155]. I1oBhbillIeHUE KCIIPECCUU YPOKMHA3bl B
SHAOTENMATbHBIX KJIETKaX YBEJIMUYMBAET UX MH-
Ba3WBHBIM TOTEHIIMAJ, a AoOaBJIeHUEe aHTUTEN,
OJIOKMPYIOIIMX YPOKMHA3HBIN PELENTOp WU MPO-
TEOJUTUYECKYIO aKTUBHOCTh YPOKMHA3bl, MOXET
MOJABISATh MUIPALIMIO SHIOTEIHANBHBIX KJIETOK
1 obpa3oBaHUEe KAaNMWJUISIPOIIOAOOHBIX CTPYKTYP
[163, 164]. brokaga ypoKMHa3HOro pelLenTopa
(uUPAR/CD87) ¢ nomoltibio cienupuiyecKrux aHTH-
TeJl MOoJaBIsSeT UHIAYLUMpYyeMble (aKTOpOM pocTa
¢puobpobaacro (bFGF) u sngorennanbHbIM (ak-
TopoM pocTa cocynoB (VEGF) murpauuio sHaoTe-
JIMAJIbHBIX KJIETOK M 00pa3oBaHUe KalUJLISIPOIIO-
JOOHBIX TpyOOUeK B (pMOpMHOBOM MaTtpukce [165].
Tak>xe ObLJIO MOKAa3aHO, YTO B KJIETKAX HJAOTENUS
ypoKuHa3a akTuBupyeT MAP-KuHa3Hy1O0 cur-
HaJIM3alMI0 MOCPEACTBOM CBsI3bIBaHUS ¢ UPAR/
CDS87 u aktuBauuu nporenHkuHasbl C 0jaroma-
psI IPOTEOIUTUYECKON aKTUBHOCTU YPOKMHA3HI,
YTO BEIET K MUTPALlMU SHAOTEIMATBHBIX KJETOK
u aHruoreHesy [40]. Y Mbilleil, HOKayTUPOBaH-
HBIX 110 TeHY YPOKMHA3bI, ITOAABJICH apTepUOreHe3
B UIIIEMU3MPOBAHHON KOHEYHOCTU U aHTHUOTCHE3
B cepnie, a VEGF He crmocobGeH CTUMYIHUpPOBATh
aHTUOTeHe3 B MepUMHMAPKTHON 30HE, B TO BPEMS
KaK y JUKHUX MBILIEH OH OKAa3bIBaeT BbhIpaKeHHBIN
aHruoreHHbI a3 dekt [166]. Kpome Toro, VEGF
CTUMYJIMPYET IKCIPECCUI0 YPOKUHA3BI B COCYIM-
CTBIX DHAOTENUANBHBIX KJieTKax [167]. AHruore-
He3 B ceTuaTrke, uHAyuupoBaHHbIi HGF, Takxke
ONoCpenoBaH yBEJIMYEHUEM aKTUBHOCTH YPOKHU-
Ha3bl [168]. Hapyluenue B3anMMOAENCTBHS ypO-
KMHA3bl C ¢ PelenTOpOM MHTUOUPYET YCUJICHHE
MUTPALMOHHOU Y WHBA3WBHOU aKTUBHOCTU 3IH-
JOTeIUAaNbHBIX KJIETOK Tox neitctBueM HGF. Dtu
JaHHbIE TOATBEPKIAIOT, UTO YPOKMHA3a OIocpe-
JyeT aHruoreHHnle 3¢eKThl (PakTopoB pocTa.
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YpoknHa3a MOXET TaKKe CTUMYJIMPOBATh aHI'UO-
reHe3 Ojaromapsl aKTUBAllMM BHYTPUKJICTOYHOMN
CUTHAJIM3alluy B SHOOTEIMAIbHBIX KJieTKax [40].

Mb1 uzydanu 3¢ @GeKTbl BHYTPUMUOKAPIU-
aJIbHOI'O W BHYTPMMBbIIIEYHOI'O BBEIECHUS TJIa3-
MUIHOM KOHCTPYKLMU C KOMIJUMEHTapHOM
JHK (x/IHK) ypokuHa3bl (4enoBeKa, KpPbICHl U
MBIIIIM) Ha MOMEJISIX UIIEMHUH 3aTHEHl KOHEYHOCTH
Yy MBILIK U KpbICHl U MH(papkTa Muokapaa (MM) y
KpHICH [164,169]. BbblTo MOKa3aHO, YTO YPOKMHA3A
CTUMYJIMPYET pa3BUTUE KANMUJJISIPOB U apTEpPUOJI
Y YBEJIWUYMBAET aKKyMYJSILUIO MaKpodaros B Tie-
puMHMapKTHON 30HE, YMEHBbIIIaeT pa3Mep (popMu-
pytoierocs UM, yBenuuBaeT BacKyJsipu3almio,
YCKOPSIET BOCCTaHOBJIeHUE Tepdy3uu U mpeaoT-
BpalllaeT pa3BUTHE HEKPO3a B UILIEMU3UPOBAHHOM
KOHeuHocTH (puc. 12).

B} PeKTUBHOCTD MIA3MUIHON KOHCTPYKLIMU
C T€eHOM ypOKMHa3bl ObLIa OJn3Ka K 3G EeKTUB-
HOCTU IIOAOOHOI KOHCTPYKI MM, CcomepxXKallei
reH VEGF, npu 3TOM ypoKuHa3a He BbI3bIBajia
oTeK KoHeyHocTu. CrenyeT 0oco00 MOAUepKHYTh,
YTO HM B OIHOM W3 CJy4yacB BBEACHUS MIa3MUJ
npu UM u vMiieMru KOHEYHOCTHU He ObIJIO OT-
MeueHO (opMupoBaHUS aHruoMm. IlonydyeHHBIe
pe3yabTaThl CBUAETEILCTBOBAIN O TOM, YTO T'€H-
Hasl Tepamnus MyTeM TPSIMBIX BHYTPUMUOKAPIH-
aJIbHBIX/BHYTPUMBIILIEYHBIX UHBEKIIUI pacTBOpa
nnasmMuabl ¢ KIAHK ypokunassl MoxeT 3 dek-
THUBHO CTUMYJMPOBATh aHTMO- U apTepUOreHe3 U
yAy4IIaTh MepPy3nI0 UIIEeMU3UPOBAHHBIX TKAHEH.
Mgl ipenmnoyiaraeM, 4To IpeXoasilee yBeTUUeHUe
CcoJiep>KaHWsl YPOKMHA3bl B MILIEMU3UPOBAHHbBIX
TKaHSX MOXET MPUBECTU K CTUMYJISIIMU aHTHO-
U apTepuoreHesa o6jaromapsi aKTUBaLMUW JIATEHT-
HBIX ¥ BBICBOOOXIEHHWIO CBSI3AHHBIX B MaTpHUKCe
AHTMOTEHHBIX (PAaKTOPOB POCTA; K aKTHBALlUU
MMII, ctumyasuuu Murpaluud v mnposaudepa-
muu DK u 'MK cocynoB; NOTEeHIIMPOBAHUIO ICii-
CTBUSI aHTMOTEHHBIX (AKTOPOB; TMPUBJICUCHUIO
MOHOIIMTOB B YYacCTOK MIIEMUU U MOCJIEAYIOLIeH
CeKpelMM MUMU aHTUOTEHHBIX (haKTOPOB U IU-
TOKHMHOB; IMPEeIOTBpalleHNI0 TpoMO03a COCYIOB,
KOTOPBIM CIYXKUT JOMOJHUTEIBHBIM (haKTOPOM,
yCYTYOJSIOIIMM UIIEMUI0 TKaHeW Mpu Hapylle-
HUSX MarucTpajbHOro KpoBoToka. Mcnonb3oBa-
HHUe KOMOMHMpoBaHHOM reHHoi Tepanuu VEGF
C YPOKMHA30i TMO3BOJISIET B 2 pa3a CHU3UTDH 103y
nnasmMuabel VEGF 6e3 notepu addekTuBHOCTH U
YMEHbLINTH MobouHoe aerictBue Tepanuu VEGF,
nposBisolleecss B pa3BUTUU oTekoB. Ha ocHo-
B€ MJa3MUJIHBIX FT€HETUUYECKUX KOHCTPYKLUN C
kJIHK ypokunasel 1 VEGF-165 co3ngaHbl nekap-
CTBEHHBIE TpernapaThl IJsl TeHHON Tepanuu, KOTo-
pble MPOILIN TOKCHMKOJOTMYECKHUE MCCIEIOBAHMS
U TUTAHUPYIOTCS TSI KAMHUIECKUX UCTIBITAHUM Y
OOJIbHBIX C UILIEMUEN HUXHUX KOHEYHOCTEN.
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Hotl 30ne Ha 14-1i denv nocae UM u eeedenus naazmuod (*P < 0,05). 6 — Paszmep gpopmupyrowecocs nocmun-
thapkmuoeo pybya Ha 14-e cym. nocae nepesasxu [THA u unsexyuu naazmud. launvie npedcmaenenst 8 guode
omuoweHus niowadu pyoua k naowadu J12K na nonepeunvix cpesax cepdua. Beepxy — okpacka cpesos cepoya
no Mannopu: 6oeamas koanrazenom obaacms pyoya OKpawueaemcs 6 CUHUU ygem, a JHCU3HeCHOCOOHbI MUO-
Kxapo JI2K — 6 kpachulil. 8 — eoccmanosaenue nepghyzuu nodoueeHHoll 0064acmu UemMu3uposanHoll 1e6oll Ko-
HeuHoCcmu mMbluiy (1asepHoe 0ONNAepoECKoe CKaHuposanue, npumep érnusy) nocie egedenus niasmud. 3a 100%
NPUHAM KPOBOMOK 8 HeUleMUu3upo8aHHoll npasoll KOHEYHOCMU, & — OUeHKA pa3eumus OmeKa no usmeHeHuro

COOMHOUIEHUS MACChbl MbliYbl K Macce meaa moiuu. *P < 0,05; **P < 0,01

C npyroii CTOPOHBI, «CBSI3BIBAIOIIWIT TIETI-
TU», 0Opa3ylolIMiica B pe3yJibTaTe MpOTEOJu-
TUYECKOTO pa3pylleHWs YPOKHMHA3Bl TMJIa3MU-
HOM WJIM MeTaJUIONpPOTEeMHAa3aMU B TOJOXEHUSX
Lys135—Lys136 nan Glul43—Leul44, 6aokupyer
B3aMMOJIEICTBME YPOKWHA3bl C €€ pelenTopoM
¥ BBI3BIBACT IMOMABJICHUE MUTPALIUN DHIOTEIH-
aJIbHBIX KJIETOK W aHTUOTreHe3a in Vivo, CTUMY-
JIMPOBAHHBIX aHTUOTEHHBIMU (paKTOpaMu pOCTa,
B TOM 4ucje B omyxoisx [64]. B To xe Bpems,
ObLJ1I0 OOHAPYXKEHO, UYTO «CBS3bIBAIOLIUIA TIEMTUI»

40

CMoco0eH 3amyckaTb BHYTPUKJIETOUHYIO CUTHa-
JIN3ALMIO U CTUMYJMPOBAaTh MUTPALINAIO, CBSI3bIBa-
SCh C aVBS MHTErpUHOM, KPOME TOTO, MPU 3TOM
B3aUMOAEUCTBUU YCUJIUBAETCS MUTpallvs, BbI-
3bIBaeMasi POCTOBBIM JOMEHOM YPOKWHAa3bl Mpu
CBSI3bIBAHWM C PELIENTOPOM YpoKuHa3bl [170].
Kak Obl10 0O0HapyXeHO B IOCJIEIHEM MCCIen0-
BaHWU, pa3Hble YYaCTKU MOJIEKYJbl YPOKUHA3bI,
BXOASIIME B COCTAB «CBS3bIBAIOIIETO MENTHUAA»
MO-pa3HOMY BJUSIOT Ha KJIETOUHYIO MUTpalMIo.
Tak, yuactku 135—143 u 135—158 uHruobupyior,
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TOrJga Kak yvyacTok 144—158 ctumMynupyeT KjieTou-
HYI0 MUTPAIMIO, YTO MOXET MPEACTABIATh COOOM
YHUKAJbHBIM MEXaHU3M PETYJSLUM MUTpALlUU B
3aBUCUMOCTHU OT YCJIOBUM, B KOTOPBIX ITPOUCXOAUT
Pa3HBIA IIPOTCOIUTUYECCKHUI ITIPOLIECCUHT MOJIEKY-
JIBl ypoKuHa3sl [171].

KpuHrn u aMuHOTepMUHANIbHBIA (hparMeH-
Thl YPOKMHAa3bl, HE COAEPXKAIIE «CBI3bIBAIOIIETO
MenTuaa», MOTYT MOJABJISITh MUTPALIAIO DHIOTE-
JIMAJIbHBIX KJETOK U (pOpMUPOBAaHUE KaIWJIJI-
porono6HBIX cTpyKTyp [165,172]. HegaBHO Hamu
MOJIYYEHBI JaHHbIE O HETAaTUBHOM BJIMSHWUU IMPO-
TEOJUTUYECKU HEAKTUBHBIX PEKOMOWHAHTHBIX
¢dopm ypoxkuHassl (UPA HQ u aMuHOTEpMUHATIb-
HOro (pparmeHTa) Ha CHOHTAaHHYIO MUTpPalUIO
SHAO0TENMATbHBIX KJIETOK. MbI 1TOKa3aau Crocod-
HOCTh aMMHOTEPMUHAJILHOTO (hparMeHTa IMoaaB-
JIITb CTUMYJUPOBAHHBIA OCHOBHBIM (DaKTOPOM
pocTta ¢pubpo0baacToB aHIUoreHes3 in vitro. Ilomny-
YeHHbIE Pe3YyJIbTaThl YKa3blBalOT HA BO3MOXHOCTb
WUCTOJIb30BAHUSI CUHTE3UPOBAHHBIX HAMU MPOTEO-
JIMTUYECKN HEAKTUBHBIX PEKOMOMHAHTHBIX KOH-
CTPYKIIMI YPOKMHA3bI IS PErYASIUU MUTPpALlU
SHJOTEJMAIbHBIX KJIETOK U MOJABJICHUS HEOaH-
rUoreHesa.

TakuM 00pa3oM, MHOTOYHCJIEHHBIE HC-
clieOBaHUSl MOKa3aju, YTO YpOKMHa3a, SIBJSI-
SChb MYJIbTUJIOMEHHBIM MHOTO(YHKIIMOHAJIbHBIM
MPOTEUHOM, PETYJIUPYET KJIETOUHYIO alAre3uio,
MUTpallMi0 U mOpoaudepaluio O6aaromapss CBOEK
creuurYecKoOr NpOTEOIUTUYECKON aKTUBHOCTH,
00pa30BaHMIO MJa3MUHA, PAaCLIETJIEHUIO BHEKJIE-
TOYHOrO MaTpUKCa, CBA3bIBAHUIO C PELIEITOPaAMMU,
B3aMMOIEHCTBUSM €€ JTOMEHOB JIPYr C IPYIroM, C
NpOTEVMHAMU MaTPUKCa U UHTErPUHAMU, a TAKXKe
AKTUBALUU CIIOXHOU BHYTPUKJIETOUHOW CUTHAJIUA-
3aiuu. MHorue 3¢ eKThl YPOKMHA3bl MOT'YT ObITh
00YCJIOBJIEHBI €€ SIAepHOI TpaHCJIOKallveil, B3au-
MOJENCTBUEM C (paKTOpaMUu TPAHCKPUIILIUU, U €€
BJIMSTHUEM Ha 3KCIIpeccuio reHoB. Bce aTu cBoii-
CTBa YPOKMHAa3bl ONPEIESIOT €€ KJII0UeBOe 3HaUe-
HUE B Mpolieccax pocTa U PEMOACIMPOBAHUS CO-
CyIIOB. YUUTBHIBAS POJib yPOKMHA3bI B COCYTUCTOM
peMoAeIupoOBaHUU, TIpenapaThl, HalpaBJIeHHbIE
Ha WHIMOMpPOBAHKWE YPOKMHA3bI, TIPU JIOKAJIHbHOM
WUCIIOJIb30BaHWM MOTYT IMPEnoTBpallaTh PeCTeHO-
3UpOBaHUE TOCJE OAJJTOHHOW AHTUOIJIACTUKMU.
M3BecTHO, YTO aTepOCKIEPOTUYECKUE OJISIIKU
UMEIOT CUCTEMY KPOBOCHAOXEHUS, a 3KCIEpU-
MEHTAJIbHOE TOAAaBJIEHNE KPOBOCHAOXEHUS aTe-
POCKJIEPOTUYECKUX OJISIIIEK MOXET NMPUBOAUTH K
YMEHbIIEHUIO UX pa3MepoB B 3—4 pasa. Takum
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00pa3oM, IMoJaBJIeHUE aHTUOreHe3a, MHAYLIMpYe-
MOTO YPOKMHAa30i, MOXHO paccMaTpuBaTh Kak
BO3MOXHBIN CIOCOO JIeUEHUSI aTepocCKjepo3a U
3JI0KauYeCTBEHHBIX HOBOOOpa3oBaHUli. B To ke
BpeMs JIOKaJibHasl TeHHas Tepanusl ¢ UCIIOJIb30Ba-
HUEM KOHCTPYKLMI YPOKMHa3bl, B TOM UYUCJE €€
MYTaHTHBIX (POPM, UpE3BbIUYAHO TMEepPCIEeKTHBHA
JUTSL CTUMYJISILIMM aHTHMOTeHE3a TIPU UILIEMAYEeCKUX
3a00JIeBAaHUSX, YUUTHIBASI OTCYTCTBUE MOOOUYHBIX
3 dexToB, KOTOPEIMU 00J1aaal0T (aKTOPhl poCTa
MPU UX TEPATIEBTUUYECKOM MCIOJIb30BaHUU. MyJib-
TUJIOMEHHAs CTPYKTypa YPOKMHa3bl U €€ KJIIO-
yeBas peryjsTOpHas poJjib B COCYAMCTON CTEHKE
MPENOCTABISIOT YHUKAJIbHbIE BO3MOXHOCTU Kak
JUTSL UCCTIEMOBaHUSI MEXaHU3MOB (DYHKIIMOHUPOBa-
HUSI COCYIMCTOW CTEHKM, TaK W JJisd pa3paboTKu
HOBEMIIMX T€PANeBTUYECKUX MTOAXOI0B JJI8 MpaK-
TMYECKOTO MCIOJIb30BAaHUS YPOKUHA3HI U €€ (par-
MEHTOB B MEIWIIMHCKON IMPAaKTUKE MJis JIEYEHU S
pa3JUYHBIX MMATOJOTUMA.

POJIb MYJBTUJIOMEHHOI
CTPYKTYPU YPOKIHA3U

B PEC'YJIALIL POCTY

TA PEMOJEJ/JIIOBAHHA CYANH

B. A. Tkauyk'?, O. C. Iliexanosa’,
1. b. Benoenaszosa!, €. B. Ilapghenosa’

'®I'BY Pociiicbkuii KapaioloriyHuii HAyKOBO-
BUpoOHMuUil Kommiekc MO3 P®, Mocksa, Pocis;
2@akynbTeT GyHIAMEHTAJIbHOI MeAuLIUHU MY
iM. M. B. JlomoHocoBa, MockBa, Pocis;
e-mail: plekhanova@mail.ru

AKTHUBATOp IJa3MiHOTeHY YpPOKiHa3HOIo
Tuny, ab6o ypokiHaza (uPA) — oOararo-
(byHK1iOHANBHUT TIPOTEIH, IO I'Pa€E OCOOJUBY
pPEeryJISITOPHY POJib Y CYAWHHIN CTiHLI i BUSIBIISIE
3MaTHIiCTb 3aIyCKaTH MPOTEOJiTUYHI Ta CUTHAJIbHI
Kackajau. Y cTaTTi IiACYyMOBaHO ofepxXKaHi aBTopa-
MU pe3yJIbTaTH i JaHi JiTepaTypu, 110 CTOCYIOTh-
csl poJli ypoKiHa3u B peMOEIIOBaHHI KPOBOHOC-
HUX CyAWH i aHrioreHesi. HacborogHi ypokiHa3sy
MOXHa pO3TJIsiaTUu SIK MEePCIeKTUBHY MillleHb
Il BILJIMBIB, CIIPSIMOBAHUX Ha Mpo@ilaKTUKY
pecTeHOo3iB, 3amo0iraHHsl HEraTMBHOIO PeMOje-
JIIOBaHHS apTepiii, CTUMYJSILIiO POCTY CYAUH Yy
pasi illleMiuyHMX 3aXBOPIOBaHb i MPUTHIYEHHS
aHTioreHe3y 3a OHKOJIOTIYHUX 3aXBOPIOBAHb.

KnwouyoBi caoBa: ypokiHaza, Mirpaiis,
npojidepanisi, peMoOcJAIOBAHHS apTepii,
aHTioreHes.
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ROLE OF MULTIDOMAIN STRUCTURE
OF UROKINASE IN REGULATION

OF GROWTH AND REMODELING

OF VESSELS

V. A. Tkachuk'?, O. S. Plekhanova’,
1. B. Beloglazova', E. V. Parfenova’

'Russian Cardiologic Research-Production Complex,
RF Ministry of Public Health, Moscow, Russia;
’Faculty of Fundamental Medicine,

M.V. Lomonosov Moscow
State University, Russia;
e-mail: plekhanova@mail.ru

Urokinase type plasminogen activator, or
urokinase (uPA), is a multifunctional protein
which plays special regulatory role in the vascu-
lar wall and can actuate the proteolytic and signal
cascades. The authors’ results and literature data
concerning the role of urokinase in remodeling
blood vessels and angiogenesis are summarized in
the paper. At the present stage urokinase may be
considered as a promising target for the effects di-
rected to prophylaxis of restenoses, to preventing of
negative remodeling of arteries, stimulation of ves-
sels growth under the ischemic diseases and sup-
pression of angiogenesis under oncologic diseases.

Key words: urokinase, migration, prolife-
ration, remodeling of arteries, angiogenesis.
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