TPOMBOLUTBI U UX MHUKPOBE3HUKY/JIbl: ®EHOTHUII, COCTAB,
BJIUAHUE HA DOHAOTEJINHU

Crenanosa O. 1. 1,
[lepesskuna M. A. 1,

Mapxkosa K. JI. 1,
CempkoB C. A. 1,
Coxomnos JI. 1. 12

! ®T'BHY «HayuHo-uccre0BaTeabCKUil UHCTUTYT aKyIepCTBa, TUHEKOIOTUH M
penpoaykronoruu um. [1.0. Otray, Cankr-Ilerepoypr, PO.

2 @epepanbHOE OIOKETHOE yupeskaeHue Hayku «CaHkT-IleTepOyprckuii HayuHO-
UCCJIEI0BATENbCKUIT MHCTUTYT 3MUAEMHOJIOTMA U MUKpoounosnorun um. Ilacrepa»
denepaibHOM CITy»KObI IO HaAA30py B cdepe 3amuThl NpaB MOTpeOUTENe u
onarononyuus yenoseka, Cankr-IlerepOypr, PO.



PLATELETS AND PLATELET-DERIVED MICROVESICLES:
PHENOTYPE, CONTENT, IMPACT ON ENDOTHELIAL CELLS

Stepanova O. I. 8,
Pereviazkina M. A. &
Markova K. L. g,
Selkov S. A3,
Sokolov D. I. P

aD. Ott Research Institute of Obstetrics, Gynecology and Reproductology.
b Saint-Petersburg Pasteur Institute.



Pesrome

TpomOoUTH — 3T0 HEOOIBIIINE MOCTKIETOUYHBIE AIIEMEHTHI METaKapHOILIUTOB,
HUPKYJIHpYyIOIMe B KpoBH. Ha HMX MNOBEPXHOCTHM MNPEACTABIEHBI MOJEKYJIbI
MEXKIIETOUHOU azire3uu, 10ll-momoOHBIe penenTopsl, perentopsl XeMOKHHOB H
LIUTOKMHOB M Jpyrue. TpomMOOLHMTHI COAEp’KAaT COEIMHEHUS C Pa3HOOOpazHOU
Ononornyeckod (QyHKUHUEW, B TOM YHUCJIE XEMOKHHBI, IIUTOKHMHBI U POCTOBBIE
¢dakropbl. biaaromgaps 0COOEHHOCTAM LMTOJIOTMUYECKOTO CTPOEHUS — MEMOpaHHON
CUCTEME U CEKPETOPHBIM TIpaHyJdaM — TPOMOOLMTHI CIOCOOHBI OBICTPO
aKTUBUPOBATBCA M BCTYNAaTh BO B3aUMOJEWUCTBUE C JIPYTUMH KIIETKAMHU.
TpoMOOLMTEl Y4YaCTBYIOT B TE€MOCTa3€, MMMYHHBIX PEAKIUSAX, AHTHOTEHE3E.
AxtuBanys, HeoOxoaumasi TPOMOOIMTaM JUIsl BBIIOJHEHUS CBOUX (YHKIMH,
OTMOCPENYETCS Yepe3 HMOHBbI KaIbLIUg M MOKET MHHULMUPOBATHCS KOMIIOHEHTaMH
cyOsHIOTENNsA, OEIKaMU CUCTEMBbl KOMIUIEMEHTA, MPOIyKTaMU CEKPELUU IPYTHX
TpomOonuToB. Ilpn akTMBaMuM TPOMOOIMUTHI BBICBOOOKIAIOT CEKPETOPHBIC
rpaHyJibl, U3MEHSIOT MopdoJioruto. [lomumMo 3Toro, TpPOMOOLUTHI, TOJJOOHO APYTUM
KJIETKaM OpraHu3ma, B HOpM€ U MPU NaTOJOTUU MPOAYLHPYIOT MUKPOBE3UKYJIbI —
CPABHUTEJIBHO HOBBI OOBEKT, WHTEHCHUBHOE W3YyYE€HHE KOTOPOrO BEIETCS B
HACTOSIIIIEE BPEMS.

Llenpto  HacTosmero 0030pa  SIBWJIOCh  CPAaBHUTEIBHOE  OINHCAHHE
TPOMOOLIUTOB U UX MUKPOBE3HUKYJI, KOTOPHIM TPOMOOLIUTHI ACIETUPYIOT HEKOTOPHIE
CBOM (PYHKIIMM KaK MOCpPEAHMKAM KOMMYHUKALIMU C JAPYTMMU KIETKaMH, B TOM
YuClie SHA0TETNOUUTaMU. MUKPOBE3UKYJIbI SIBJISIOTCS MEPCIEKTUBHBIM 0OBEKTOM
UCCJIEIOBAHMS, W3Yy4aeTCs BO3MOXXHOCTb MX MCIIOJIb30BaHUS B KadyeCTBE
JUarHOCTMYECKOr0 M TepameBTHYecKoro  areHtra. HauOonblias — gactb
MUKPOBE3UKYJ, [UPKYJIUPYIOIIMX B  NEPUPEPUUYECKON  KpPOBH, HMEIOT
TpOMOOLIMTAPHOE MPOUCXOXKIAEHUE. B cocraBe MHUKpPOBE3UKYJN TpPOMOOILIMTOB
IPUCYTCTBYIOT LUTOKUHBI M Jpyrue OENKH, JUMUABl U HYKJIEUHOBBIE KHCIOTHI
(AHK, mPHK, mukpoPHK). Ha mnoBepXHOCTM MUKpPOBE3HUKYJ TPOMOOIIMTOB
COXPaHSI0TCA MOBEPXHOCTHBIE MAapKepPhl POJUTEIBCKUX KIIETOK; HA UX MeMOpaHe
npeacTaBiieH  (dochaTuauiIcepuH, KOTOPBIM  JIOMOJHUTEIBLHO Yy4YacTBYeT B
TpoMOOOOpa30BAHUM 3a CUET aKKyMyJIUpoBaHHs (HakTopoB Koaryssuuu. llon
BJIUSHUEM CHUTHAJIOB MHUKPOOKPYKEHHSI COCTaB, (EHOTUN TPOMOOLUTAPHBIX
MHUKPOBE3UKYJ, a Takke HX (yHKUMOHAJbHAs HAINPaBICHHOCTb B OTHOIIECHUU
OHOTENIUS MOXET BapbUpPOBaThb B 3aBUCHUMOCTH OT CTUMYyJA. OQPQexT,
OKa3blBa€Mbli MMM HAa AHTMOTE€HE3 W PETCHEpPAlUI0 HEJOCTATOYHO H3YYEH,
DKCIIEPUMEHTAJIbHBIE JAaHHBIE JIEMOHCTPUPYIOT KakK IIOJIOKUTEIBHOE, TaK |
OoTpuLaTeNbHOE BIMsAHME. [Ipy pasnMUHBIX MATOJIOTUSAX, CONPOBOXKAAKOLIUXCS
AHAOTEIUATBHON IUCHYHKIHEH (cepaeuHO-COCYIUCThIE NaTOJIOTHUH,
npesKiIamMIcus, Auader), HaOII0JaeTCsl MOBBIIMICHHE YPOBHS TPOMOOLMTAPHBIX
MUKpPOBE3MKYJ, YTO YKa3blBa€T Ha HX BO3MOXHOE YYacTUE B IaTOreHe3e
3a0oneBanuil. Tem He MeHee, BIMAHHE TPOMOOLIMTOB M MX MHMKPOBE3UKYJ Ha
HHAOTENUHN, B TOM YHCIIE aKTUBALUU B SHAOTEIUU PA3JIMYHBIX CUTHAJIBHBIX ITyTEH,
OCTAETCA MPEAMETOM NATBHENIIIUX UCCIICIOBAHUM.



KiaroueBble cJI0Ba: TPOMOOLIUTHI, BHEKJICTOYHBIE BE3UKYJIBI,
MHUKPOBE3HKYJIbI, SHAOTENNMN, AHTHOTEHE3, CUTHAJIBHBIE Ty TH.



Abstract

Platelets are circulating anucleated structures derived from megakaryocytes.
Intercellular adhesion molecules, Toll-like receptors, chemokine and cytokine
receptors are represented on their surface. Platelets contain biologically active
molecules, including chemokines, cytokines, and growth factors. Due to its
cytological features (membrane system and secretory granules), platelets are capable
of fast activating and interacting with other cells. Platelets are involved in
hemostasis, immune reactions, and angiogenesis. Platelets can be activated by
components of subendothelium, complement system proteins, products of secretion
of other platelets. Activation process is mediated through calcium. When activated,
platelets change their morphology, release secretory granules and produce
microvesicles — a relatively new target of biological research.

The aim of this review is a comparative description of platelets and their
microvesicles. Platelet-derived microvesicles perform platelets functions and
communicate with other cells, including endothelial cells. Microvesicles is a
promising object of research, and the possibility of their use as a diagnostic and
therapeutic agent is being actively studied. Majority of circulating microvesicles has
platelet origin. Platelet-derived microvesicles contain cytokines and other proteins,
lipids and nucleic acids (DNA, mRNA, microRNA). Microvesicles has the surface
markers of the parent cells; phosphatidylserine is represented on their membrane,
which additionally participates in clotting due to accumulation of coagulation
factors. Under the influence of microenvironment signals, the composition,
phenotype of platelet microvesicles, as well as their functional abilities towards the
endothelium may vary depending on the stimulus. The effect they have on
angiogenesis and regeneration has not been sufficiently elucidated, experimental
data demonstrate controversial effects. In pathologies accompanied by endothelial
dysfunction an increase in the level of platelet microvesicles is observed, which
indicates their possible participation in the pathogenesis. The effect of platelets and
their MV on the endothelium, including activation of various signaling pathways in
the endothelium, remains the subject of further research.

Keywords: platelets, extracellular vesicles, microvesicles, endothelium,
angiogenesis, signalling pathways
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1 BBenenue
B ocHoBe 0a30BOl (PYHKITMOHAIBPHONW aKTUBHOCTH SHAOTEIHAIBHBIX KIETOK (DK)
JeaT WX B3aMMOJEUCTBUSA JPYTr C JPYrOM Ha ayTOKPUHHOM M MapakKpuHHOM
ypoBHSAX [5] U ¢ 3KCTpane/UTIONIIPHBIM MaTpUKCOM [225]. AHTHOTEHEe3 B IIEJIOM H
dbyHKIIMOHaMbHAs aKTUBHOCTh DK KOHTpOIMpyeTcss KIETKaMU MHUKPOOKPYKEHUS
gepe3 NpoAyKIuio IUTOKMHOB [109] wm\mim mpomykiuio wid MOAM(PUKAIINIO
KOMIIOHEHTOB BHEKJIETOUHOTO MaTpukca. Hambosee akTHBHBIMHU MPOIYyLIEHTaMHU
IIUTOKWHOB B MUKPOOKpYykeHnu DK, a Taxxke HambOoyiee BaXHBIMU PETYJISATOpAMHU
AKTUBHOCTH JPYTUX KJIETOK MHUKPOOKPYKCHHUS SIBJIIOTCS MOHOLMTBI\Makpodaru,
€CTECTBCHHbIC KWJIJIEPHl M TPOMOONHMTHI. BiMsHUE 3THX KIETOK, B OCOOCHHOCTH
TpoMOonuToB, Ha (yHknMH DK W TpoIecChl aHTHOTEHE3a B HACTOSIIEE BpEMs
U3YYEHBI IOBOJIBHO MOAPOOHO0. OMHUM U3 C1a00 N3YUCHHBIX (DAKTOPOB, BIIHSFOIIIMX
Ha DK W Hecymux MHOXXECTBO CHUTHAJIOB, SIBISIOTCS MUKpoBe3ukynbl (MB)
paznmuuHoro npoucxoxiaeHus. s DK Haubosiee akTyaldbHBIMU  SIBJISIFOTCS
MUKpPOBE3UKYJbl TpoMOonuTapHoro (TMB) u neiikonuTapHOro MpoUCXOXKIACHUS,
OoOHapyXHBacMble B KpPOBOTOKE KaK TMpu (U3HOJIOTHMYECKUX, TaK M TMpH
naronorndeckux cocrossHusx [120,130]. MB cnocoOHBI TPOHUKATH B Pa3IUYHEIC
o0JIacTH ¥ TKaHH, MPEoJoJieBas Jaxke remaro-dHiedanmmueckuii Oapbep [163].
MuKpOBE3UKYyJIbI TPOMOOIIMTOB SIBISIOTCS MPEAMETOM aKTUBHOTO HM3Y4YEHHS B
HACTOSAIIEE BPEMS B CBSA3H CO 3HAYMTEIBHBIM COJIEP)KaHWEM HMX B LUPKYJAIUU -
obonee 60% W3 HUX ABJIAIOTCS  MHMKPOBE3UKYJaMH  TPOMOOIUTAPHOTO
npoucxoxaenus [15, 140, 166, 177]. MB o0pa3ytorcst u3 TPOMOOIIMTOB B Ciydae
UX aKkTuBaluu. MexaHu3Mm ux oOpa3oBaHMsI ONPEAEISET CXOJCTBO COJEPKUMOTO
MB u tpomboruTa, a 3HaYUT U UX (PYHKIIMOHAIBHONW aKTUBHOCTH B OTHOIICHUU
bynkumit 9K u mporeccoB anruorenesa B 1eiomM. llenpio HacTosiero o03opa
SBJIIETCS] CYMMHUPOBAHUE JJAHHBIX JTUTEPATYPHI O COCTAaBE, (PEHOTHUIIE TPOMOOIIUTOB
u nx MB, a Taxke uX BIMSHUU Ha MPOIIECCHl aHTHOTeHe3a U curHauHT B OK.

1. TpomOouuThI: peHOTHI
TpomOoIUTEl — 3TO HEOONBIINE MOCTKICTOYHBIE SJEMEHTHI METaKapHOIMTOB,
UPKYJTUPYIOIIME B KPOBOTOKE M TMPEACTaBISAIONIME COOOW  MalleHbKHE
rpaHyJisipHble Oe3bA/epHBIE MUCKOOOpa3HbIE CTPYKTYphl OUAMETpoM 1-2 MKM,
y4acTBYIOIIME B BaXXHEWIIMX TMpOIECCax OpraHu3Ma: TeMOCTas3e, PEeaKIIHsIX
UMMYHHTETa, anruorenese [93, 125, 155].
TpoMOOLUTEl 3KCIPECCUPYIOT pa3jINyYHble MOBEPXHOCTHBIE OENKH, B TOM YHCIIE
aJIr€3MOHHBIE MOJICKYJIb, HEOOXOAMMBIC IJIsi B3aUMOJICHCTBUS C KJIETKaMHU H
BHEKJIETOUHBIM MaTpukcoM (Tabmuma 1). TpomOouurapusiit komrieke GPIb-1X-V
SBJIIETCS OJHUM M3 TEPBBIX PELENTOPOB, YYACTBYIOIIMX B MPOLECCE aAre3uu
TPOMOOIIMTOB K TMOBPEXKICHHOW COCYIHMCTOW CTeHKe 4epe3 cBs3b ¢ VWF (von
Willebrand  factor) cyOsHI0TENHA. GPIb-1X-V  cocrout  4eThIpex
tpancMeMOpanHbix rimkonpoterHoB: GPlba u GPIbB, GPIX u GPV. Css3b
komiuiekca GPIb-1X-V ¢ VWF ocymecTBisercs mocpeacTBOM CyObeIUHUIIBI
GPlba. Dta ke cyObequHHMIIA MOXXET CBS3BIBAThCS C TpomOmHOM [22, 57].
I'muxonporenn GPlIb/Illa (uaterpun ollbp3, mam CD41/CD61) — mnaumbonee
pacipoCTpaHEHHBI MHTETPUH TOBEPXHOCTH TpoMmOoIiuToB. OH CBS3BIBaETCSA C
¢udpunorenom, pudpunom, VWF u pudponekrrnrom. CD41/CD61 KOHCTUTYTHUBHO
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OKCIIPECCUPYETCsS Ha TPOMOOIMTAaX B HEAKTHBHOW (opme, MpW aKTUBAIMA OH
U3MEHSAET CBOIO KOH(oOpMaluio, npuodOperas Oojbliee CPOJACTBO K JIMTAHAAM.
AKTHBaIlMOHHBIMH CHUTHAJIAMHU, KOTOPBIE MOTYT MPUBECTH K YBEITUUCHUIO CPOJICTBA
CD41/CD61 c ero nurangamMu OTHOCAT TPOMOOKcaH Ay, TpoMOuH, kKoyuareH u VWF
[88].

P-cenexktun (CD62p, mim GM-140) — coneprkamuiics B a-rpaHysiax TIIHKOMPOTEHH,
KOTOPBI TpW AaKTUBAIMK TPOMOOIIMTA BBICTABIAECTCS HA TOBEPXHOCTH IS
B3aMMOJICHCTBUSL C KJIETKaMH, HecymmuMmu wMosekyny PSGL-1 — jurang P-
celekThHa. TpoMOOLIMTHI CIIOCOOHBI AKCIpeccupoBaTh He Toibko CD62p, HO u
naurana k Hemy — PSGL-1. 3a cuer B3ammoperictBus mojekyn CD62p/PSGL-1
MIPOUCXOANT CBSI3b TPOMOOITUTOB JIPYT C IPYTOM, HE0OX0uMast IJisi CTaOUIN3aiuu
dbopmupyromerocss Tpomba [127,136]. CD62p BOBICYeH BO B3aUMOICHCTBHE
tpoMOouuToB ¢ seiikouutamu [110]. Ecte manHbIe 0 TOM, 4TO Yepe3 P-celaekTHH
BO3MO’KHA aKTUBAIIUs CHCTEMbI KOMIUIEMEHTa ImyTeM cBsi3biBanus C3b [58]. Tem He
MeHee P-ceneKTUH He SBISETCS UCKIIOYUTEIbHOM MOJIEKYJION, XapaKTEepHOU s
TpomOomTOB: B Tenblax Beibens-Ilamane DK Takxke coaepxkuTcs AaHHas
MoJieKkyna kietouHor anresmu. llpu axtuBammm DK skcmpeccupyror CD62p, u
Yyepes Hero OCYIISCTBIIACTCS B3aMMOCHCTBHE ¢ TpoMOoruTamu [72,142].

CD31, wm wmonekyna aaresun TpomoOorutop/OK (PECAM-1) — 510
TpaHCMEMOpPAaHHBIN TJIMKONPOTEHWH, BXOMSAIIMNA B COCTaB CyIlepceMencTBa
UMMYHOTJIOOYTMHOB. JlaHHasT MoJieKyJia ydYacTBYeT, TJaBHBIM 00pa3oMm, B
TOMOTHUITMYECKUX B3aUMOJICUCTBUX, TO ecTh ¢ CD31, mpeacTaBieHHbIM Ha ApyTron
kietke. CD31 uHrubupyer myTh akKTUBAIIUU, MHUITMUPOBAHHBIN B3aUMOJICHCTBUEM
TpoMOOIIUTa C KOJJIATEHOM M TPOMOMHOM, TakuM o0O0pa3oM peryaupyercs
TpoMOOOOpa30BaHKE, CHIKACTCS €r0 HHTEHCUBHOCTH [47, 68].

Ha mnoBepxHOCTH TpPOMOOIIMTOB MPEACTABICHBI PEIENTOPHI, MO3BOJISIONINE
MOAYJIUPOBaTh ~ MMMYHHBIE  pPEAaKIUH.  AKTUBHUPOBAHHBIE  TPOMOOIIMTHI
DKCIIPECCUPYIOT Ha TOBEPXHOCTH XpaHsmuiics B a-rpanyiax CD154 u CDA40L,
ceas3piBatomuxcs ¢ CD40 ma DK [8,127]. Takxke TpOMOOIMTHI SBJSIOTCS
uctouHnkoMm pactBopumoii Gopmel CD40L (sCD40L). Conpepxanne SCD4A0L B
ITaMe KPOBH MOXET OBITh MHIMKATOPOM akTuBanuu TpoMoOonmToB [84]. CD40L
CTHUMYJIMPYET IKCIPECCHIO Pa3INIHbIX XeMOKuHOB (IL-6, IL-8, MCP-1), monekyn
anrezuu (VCAM-1, P-cenextun), TkaneBoro daktopa (TF) u rpombomoaynuna DK
[9, 174]. TpomoOormrapusiii CD154 moxer B3aummozeiictBoBath ¢ CD40 Ha
noBepXHOCTH B-nmuMdonuTos, ycunuBas NPOAYKIIMIO UMU HMMYHOTJIOOYJIMHOB
[52].

TpoMOOIIMTHEI MOTYT CEKPETUPOBATh U PEILEIITUPOBATH XEMOKHUHBI, TAKUM 00pa3oM
co3faBasi CBS3b MEXIy TeMOCTa3oM U BocmajgeHueM. Ha Tpombormrax
npUCYTCTBYIOT dyHKIMoHANBHBIEC perentopbl kK C-C u C-X-C xemoknnam (CCR u
CXCR cooterctBenHo). K aum otHocsarcst CCR1, CCR3, CCR4, CXCR4, CXCRG,
CXCR7, CX3CRI1. Dtu peunentopbl BOBJIEYEHbl B PETYJSHUI0 (QYHKIUI
TPOMOOIIMTOB: aKTUBAIUIO, are3uto, arperanuio [28, 41, 50].

Ha moBepxHOCTH TpPOMOOIIUTOB SKcmpeccupyroTcst 10ll-mogoOHbIe perentops
TLR1, TLR2, TLR4, TLR6. AxtuBamus TpoMOoIuTa BO3MOXHA dYepe3
TpaHcaykuuio curHaja TLR2 B cioydae B3aumopeicTBusi ero ¢ OakTepusMH,
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NPUBOSIIAS K 00pa30BaHUIO TPOMOOIUTAPHO-TIEHKOLUTAPHBIX KOMILJIEKCOB Yepe3
P-cenektun [24, 49]. Ilonarator, uro B3ammojeiictBue TLR2 ¢ ero murangom
npuBoauT K 3anycky PI3K/AKt curnaneHoro myTr u aktuBanuu TpoMooruTa [24].
Ha moBepxnoctu TtpomOomnutoB skcrnpeccupyercs FCyYRIIA,  comepxammuii
akTuBariioHHBIH MOTHB |ITAM. AxkTuBanus TtpombOonuTapHoro Fc-perenTtopa
MOBHINIACT KOHLEHTPALMIO LUTOIIasMarudeckoro Ca?', 4ro mnpuBomur K
JETpaHyIsIUuN  TPOMOOIMTa, 3aIyCcKy MeTa0OoJu3Ma apaxuOHOBOM KHCIOTHI,
sKcTepHanu3auu docharuauncepuna, akruamuu GPIIbllla [154].

Takum oOpa3zoM, TPOMOOIUTHI SKCIIPECCUPYIOT HA CBOECH MOBEPXHOCTH Pa3IMYHbIC
TJIMKOTIPOTENHBI. MOJeKyIbl aare3uu (CeJIeKTUHBI, MHTEIPUHBI) Y4YacTBYIOT B
aare3uu TpoMOOIUTA K CTEHKE MOBPEXKIEHHOTO COCY/1a, arperaiii TpoOMOOIIUTOB U
oOpazoBanuu TpomOa. Jlpyrue penentopel — TLR, penentopsl cucremsl
KOMITJIEMEHTA, XEMOKHHOBBIE PEIENTOPhl — HEOOXOAMMBI ISl aMIUId(UKaAUU
AKTUBAIIMOHHOTO CHUTHAJa W BBICBOOOXKICHUS COACPKUMOTO TPOMOOITUTAPHBIX
CEKPETOPHBIX TPaHyJ, YIaCTHS TPOMOOIINTA B HUMMYHHBIX PEaKITHIX.

2. TpomOouuTshl: cocTaB

TpoMOOIIUTEI UMEIOT B CBOEM COCTaBE MEMOPaHHYIO CHUCTEMY U CHelH(pUUECKUE
JUIST TPOMOOITMTOB CEKPETOPHBIC CTPYKTYPHI - Tpanyiisl [216]. Cucrema memOpan
TPOMOOITUTA COCTOUT M3 ABYX KOMITOHEHTOB: OTKPBITON KaHATUKYJISIPHON CHCTEMBI
(OCS: open canalicular system), OCyIIECTBIISIONMIEH CBS3b MEXKIY ITUTO30JEM H
OKpYJKaroliel cpeaod, u ImioTHoW TyOymspHou cuctemsl (DTS: dense tubular
system). DTS sBisgercs MeCTOM JICIOHMPOBAHUS HWOHOB  KajbllUsid W
aJICHWJIATIIMKIIAa3bl, a TAaK)K€ HEKOTOPBIX (PEPMEHTOB, BOBJICUECHHBIX B aKTHUBAIIUIO
TPOMOOIIUTOB, HAIIPUMED, JJII META00IM3Ma apaxXuI0HOBOM KUCIOTHI — UICTOYHUKA
TpomOoKkcaHa Ap. Beimemmuii u3 geno Ca?* akTMBHpYeT HUTO30IbHBIE KabIIMii-
3aBUCUMBbIC O€TKH, TEM CaMbIM HWHUIMUPYS aKTHUBALMIO CAaMOTO TPOMOOIIMTA.
VYposens Ca?* kontpomupyercss kanbuueBbiMu AT®dazaMu, KOTOpBIE, B CBOIO
ouepenb, perynupyrorcs TAM®. [Ipu ymenbmiennu tAM® noBbIIAETCS YPOBEHB
uuTo3onsHoro Ca?*, wm  aHTMArperaHTHBIE INpENapaThl, HANpABICHHBIE HA
MOBBIIICHUE LMUTO30JbHOT0 HAM®D, MOHMKAIT KOHUEHTPAMIO KaJlblHUs, TEM
caMbIM yrHeTas MpoIecc akKTUBaIUK TpomooIuTa [168].

BHyTpeHnHee coaepKumMoe TPOMOOIMTAPHBIX TPaHyd JOBOJBHO Pa3zHOOOpAa3HO.
Beinensitor 3 Trma rpanyd, TpoAyIHPYEMBIX TPOMOOIIMTAMH: (i-TPAHYJIbI, INTOTHBIC
O-rpanynbl U ju3ocoMbl (A-rpanynsl) (Tabmuma 2). B mepByro ouepens mpu
JIETPaHYJISIIIUN BBIJEISIIOTCA TUIOTHBIE TPAaHYJIbI, 3aT€M O-TPaHYJbl M JU30COMBI
[168]. Hawubosiee MHOTOYHMCICHHBI B 3pEJibIX TPOMOOIHUTAX o-rpaHyibl. OHH
SBJISIIOTCSL TOBOJIBHO KPYMHBIMU oOpaszoBaHusiMu (200-400 um) [168]. Buemrmsis
MOBEPXHOCTh MEMOpaHbl TpPaHyJd COACPXKUT aAre3UOHHBIC MOJICKYJbl U
TJIMKOTIPOTEHHBI, BHYTpeHHsAsS — pasznuuable G-Oenku, GTP-cBs3biBatonue 0enku
PETyHPYIOIINE CEKPEIUIO TpaHyJs1, MeMOpaHHbIe OCIKHA U TIMKONpoTeHHbI [168].
o-TpaHyJIbl SKCIpEeCCUpPYIOT nmoBepxHocTHhie Oenku: CD62p, CD36, CD9, CD31,
ocreonektud, GPIlIbllla [40, 94, 202], akkymMyJaupyoT KpymHble OClKH
pa3HoOOpa3HOM  (PYHKIIMOHAIBHOCTH, TaKue Kak  aAre3uoHHble  O€JKH,
KOAaryJisiMOHHBIE (PaKTOPBI, pa3HOOOPa3HbIE UTOKUHBI U (PAKTOPBI pOoCcTa MpPO- U
AaHTUTPOMOOTHYECKHE MOJICKYJIbI, aire3MOHHBIE MoJieKybl [51, 166, 196]: CXCL1
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(GRO-0), CXCL4 (PF4), CXCLA4L1 (PF4alt), CXCL5 (ENA-78), CXCL7 (PBP),
CXCL8 (IL-8), CXCLI12 (SDF-la), CXCL14 (BRAK) CCL2 (MCP-1), CCL3
(MIP-1a), CCL5 (RANTES), CCL7 (MCP-3), CCL8 (MCP-2), CCL15, CCL17
(TARC), CCL18 (PARK), EGF, HGF, TGFp, IGF, PDGF, VEGF, anruocrarus,
sapocratua, GM-CSF, TSP-1 ,pakrop V, BTG, HRGP, mnasmunoren, PAI 1, al-
PI, TFPI, vWF, xonapoutun-cynbdat, GuOpoOHEKTHH, BATPOHEKTHUH, P-cenekTuH,
CD40L. OTu rpaHyJibl y4acTBYIOT B PEryJsilMU IIMPOKOrO CIEKTPa MPOLIECCOB:
NOJAJIEP)KaHUM TOMEOCTas3a, KOaryJldlud, pPa3BUTUM BOCHAJCHUS, PETYJISIUU
aHTHOreHe3a, paHo3aXUBJIEHUU U Tpouux. OCHOBHBIE S(PPEKTHl ITUTOKUHOB,
BXOJISIIUX B COCTaB TPOMOOLMTOB, B OTHomeHun DK, ykazanol B TaOmnuie 3.
Copepxumoe rpaHyJ1 BapraOelbHO U 3aBUCUT OT THUIIA aKTUBAIUU JIETPAHYJISIUY.
[TokazaHo, 4TO MPO- U AHTHAHTUOHEHHBIE (DAKTOPHI YIAKOBBIBAIOTCS B PA3IMYHbBIC
a-rpanyibl [166], 1 B 3aBUCUMOCTH OT XapaKTepa BHEIIHUX BO3JICHCTBHI U THIIA
JIErPaHyJISIIUN CLIOCOOHBI BBI3BIBATH PA3IMUHbIE OMOJIOTHUECKUE 3PPEKTHI.
[1noTHBIE rpaHyIbl 00J1a1aI0T HAUMEHBIIUM pa3MmepoM (150 HM), comepxaT MeHbIIE
OelKOB, HO UMEIOT B cBoeM coctaBe MOHbI Ca?", AJI®, AT®, rucramMuH u
cepoToHUH. WmMest kucibli pH, TUIOTHBIE TpaHysbl CKIOHHBI aKKyMYJIUpPOBATbH
MOHOAMHMHBI M HEKOTOpPbIE MOJUIMKINYECKHE JIEKapCTBEHHBIM mpemnaparsl. Ux
(GyHKLHS 3aKITI0YAETCS B PEKPYTUHIE IPYTUX TPOMOOLIUTOB B MPOIIECCE arperamuu
U aMIDIM(pUKAIUK aKTHBalMM camux TpoMOomuToB [168]. Al u ATD
aKTUBUPYIOT TPOMOOLUTHI Y€pe3 COOTBETCTBYIOUIME PELENTOPHI, CIOCOOCTBYIOT
U3MEHEHUI0 UX ¢popMbl. CepOTOHUH MHULIMHUPYET BbIXo Tenel Beibensa-Ilanane u
B3aumoJericteue JK ¢ nelikonutamu. [loMmuMo 3TOro, MIOTHBIE PaHYJIbI SIBIISIOTCS
JIENO KaJbIUsl, KOTOPBI HEOOXOJMM JJIsl aKTHUBAIlMM TPOMOOILIMUTOB U 3aIlyCcKa
Kackaja TpoM0000pa3oBaHUsl.

Tpetuif TN TPOMOOIMTAPHBIX TPaHyJ — 3TO JIU30COMBI AuameTpoM 175-250 Hwm.
N nentuduuupoBath UX MOXKHO IO KUCIION docdaraze wim apuiicyibdarasze, TakxKe
0 TMOBEPXHOCTHBIM MapkepaMm. JIM30COMBI COAEpKAT TJIMKOTUAPOJa3bl U
JErUIPOTre€Ha3bl, KOTOPbIE PpACHICIUISIIOT TNIMKONPOTEUHBI, TIUKOIUIUABI U
INIMKO3aMUHOTIIMKAaHbl. Ha MemMOpaHe TIJIOTHBIX TpaHyJdl M JU30COM HMEETCS
LAMP1l, LAMP2, a Ttaxke CD63 - mpencraBuTelh CylepceMencTBa
TETpacaHMHOB, OH BOBJIEYEH B CIPEAMHI (PacIIaCThIBAHUE) AKTUBHUPOBAHHBIX
tpoMOonmToB [61,73, 92, 168].

[Ipu moBbIIIEHHH [UTO3016HOTO Ca%* IIPOUCXOAUT BBICBOOOKIEHHE CONEPIKIMOTO
TPOMOOIIMTAPHBIX TpaHyJl IyTeM DJK30IMTO3a, AHAJIOTMYHOTO I JAPYTHX
CEKPETHPYIOIINX KIETOK, TO ecth mnpu ydactuu SNARE, Rab-I'Tda3 u
COOTBETCTBYIOIIMX UM O€IKOB. 3a CUET 3K301IMTO3a PA3IMYHBIX MOJIEKYJ BO3MOKHA
CMEHa TIOBEPXHOCTHBIX OEJIKOB TpPOMOOIIMTA, YTO HANPSIMYIO BIMSIET HAa HUX
bynkuun. TpoMOOIUTHI CTOCOOHBI HE TOJIBKO K 9K30ITUTO3Y, HO M K DHJIOITUTO3Y:
OHM CHOCOOHBI TMOTJIONIATh MOJIEKYJIbI M3BHE, Hampumep, ¢ubpunoreH u VEGF
[11,127].

TpoMOOIIMTHI HWIPAOT BAXHYI pPOJb B PETyJSUU TEeMOCTa3a, AHTMOIEeHE3a,
npoiiecce TpoMO000Opa3oBaHus 3a CUET CBOEro BHyTpeHHero coctaBa (Tabnuma 3).
TpombouuTsl cogepxkar paziuunbie XeMOKHHbI C-X-C (a-xeMokuHbl) 1 C-C rpymnm
(B-xeMOKHHBI), KOTOPBIC BIUSIOT Ha (DYHKIMH JISHKOIMTOB U JuMdonuTos. PF4 —
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ATO OJIMH U3 MEPBBIX XEMOKHWHOB, 00HAPY>KEHHBIX B O-TpaHyJiax TpoMOo1uToB. PF4
TaK ke, Kak ¥ Ipyrou o-xemokuH Tpomborura — CXCLS, cnocoGcTByeT akTUBauu
u aaresun HedTpodminoB k OK, mpusnekaer T-muM@oruThl, CrIOCOOCTBYET
muddepenuupoBke  makpodaroB. Taxxe PF4  unrubupyer  mwurpanuio,
npoiudepanuio u Gopmupoanne Tpyook K [80,127]. CCL-5 (RANTES),
OTHOCSIIIUKCS K MPOBOCHATUTEIbHBIM [3-XeMOKHHAM, BXOAHUT B COCTaB O-TpaHys U
BHEKJICTOYHBIX Be3WKyl TpomOouutoB. CCLS mpuBnekaer, TfaBHbBIM 00pa3oM,
aAKTUBHPOBAHHbBIC [-ITUMQPOLUTHI U T-KJIETKU MaMITH 4Yepe3 COOTBETCTBYIOIIKE
penentopsl — CCR5 [98, 119].

Wutepneiikun 1-f (IL-1P) cexkpeTrpyeTcs akTUBHPOBAHHBIMUA TPOMOOIIUTAMH Kak
CBOOOJIHO, TaK U B cocTaBe MB, 1 crocoOCTByeT MPUKPETIIEHUIO HEUTPOPHUIIOB K
cocyauctoir crenke. Ha moBepxHocTH OK KOHCTUTYTHBHO MPHUCYTCTBYIOT
peuentopel kK IL-1B wm B3aumoneiictBus DK ¢ 3TUM JUraHaoM MPUBOIAT K
U3MEHEHUIO uX (peHoTurna. B HeakTUBUPOBaHHOM cocTosiHuU TpomOorwmTa |L-13
3amacaercsl B BUJ€ HEaKTUBHOIO MpeaniecTBeHHuKa — rpo-1L-1p, a npu aktuBanuu
ObicTpo mpeoOpasyercss B akTuBHYyr ¢opmy. [lomumo 3TOrO, TPOMOOIUTHI
criocoOHbI cuHTe3npoBaTh |L-1B de novo Ha ocHoBe Matpuunoit PHK, mony4enHnoii
oT Merakapuormra [127].

OcHoBHas 4acTh (PaKTOPOB TPOMOOIUTA, PETYIUPYIOIIUX aHTHOT€HES, COJEPKUTCS
B o-TpanyJax. TpoMOOIHMTHI coiepkat Kak Mpo-, Tak 1 aHTHAHTUOTEHHBIE (PAKTOPBHI.
K npoaHrnoreHHbIM COEAMHEHUSM OTHOCATCS Pa3IUYHbIE POCTOBBIE (DAKTOPHI,
nanpumep, VEGF, bFGF, PDGF (Tabauna 2). K aHTHaHTHOT'€HHBIM COCAMHEHUSIM,
coJiep KalumMcsi B TpoMOoIuTax, oTHoCATCA TpoMmOocnioninu-1, PF4, sanocratuH,
AHTUOCTaTHH, MHIMOUTOP akTuBaTopa miasmuHoreHa-1 (PAI-1). B 3aBucumocTn ot
AKTUBAIIMOHHOTO CTHMYJIa MOTYT BBIICIATBCS pasHble (akTopbl. B ycimoBusx in
VItro OBLJIO MOKAa3aHo, YTO MPU CTUMYJIAIMKM TpoMmOomMTapHoro peuentopa PAR-1
BBICBOOOXKaroTes o-Tpanynbl ¢ VEGF, a npu ctumymsiiium pertenropa PAR-4 — ¢
srnoctatiHoM [94]. B cocTaBe TpOMOOIIMTAPHBIX O-TPAHYJI MPEICTABICHBI TAKHE
poctoBbie daktopsl, kak PDGF, TFG-B, VEGF, EGF u npyrue [168]. VEGF — a10
cneruduyeckuii mutored OK, moBbIIarOmuil nponudepanuo, MUTPALUIO H
oOpaszoBanne cocynoB. VEGF mnoBeimaer sxu3HecrmocobHocTs DK 3a  cuer
CTUMYJISIIIMM MMH BBIpaOOTKHM aHTHAmonToThdeckoro Oenmka bcl-2 m ycunenus
aare3uy K BHEKJIETOYHOMY MaTpukcy. Taxke VEGF moBbliaeT mpoHUIIaeMOCTh
COCYJIOB ITyTeM CHIIKEHHSI IJIOTHOCTH KOHTaKTOB Mexy DK [37].

B TpomOormTax comepkuTCs OTHOCHTENbHO Oonbinoe konmuectBo TGFB. On
CHOCOOCTBYET 3aKMBJICHUIO MOBPEXACHHBIX COCYIOB, CTUMYJUPYET aHTHOTEHE3,
peryiaupyer BocnaiuTelnbHble peakiuu. [lomumo storo, TGFB yuactByer B
NaTOJIOTHYECKUX IMpoLieccax: OIMyXxoyieo0pa3oBaHuM, arepockiepoze. MMeHHO
TPOMOOIIUTHI SABJISIOTCS OCHOBHBIM HCTOYHHMKOM ImasmeHHoro TGFB. TGEFf
BBIJICTISICTCSl TIPU aKTHBAIIMM TPOMOOILIMTOB B BHJIE€ HEAKTHBHOTO KOMIUIEKCA, U
IIOCJIC €ro BBIXOJIa B IIa3My MPOMCXOIUT MEPEX0]] B aKTUBHYIO Gopmy [13,25].

B cBs3u ¢ paznonanpasiennbiM nerictBueM TGFP na 9K ero posib B aHruorenese
OCTaeTcs MpeaMeToM akTUBHOro wusyueHus. Peuentopamu TGFB sBastorces
CEpUHOBBIE U TPEOHUHOBBIE KHWHA3bl. Beigemsator 7 turos peuentopoB | tuma -
ALK1-7(activin receptor-like kinase) m 5 tumor peuentopo TGFB Il Tuma.
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Kopeuentopamu nis peuentopoB TGFP ciyxat supornun u B-rinukan (TGFBR I
tumna). HanbGonpiiee 3nauenue mns peanusanuu Biusaus TGFR ma DK umeror
ALK1 u ALKS. Penenitop TGFB ALK u ero kopenuentop 3HAOTINH UHAYIUPYIOT
BHYTPUKIIETOUHbIE curHanbHble MyTH Smadl, SmadS u Smad8. B3aumopeiictBue
TGFPB ¢ ALKS u TRRII unayuupyet dpochopunupoBanue myteit Smad2 u Smad3,
AKT, EphB2. AxktuBaums Ras/Erk MAPK nyru Baxkna mns murpamum OK,
He3aBucuMOi ot Smad mytr [164].

Penentoppr ALK1 u ALKS 1npu cBsa3pBaHMUM ¢ JIMTaHIAOM  OKa3bIBAIOT
npoTuBOMONOKHbIE 3(Pdektol. AxtuBanus ALKI npuBogutr K CTUMYISLIUAA
nponudepanun u murpanuun OK, ctumynsuuu GopMHUpOBaHUS TPYOOK COCYIOB
[122,227]. B TGFp-ctumynupoBannoii nposmdepanun DK  3amelcTBOBaHBI
perynsitopbl  kiaetouHoro mukiaa CCT4 u CDC6. Taxxke aktuBanusa ALK-1
ctumyupyet sxcnpeccuto JK rernos JunD, CDK5, CCT4, CDC6, MMP10, Ephrin-
B1 u PAHA 1 u nmonaBnsieT sxcnpeccuio reHoB Rac?, integrin ag, ICAM-1 u ICAM-
2 [129, 215, 218]. Jns crumysauu nposudeparuun DK mocpencTBoM perentopa
ALK1 neoOxomuMm sHaorIMH. OTCYTCTBUE SHIOTJIMHA MPUBOAUT K aKTHUBALIUU
Bo3neiictBus TGFPB gepe3s pemenrop ALKS [112,149]. AxktumBamms ALKS
MHrHOHpyeT nposmdepanuo nu murpanuo JK, 3aaeiicTByeT npu 3TOM UHTHOUTOP
mupdepenumann  Idl. Kpome Toro, ALK-5 perynmupyer MexXKIETOUHbIE
B3aUMOJECUCTBUSA, B YACTHOCTH CTHUMyJIUpyeT axare3nto OK, sKchpeccuro
angiopoietin-like 4, MCP-1, RANTES, cadherin 1 momaBisieT 3KCIPECCHUIO
unterpuna 06 [215]. TGFB1, aktuBupys ERK curHanbHbIN MyTh TPU CBA3BIBAHUH
¢ ALKS, ycumuaet skcrpeccuto penentopoB SDF CXCR4, CXCR7. Ycunenue
HKCIIPECCUU ITUX PELIETITOPOB CIIOCOOCTBYET a/IM€31UU, MUTPALIUU U (POPMUPOBAHUIO
TpyOOK cocyioB DK, kak MHTaKTHBIMH, TaK ¥ cTUMYJpoBanHbIMUH SDF-1 DK [69].
Bepositno, TGFB nmpuHuMaeT ydactue B NEPEKIIOYCHUN XapaKTepa aHTHOTeHe3a,
MOCKOJIbKY TOoKa3zaHo, 4yTo mnpu pocre DK nHa komnarene TGFP wunrubupyer
nposudepanuto u murpanuio K, oqTHOBpeMEHHO CTUMYJIHpYET opranuzaiuo DK
B TPEXMEpPHBIE TpyOUaThie CTPYKTYpHI [169].

Hapsiny ¢ anrnorennsim aeiictBueM TGF[ oTmMeuaeTcst ero HeraTUBHOE BIHSIHUE Ha
xu3HecnocooHocts DK. TGFP Be3biBaer anonto3 DK npu B3aMMOIEWCTBHM C
acconmanuert perentopoB CD222 (R manH030-6-P nHCYIMHO-TTIOA00HOTO (hakTOpa
pocrta-II) u CD87 (uPA-R - peuentop akTuBaTOpa MJIa3MUHOTE€HA YPOKHHA3HOIO
tuna) [113]. AxtuBanus curHanpabix mytedt TAK1-JNK/p38MAPK coBmecTHO ¢
Smad wuHaymupyer amnomnrto3 [164]. Tlokasano, uyro TGFB wnapymaer
byHKIMOHUpOBaHUE MUTOXOHApUNA DK, YTO COMPOBOXKIAETCS MOBBIIICHUEM
ypoBHss A®DK, aktmBanmert eNOS © CHWKEHHEM MEMOPaHHOTO ITOTEHIIMAJIA
mutoxouapuit DK [188]. Beicokue konnentpaiuu TGF[} B kpoBOTOKE COMyTCTBYIOT
pa3BUTHIO TPOMOO03a U KOPPEIUPYET C Pa3BUTHEM SHIOTEIHAIBLHON AUC)YyHKINUN
[96].

TGFB oka3piBaeT 3HAUYMUTENILHOE BIIMSHHE HA OPraHU3alMI0 TKaHEW, OKa3bIBas
BJIMSTHUE Ha CEKPETOPHYIO aKTHMBHOCTh M AKCIIPECCHIO TTOBEPXHOCTHBIX MOJEKYJI
OK. Ilokazano, yto TGFB crumynupyer npoaykuuio DK IL-6 u IL-8, uyto
CIIOCOOCTBYET MEXKKJIETOYHOW OpraHM3aluy W pa3BuThio Tkanu [17, 44]. Kpome
toro, TGFB oxka3piBaeT 3HAYUTEIbLHOE BIUAHUE Ha aare3uBHOCTh K u
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B3aumozeicTerue DK ¢ KOMIOHEHTaMH MEXKJIETOYHOIOo MaTpukca. B yactHocTH,
TGFB ctumynupyert axcripeccuto K PDGF, anresnonnsix monekyin N-cadherin, a-
SMA (a- smooth muscle actin, 3aaeiicTBOBaH BO B3aUMOJICHCTBUHU ¢ KOJUTATCHOM),
WHTETPUHOB, MTPOIYKIINIO KojutareHoB [V u V tunos, puOpoOHEKTHHA U BUMEHTHHA
[170, 200], Bimmser Ha crocoOHOCTh DK paspyiiaTte MEKKICTOUHBIM MaTPUKC 32
cueT cHmwkeHus npoaykiuu OK tPA 1 UPA, moBeIIeHUST IPOIYKIIMH HHTHOUTOpA
akTuBaropa IurasmuHoreHa m MMP-9 [21, 169]. Takoe wm3menenme DK mox
BinusinueM TGFP ykaspiBaeT Ha BO3MOXHYIO TpaHchopmanuio DK B KoJuiares-
npoayuupyromue MuopuOpoOaacTsl, YTO BHOCUT BKJIAJ B MATOJOTHYECKUE
u3Menenus DK, B yacTHOCTH mpu cTeHo3e aopThl [199].
VYyactue TGFP B cTrumynsinuu snurenuaibHO-ME3EHXUMAIbHOU TpaHcpopMaluu
aBigercs emie ogHUM MexaHusmoMm BhusiHug TGFP na (opmupoBanue TkaHei.
OnurenuaibHO-ME3E€HXUMaNbHAsT ~ TpaHcopMmainus  NpeAcTaBiIsieT  coOoi
nepekaoueHne pasButus DK B HampaBieHWHM ME3CHXMMAIIBHBIX KJIETOK |
xapaktepuzyercsi noreped xapaktepubix s DK mapkepoB: PECAM-1, VE-
cadherin, VEGFR, Tie-2, motepeii MEXKIETOYHBIX KOHTAKTOB M MPUOOPETCHHEM
OK wuHBa3MBHOW CIIOCOOHOCTM M YCTOMYMBOCTHM K amonto3y. Ilpu »Tom
OKa3bIBalOTCs 3ajeicTBoBaHbl curHaibHble myth MAPK/ERK, PI3K, p38mapk
[97,220]. Tpanchopmammst TaKoro THIIA MOXET CIIOCOOCTBOBATH AHTHOTCHE3Y H
(GOpMHpOBaHHIO TKAaHEW, B TOM UHCIE MpU SMOpPUOreHe3e, CIOCOOCTBYs
GbOpMUPOBAHUIO ME3EHXHUMAJIbHOW O0O0JIOUYKH BHOBB- 00pa3oBaHHBIX cocyjnioB. C
JPYrOol CTOPOHBI, ATOT K€ MEXaHU3M HrpaeT poyib B (opmupoBanuu (puodposa
[151,195] um moTepe SHIOTENHMATBHON BBICTHJIKH COCYJIOB C TOCICAYIOUIIM
HapYIIEHUEM MPOHUIIAEMOCTH COCYJOB M YTpaToill (PYyHKIIMOHAIBHOCTU TKaHEH
[197].
Takum o6pazom, TGFf B 3aBUCHMOCTH OT MUKPOOKPYKEHUSI MOKET MPOSBIIATH KaK
MPOAHTUOTCHHYI0, TaK W AaHTHAHTHOTCHHYI (DYHKIIMOHAJIBHYI) aKTUBHOCTD,
MPUHUMATh y9acTHE Kak B HOPMAJIbHOM, TaK M aHOMAJIbHOM Pa3BUTHH TKaHEH.
TpoMOOIIUTEI CEKPETUPYIOT pa3HOOOpa3HBIE TIO MPUPOJIE BEIIECTBA, BHITTOIHSIOIINE
B OpraHU3Me YelOBEKa pa3inyHble (PYHKIMU: TEMOCTa3, PETYJNAINS aHTHOTEHE3a,
3amuTa OT mnaroreHoB. Cekpeluy W HM3MEHEHUIO (DEHOTUIa TPOMOOILIMTOB
MPEIIIeCTBYET MPOIeCC AKTUBAIIHH.

3. AKTHBaIUsi TPOMOOLUMTOB M UX B3aMMO/IeiicTBHE C IHI0TETHEM
B MOKOSIIIEMCS COCTOSTHUH OK AKCIIPECCUPYIOT
skToHyKeosuarpudocharaupochoruaponazy-1 (CD39), kotopas mnpeBpamiact
AT® B afeHO3WH W, TaKUM 00pa3oM, MPEIOTBpAIlaeT aKTUBAIUIO U arperaruio
tpombormToB. I[lomumo »3t1oro, DK cuntesupyror okcua azora (NO),
UHTHOMpYOmMit  sKkcnpeccuio  TpombOoruTom  P-cenektmra wu  GPIIbllla.
[Tpoctrammuknua (PGI2) sHpoTenus Takke MPEensTCTBYET aKTUBAIIMKA TPOMOOITUTOB
[48,159].
AKTHUBaIMs TPOMOOIIMTOB MOXKET OBbITh BbI3BaHAa KOMIIOHEHTaMHU CYOIHAOTEIUS
(xomnaren, VWF), tpom6unom, anpenanuom, AJI®, AT®. CepunoBas nporeasza
TpoMOUH akTuBUpyeT TpomOorutel udepe3 PAR1 um PAR4 penenropsr [102].
AKTHBanys TPOMOOITMTa TaK)K€ MOXXET OBITh WHHUIIMMPOBAHA B3aWMOCHCTBHEM
TpoMOOLIMTOB C OelkaMu CHUCTEMBI KoMiuleMeHTa. Ha Tpombouurtax ecTb
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peuentopel CR2, CR3, CR4, C1gR u peuenrtopsl ansa ¢gakropoB D, H u nna Cl-
uHrHOUTOpa. TPOMOOIIMTHI MOTYT aKTUBHPOBATHCS MPOAYKTAMHU CEKPEIHH APYTHUX
TpoMOOLIUTOB (TpoMOOKcaHoM Aj, cepoToHuHoM, AJID, AT®D). [leiictBue Bcex
aKTHBATOPOB onocpenyercs yepes Ca?* [58,156].
Bo Bpems akTuBanuu TPOMOOIIUTHI MEHSIOT CBOIO MOP(OJIOTHIO, BEICBOOOKIAIOT
BHEKJICTOYHBIE BE3HWKYJbI U COJACPKUMOE CBOMX TpaHyl, HU3MEHSIOTCA (DU3HKO-
XUMHYCCKHE CBOMCTBA MX MeMOpaH [15]. HauanmpHbie Tambl aare3un TpoMOOIMTOB
K TIOBPEXIEHHOM  COCYIMCTOM  CTEHKE 3aBUCAT OT  B3aUMOJCUCTBUS
tpoMOonuTapubix komiuiekcoB GPIb-IX-V ¢ VWF u GPVI ¢ komiarenom.
B3auMopeiicTBue JaHHBIX KOMIUIEKCOB CO CBOMMHU JIMTAHAAMHU MPUBOAMUT K
aKTUBAIMK IPYTUX MEMOpPAHHBIX MOJIEKYJI TPOMOOIUTA, U TEM CAMbIM IMPOUCXOIUT
aMIUIMpuUKalKs akTUBalMOHHOro curHana. [lpum moBpexaenuun cocyna VWF
CBs3BIBacTCS uepe3 cBod A3 1oMeH ¢ KojulareHoMm cyOaHuporenus. J[lanee
cyobenuuuiia GPIb kommutekca GPIb-1X-V B3aumonericteyer ¢ Al nomenom VWF.
[Mpu cesaspBanum  GPIb-IX-V ¢ mumpkymupyrommum B 1masme kposu VWF
3aIlyCKaeTCs aKTUBAIMA KUHA3 ceMeicTBa SIC ¢ JanbHeHM GocPopruIipoBaHUEM
OENKOB CUTHAJIBHOTO KacKaja, YTO PEe3yJIbTUPYETCS MOBBIMIEHUEM LHUTO30JbHOTO
Ca?*. Ceasp apyroro uarerpuna, GPVI, ¢ Ko/areHoM 3amycKaeT akTUBALMIO KUHA3
Src u Syk u npusoauT k nossimennto Ca?* B nurosone [88]. 3a mpoueccom aaresun
CIIeAyeT TPOIECC pacIulacThiBaHUs (COPEIWHT) TPOMOOIMTOB Ha MeECTe
MOBPEXJIeHUs cocya. Pacmiacranubie TPOMOOLUTHI CBSI3BIBAIOT I1a3MeHHbIe VW
U (UOPUHOTEH, TEM CaMbIM IPUBJICKAIOT HOBBIE TPOMOOIIMTHI HA 0Opa3yIOIIUIC
TpomMO. TakuM o06pazom dopMHupyeTcs TPOMOOITUTAPHBIN TPOMO — COCIMHECHHBIC
MeXIy co0oi (GUOPUHOTEHOM aKTUBUPOBAHHBIE TPOMOOIUTHI, MPUKPEIIJICHHBIE K
cocyaucToil cTeHke. B panbHeimem TpoMmO crabmwimmsupyercs (GuOpuHOM.
Ycunenue aare3uu K cocyay Aocturaercs 3a cuer mHTerpuHoB GPlalla (02p1),
a5p1, a6pl [88,159].

4. Bausinue TPOMOOLMTOB HA AHTHOTEHE3
TpombOouTel comepkarcsi B KpPOBOTOKE U TIOCTOSIHHO KOHTAKTHPYIOT C
DHIOTENNATHHON BBICTHIIKOM COCyZOB. MHOTHE acmeKThl (PyHKIMOHUPOBAHUS
TPOMOOIIUTOB, CBA3AHHBIE C TPOMOOOOPA30BAHUEM M PAHO3KUBICHUEM, U3yUEHBI
JIOBOJILHO TOJApOoOHO. B HacTtosiee BpeMs MOKa3aHO, 4TO TPOMOOIIUTHI UTPArOT
BaXXHYIO POJIb B (POPMUPOBAHUU M TOJEPKAHUN TOMEOCTa3a COCYIUCTOTO pycia.
B HEKOTOpBIX TATONOTUYECKHX COCTOSHUSX, TAKUX KaK CEepJIeYHO-COCYIUCTHIC
MATOJIOTUM M OHKOJIOTHSI, POJb TPOMOOIIMTOB B PETYJISIMU AHTHOTEHE3a SIPKO
BBIPKEHA 1 MOJKET CIIOCOOCTBOBATH KaK PA3BUTHIO MATOJIOTHH, TAK M KOMITCHCAIIUN
HOBPEXACHUS  COCYIUCTOrO  JHAOTeNHs.  MexaHu3Mbl  B3aUMOJEHCTBUS
TpoMOoIUTOB M DK B HOpME U MPU MATOJOTUH SIBJISIFOTCS MPEMETOM HHTEHCUBHOTO
u3ydeHusi. TpoMOOIUTHI KOHCTUTYTUBHO BBIACISIIOT (aKTOPBI, TIOIIEPKUBAIOIITHE
LEJIOCTHOCTh JHAOTEINAIBHOW BBICTUJIKMA COCYJOB, Takue Kak CGHUHIO3uH-1-
dochar (S1P), ceporonun, VEGF, tpombocmonauu [20], uro HampaBieHO Ha
pEeIOTBpaIleHHE aKTUBAIIMA TPOMOOIIUTOB. B KoHTakTHOM B3ammozeicTein DK ¢
TPOMOOIIMTaMH KITFOUEBYO poiib urparT P-cenextun u CD40/CD40L [26, 179].
TpoMOOIIUTEI OKa3bIBAIOT BIMSHUE Ha TMpOIecC POPMHUPOBAHUS COCYNIOB YXKe Ha
paHHMX OJTamax, NpHBIEKas mpenmecTBeHHUKOB DK B Mecra pereHeparuu
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COCYIUCTOTO pyclia W aKTHUBHOTO aHTHOreHe3a. JTO JOCTUraeTcsi 3a CYET
CTUMYJIALIMM 3KCIPECCUH Ha KileTKax-npeamectBeHHukax [CAM-1, cekperuu umu
npoctanukinHa (PGI2) u MCP-1, uTo mo3BoJisieT UM aKTUBHO B3aUMO/ICHCTBOBATh
co 3perapiMu DK [178]. TpoMOOIMTHI SBISIOTCS HCTOYHHMKOM aHTHOTCHHBIX
daxkropoB VEGF, PDGF, bFGF, MMPs, renapanassl. [Ipogyuupyemsiii
tpombormramMu CD40L ctumympyet anruorenes [39,135]. JloBonbHO 1aBHO OBLIO
MOKa3aHO, YTO TPOMOOIUTHl CTUMYJIUPYIOT npoiudepauio, QGopMUpOBaHUE
TpYOOK COCYZIOB MPU HEMOCPEJACTBEHHOM KOHTaKTe TpoMOouuToB U JK B ycioBusx
in vitro [128,160]. B yciioBusix OKCHIATHBHOIO CTPecca TPOMOOIIUTHI 3HAYUTEIIHHO
cHmkatoT anonto3 DK, crmocoOCTBYIOT MOBBIIEHUIO XU3HecrocooHoctn DK u
anrvoreHezy. OJIHUM U3 MEXaHU3MOB pealn3aluu 3Toro 3@dekra sBiIgeTCS
nornomenue DK myTem sSHIOLMTO3a TPOMOOIMUTAPHBIX MHUTOXOHAPUN B BHUJIE
CBOOOJHBIX Opra”Heyi win B coctraBe TMB ¢ mocnenyrorieit akTuBaruei
aHTHAIIONTO3HOTO TeHa cypBuBHHa (survivin) B DK [99]. AxrtuBmpoBaHHBIC
TpoMOOLUTHI ycuiauBaroT cekpenrto UPA u tPA, nponykuuro MPHK u sxcnipeccuto
OK penenrtopa ypokunassl (WPAR), MemOpanHoit meTamionpoTenHasst MT1-MMP,
u (pepmentoB MMP-1 u MMP-2, yTo yka3plBaeT Ha MOBBILIEHHYID MaTpHUKC-
JErpaupYyIONIy0 ciocoOHOoCTh DK 1o BIUsIHUEM aKTUBUPOBAHHBIX TPOMOOIIUTOB
[132]. [Toka3aHO, 9TO TPOMOOIIUTHI SIBJISTFOTCST BAXKHBIM MHIIYKTOPOM aHTHOTCHE3a 1
uHBa3uKu Tpu omyxoneBoM pocte [150]. Cpemu aHTHaHTHOTEeHHBIX (HAKTOPOB
TpOMOOIIMTOB MOKHO Ha3BaTh »HHAocTaTuH, TSP-1, uHrHOuUTOp aKTHBaTOpa
mwiazmuHoreHa (PAI-1) u anrwocratun. Takxke TpoMOOUMTHI MPOAYLUUPYIOT
3HAYUTEIbHBIC KOJUYECTBA MPOBOCHAIUTENLHOTO IIuToKNHA IL-1[3, xemokunbl, PF4
u RANTES [32,71, 158]. Ectp mpeamnoiokenue, 4ro AeiCTBUE TPOMOOIUTAPHBIX
AHTHAHTHOTCHHBIX (PAaKTOPOB HE OKas3biBacTcs pemaromuM [32]. CTOUT OTMETHUTD,
yTo 3h(dEKT AaKTUBUPOBAHHBIX TPOMOOIIMTOB HAa  aAHTHOTEHE3  CKopee
HeoHo3HavHbIH [160]. TpomOouuTe! yennuBaroT npoaykuuio IK nutokuHoB 1L-6
u [L-8 [114] , popmupys npoBocnianutenbhbiii henorun DK. Hapsay ¢ nanHbIME O
crumyimpytoniem BrussHu  CD40L  na asrmorenes [39, 135], mnoxkasano
unruoupytomee BausHue CD40L TtpombouutoB Ha VEGF-onocpenoBaHHbIN
aHruoreHe3 3a cyer cHwkeHUs mnpoaykuun OK NO, ycuneHuns npoayKuuu
aKTUBHBIX (opM kuciopoja u cHkenuss VEGF-unnyumrpoBannoit murpanuu 9K
[194]. dpyrue naHHble yKa3bIBAIOT HA TO, YTO TPOMOOIIMTHI 3a CYET KOHTAKTHBIX
Baumoneiicteuii  (CD41/CD61) wu npu 3HauutenbHoM ydactun TGF[f
ctuMynupyrot anonto3 DK mosroBeix mukpococynoB [210]. Takum obOpasom,
3¢ PeKTH TPOMOOIIMTOB HAa AHTHOTEHE3 OCTAIOTCS HEAOCTATOUYHO N3YUCHHBIMH.
5. MukpoBe3uKyJibl TPOMOOLUTAPHOI0 NPOUCXO0KICHUS

Muxkposesukyibl pazmepoM ot 100 1o 1000 HM ipencTaBiIsSIOT cO00M chepudeckre
CTPYKTYPBI C OMIIUITUTHOM 000JI0UKOMN, COACPIKAITUMHU YACTh KIETOYHOU MEMOPaHbI
Y BHYTPEHHEH cpeibl KIETKU-UCTOYHMKA. MUKPOBE3UKYIIBI CIIyKaT MOCPEAHUKAMU
B CUTHAJIMHTE€ MEXAY KJIETKaMH, Y4aCTBYIOT B POLECCaX BOCHATICHMUS, KOATyJIsIIUH,
aronro3a, peryaupyror npoiudepanuio u auddepeniuporky kierok [120,130,
140]. OHu criocoOHBI MPOHUKATH B pa3IMYHbIC 001aCTH U TKAHU, TIPEOI0JICBAs JaXKe
remaro-3Huedannueckuii 6aprep [163]. Lupkyaupyrompe MB coxpaHSOT Ha
CBOEI TOBEPXHOCTH MAapKepbhl POAUTEIHCKOW KIETKH U 3aKJII0YalOT BHYTPH
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pa3HoOOpa3Hble O€NKH, JIUMUIbBI U HYKIEHHOBBIE KHUCJIOTHI, PEryJIUpYyIOIIne
MIPOIIECCHI BHYTPH OpraHn3Ma Kak MPU HOPMATBHOU KU3HEACSITEIIbHOCTH, TaK U PU
naTojioruu [124]. BHekIeToOUHbIC BE3UKYJIBI aKTUBHO U3yYarOTCs JIJIS IPUMCHCHUS
B JIMAaTHOCTHKE, a Takxke Uil pa3pabdOTKM METOAOB JICYCHHS Pa3IAYHBIX
3a00J1eBaHUM.

MUKpOBE3UKYJIBl  OTHICIUISIOTCS OT BHENIHEW MeMOpaHbl KICTKH  TPHU
(PU3HOIOTHYECKUX M TATOJIOTHYECKUX Tporeccax [35]. MemOpana MB conmepxut
dbocdatuauiceprt, OAHAKO B CBSI3U C T€M, YTO OHU HE UMEIOT ATd-3aBUCUMBIX
MEXaHU3MOB TOJIEPKaHUS JIMIUJAHOW aCUMMETPUM MEMOpaHbl, JAHHBIH
dochomunu MpUCYTCTBYET HAa MeMOpaHE TIOCTOSHHO, M TI03TOMY MOXKET
y4acTBOBaTh B mporieccax koaryssaiuu [15,140]. Mexanusmel popmupoBanus MB
W3yueHbl HemoctaroyHo. Ilokazano, 4Tto B crenuduyeckor ymnakoBke MB
yuactBytoT pubonykieonporend A2B1 (hnRNPA2B1), hnRNPQ u hnRNPU,
oemok Ago2 [177].

B 3aBUCMMOCTM OT COCTOSIHUSI TPOMOOLIMTAa W €ro MHUKpPOOKpyxkeHus, MB
pa3IUYarOTCsd BHYTPEHHUM COJCPKHMBIM, XapaKTEPUCTHKAMH MEMOPAHHOTO
cocraBa M (hyHKITMOHATLHOM akTUBHOCTBIO [70,124]. [Ipn akTHBaIIMK TPOMOOIIUTOR
IIPOUCXOIAUT CTUMYJIALINS UX Jerpanysnnu [63,224]. TpaquiimOHHBIME METOIaMH
aKTUBALIMM TPOMOOIIMTOB CITYXHUT BO3/IEUCTBHE PACTBOPUMBIX (PAKTOPOB TPOMOUMHA,
TpomOokcana A2, AJI®, a Takxe cBsa3piBaHUe KoutareHa U VWF ¢
TJIMKOTIpOTEeMHaMu  TpoMmOoruta. B gerpanynsimu  y4yacTBYIOT — BE3HKYJI-
accoluupoBanHbie MemOpanHbie nentuabl (VAMPSs), xopeun [173], Ocnku
cemeiictBa cenTuHoB (Sept). Ilocneanue oTBeyarOT 3a HK30LMTO3 W aJre3uIo,
oTIHIeIICHHE o -TpanyJ [144]. YcTaHOBIEHO, YTO TaKue MpenapaThl, Kak CTATHHBI,
aCTMPHH, aHTHOKCHIAHTHI CHIDKAIOT KoJrmuecTBO TMB B kpoBoToke [19].

BriepBbie BHEKJIETOUHBIE BE3UKYJbI MEpUPEPUUECKOM KPOBH OBUIM OIKCAHbI
uccienonareneM Bynbhom u ObITH Ha3BaHBI «TPOMOOIIUTAPHOMN BLUTBIO», IPH 3TOM
o0J1aiaBIIeii MPoOKoaryIaTOpHOM akTUBHOCTHIO [213]. TMB MoryT Bo3/eiicTBOBaThL
Ha pPa3JIMYHBIC THIMBI KJIETOK, YYaCTBYS B PETYJSIIIUN BOCIAJICHUS, UMMYHHOTO
OTBETa, aKTUBAIIMM CHCTEMBI KOMIUIEMEHTa M MHOTHX JAPYTHX TporeccoB. TMB
MIPEACTABIIIOT MHTEPEC B KA4YECTBE TEPAMEBTUYECKOTO areHTa B CBS3M C HX
OONBIION OHOJIOTUYECKOM AaKTHBHOCTBIO, HETOKCHYHOCTHIO, CTAOHMILHOCTBIO,
CIIOCOOHOCTBIO TIEPEHOCHTH Pa3jIMYHbIE MEIUATOPhl M TEHETHYECKHd MaTepHual
(IHK, PHK, muxkpoPHK, MPHK) [10, 147].

TpomOomTapusie MB 17151 m3ydeHust B yCJIOBUSIX in Vitro TOIY4YaroT 4alie BCEro
nyTeM cOopa  cylepHaTaHTa, IOJYYEHHOTO TIOCNe  KPaTKOBPEMEHHOTO
KyJIbTUBUPOBAHUSI TPOMOOIIUTOB KpoBU. TpomOonmtapusie MB nepudepuyeckoit
KPOBU COXPAHSIIOT TIOBEPXHOCTHBIE AHTUTEHBI, XapaKTepHbIC IS KIECTKH-
ucrounnka. OHU HECYT Ha CBOEW IMOBEPXHOCTH Takue Mapkepbl, kak GPIb-a
(CDA42b), P-cenextun (CD62p), GPIIb (CD41), GPllla (CD61), CD154 (CD40L)
[16,63, 163]. Mapkeps! annekcun V, CD63 u CD40L He MOryT ObITh HCIIOJIb30BaHbI
KaK WHAWUBUAYaJbHbIC Mapkepsl TMB, IOCKOJIBKY TOJBKO OKOJIO TIOJIOBUHBI
mupkympytonmx TMB ux skcnipeccupytot [78]. B 3aBucumoctH OT cTuUMyIa,
aKTUBHPYIOMIETO TPOMOOIUTHI, momysimud  TMB  MoOryT pasmuyaThCcs 110
KOJIMYECTBY M JKCIpPECCHpPYEeMbIM MoJieKysiaM. Hampumep, ObLIO MOKa3aHO, YTO
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AKTUBHPOBAHHBIE TPOMOMHOM M KOJUIAr€HOM TPOMOOILIUTHI AKCIPECCUPYIOT
GPIIb/Illa, a TMB, akTHUBUPOBAaHHBIX OCIIKAMH CHUCTEMBI KOMIUIEMEHTOM, — HET.
Taxxe OBLJIO MOKAa3aHO, YTO BO3MOKEH Pa3HbIM yPOBEHb AKCIIpeccun P-cenekTrHa
U BbICTaBIeHUS (PochaTuaniIceprHa B 3aBUCUMOCTH OT aKTHBHPYIOIIETO CTUMYJIa
[65,157].

OnHo w3 HamboJsiee M3YyYEeHHBIX CBOMCTB TMB — 310 perymsmms remocrtaza. Ha
BHEIIHeM cioe MeMOpanbel TMB HecyT Qochartuamicepus, crnocoOCTBYOMU
abcopOumu 1Ia3MeHHbBIX (DaKTOPOB CBEPTHIBAHMS KPOBHM Ha MemOpaHe. bbuio
MOKa3aHo, YTO cojiep:kanne GochaTuauiceputa Ha nopepxHoctu TMB BeItie, uem
Ha MeMOpaHe TpPOMOOILMTA, YTO 3HAYUTEJIHHO TOBBIIIAET MPOKOATYJISATOPHBIN
notenuan dactui [1,181]. Taxke TpoMOOLUTAapHBIC BE3UKYJIBI UMEIOT B COCTABE
PF4, xoTopslii, mnoMUMO (DYHKIMH MPUBJICYEHUS UMMYHHBIX KJIETOK M yTHETEHUS
aHTHOreHe3a, CIOCOOCH CBS3BIBATHCS C TEMAPUH-TIOAOOHBIMH MOJICKYJIaMHU, TEM
caMbIM criocoOcTBys koaryisiuu [74]. Tem He MeHee, BO3MOXxHO, uyT0 TMB
CIIOCOOHBI TPOSIBISITH U AHTUKOATYJSITOPHBIE CBOWMCTBA, akTHBHpYys Oemok C,
UHrHOHUpyommii pakrop cBepteiBanus kposu Va [182].

Tpomborutapasie MB mpeanosnoXuTenbHO MOTYT Y4acTBOBATb B HMMMYHHBIX
peakusax [15]. B cocraB TMB Bxoast xemokunsl PF4, CCL5, CXCL7, IL-1B gTo
yKa3bIBaeT Ha BO3MOXKHYIO poiib TMB TpoMOOIIMTOB B BOCHAIUTENBHBIX PEAKIIHIX
[34,74]. Tpombouutel conepxkar MPHK, wmukpoPHK, mony4enHsie ot
METraKapuoIMTOB, M COOCTBEHHBIM TPAHCIAIMOHHBIN ammapaT [JIsi CHHTE3a
BCIIECTB, HEOOXOIAMMBIX JJISi TEMOCTATHYCCKMX M HUMMYHHBIX peakmuid [118].
TpombouuTh ciocoOHs! nepenasatb MUKpoPHK cBoMM BHEKIIETOUHBIM BE3UKYJIaM
[190]. Beuto mpoaemoHcTpupoBano, uro MukpoPHK 126-3p (miR-126-3) T™MB
nocrapisieTcs: Makpodaram uenoBeka. [lannas manas spepHas PHK cnocobna
peryaupoBaTh 3Kcrpeccuto reHoB Makpodara [108,174]. Beuto mokazaHo, 4TO
npyras MukpoPHK, conepxamasici B TpoMOOIMTapHBIX 3K30coMax, MIR-223,
CrocoOHa MPEensATCTBOBATh CUHTE3Y MHTEpJeHKUHOB B DK, TeM caMbiM IpOsBIISs
MIPOTUBOBOCTIATIUTENBHBIN 3P PEeKT, a Takke cHIKaTh dKcrpeccuio ICAM-1 na DK
In Vitro, ciaeacTBreM vero ObLTa CHIDKEHHas aaresus aciikoruros k DK [190].
MWUKpOBE3UKYJIBI MOTYT OKa3blBaTb CBOM d(G(deKT Kak B  JOKAIbHOM
MUKPOOKPY>KEHUH, TaK M MEepeMeIasch Ha OTHOCHTEIBHO OOJBIINE PACCTOSHUS
[15]. HocTaBka conepKUMOTO BHEKIICTOYHBIX BE3UKYJI BO3MOXHA ITyTEM IPOCTOTO
CIIUAHUSA MeMOpaH, KJIATPUHOBBIM MJIM KaBEOJMHOBBIM HHIOIMTO30M IIEJIEBOI
kiaetkori [141]. MuKpoBe3UKyJbl TPOMOOIMTOB CIOCOOHBI M3MCHSTH (PEHOTHIT
KJIETOK, ¥ TAaKUM 00pa3oM peann3oBbIBaTh CBOU GyHKIIMKA. TMB 3aieiicTBoBaHbI He
TOJIBKO B KOATYJISIUHU, HO U APYTHX TMpolieccax, HapuMep, B UMMYHHBIX PEaKIIHsIX
U, TPEANOJIOKHUTEIIbHO, aHrHoreHe3e. Takke TpPOMOOLMTApHbIE BHEKJIETOUYHbBIE
BE3UKYJIbl MOTYT OBITH 3a/ICWCTBOBAHBI MPU PA3HBIX MATOJOTHUAX, B TOM YHCIIE
npeskiamicu [1, 6, 46].

6. B3aumopeiicrBue TpomoouuTapHbix MB ¢ 3H10TEeIHATBHBIMU KJIETKAMHU
[lepBonauanbHo posib TMB Obuta mokazana B TpomOooOpazoBanuu. MmMeroTcs
JTAaHHBIE KaK O MPOKOAryJSHTHOM akTUBHOCTH TMB (mpuyem oHa 3HAYUTENIHHO
NPEBBIIIACT TAKOBYIO CAMUX TPOMOOITUTOB), TaK U aHTHKOATyJISHTHOU [64, 181]. B
HACTOAIIEE BpeMs OYEBHAHO HX YydYacThe B pPa3HOOOpPa3HBIX IMpoleccax.
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[ToBbilieHHbI ypoBeHb MB B mepudepudeckoii KpoBH OTMEUAETCs TPU Psjie
MATOJIOTMYECKNX  COCTOSIHMI:  ocTpoM  WHpapKTe MHOKapaa, auadere,
aTepoTpoM003€ M JPYrHX CEpACUYHO-COCYIUCTBHIX TMAaTOJIOTUAX, THUIEPTEH3UH,
NOPEdKJIAMIICU  OEpeMEHHBIX, METa00JIMYEeCKOM  CHHApPOME,  HMH(EKIHsX,
AyTOMMMYHHBIX M OHKOJIOTHYECKHX matojiorusx [121,163]. MuKpOBE3HKYIIHI,
YYaCTBYIOIIME B MAaTOTE€HE3€ MPEIKIAMIICHH, UMEIOT pazHoe npoucxoxaenue (DK,
TPOMOOILIUTHI, CHUHIUTHOTPO(POOIACT), HO OTMEUAECTCS 3HAUYUTEIHHOE CHUKCHHE
coJiepkaHusi UMEHHO TMB B KpOBOTOKE JKEHILMHBI, YTO BEPOSITHO CBA3aHO C
aTOreHE30M PHI0TenuanbHON quchyHkiun [209]. DumoTenuanbHas aucdyHKIHsS
COMPOBOXK/IAET W MHOTHUE CEPACUHO-COCYIUCThIE MaToNOruu. Takum oOpazom,
nupKyiupyiomue MB  MoryT SBISTBCS BaXXKHBIM MapKepoOM U MEIUaTOpOM
AHAOTETUATBHONU TUCHYHKIIUH.

TMB MoryT oka3bIBaTh AEHCTBHE HA PA3IMYHbIC KJIETKH HECKOJIBKUMU CIIOCOOAMHU:
aKTUBHPYS MOBEPXHOCTHBIE PELENTOPHI, NEPEHOCS MOBEPXHOCTHBIE MOJIEKYJIbI Ha
KJIETKY-PELIUIIUEHT, a TakKe JOCTaBJsisl BHYTPEHHEE COJECPKUMOE BE3UKYJI B
KiaeTky-perunuert [63]. Tlpu 3ToM Tmociae TOMIOMICHUS AHAOTSIHATLHBIMA
KietkaMu TMB mnpucoenussrorcs k 3HAOCOMaM M juzocomMam OK, a He K
TTa3MaTHIeckoi MmemOpane [67].

HeiictBue TMB B oTHOmeHnn OK pa3HO00pa3HO — OHKM MOTYT CIOCOOCTBOBATh WIIU
NPENSTCTBOBATh BOCHAJIEHUIO, aHTMOTEHE3Yy, PAa3BUTHIO OKCHJIATUBHOIO CTpecca.
TMB aKkTUBHO CTUMYJIMPYIOT aHTHOT€HE3 MOCPEACTBOM COAEPXKAIIUMUCA B HHUX
menuatopoB  VEGF, bFGF, PDGF [31], crumynupyroT (epMEHTaTUBHYIO
aktuBHocTb MMP-2 OK, mpoaykuuto NO, npomudepanuio, murpanuio K u
oOpasoBaHKe TPYOOK COCY/IOB, MpensaTcTByoT anmonrto3y DK [31, 103, 105, 121, 131,
162, 163], npudem >Tu 3G HEKThI 3aBUCAT B 3HAYUTEIBHON CTEIICHH U OT JIUITUIHOM
cocrapisironieit MB [105]. B uwactHOCTH, apaxuI0oHOBas KHCIIOTA MPEMSITCTBYET
aronTo3y U cTUuMyaupyeT npoiudepanuro OK [29, 63].

OOHOBPEMEHHO OIKCAaHbl MEXaHU3Mbl HETaTUBHOrO BiIMsSHUSA TMB Ha cocrosiHue
DHAOTENUAIBHON BBICTUIIKM cOCyn0B. Tak TMB 310pOBBIX TOHOPOB CTUMYJIUPYIOT
cekpermio DK mutokunoB IL-6, IL-8, skcnipeccuro aare3nonusix Mmonekyn ICAM-
1, VCAM-1, E-cenektnna Ha OK, anresmoHHbix mosiekyn cemeirictBa CDI1 nHa
MOHOIIUTAaX, CHOCOOCTBYSI TAKUM 00pa3oM ajare3nu MOHOUUTOB K DK u pazButuio
Bocraiieaus [29, 63]. TMB mamueHTOB ¢ MH()APKTOM MHOKapla CTUMYJIHPYIOT
npoaykuuto DK cynepokcuanoro anuona, axcrpeccuto [L-6, TNFa, u dpakropa NF-
kB, cTUMynupys TakuM 00pa3oM OKCHIATHBHBIN cTpecc W Bocmaienue [29, 63].
RANTES B cocraBe TMB cnoco0cTtByeT (hOpMHUPOBAHHUIO aTEPOCKIEPOTHUUECKHUX
OJIsIIIeK HA SHIOTEIIMU U PEKPYTUHTY JieikonuToB [121]. OnHuM U3 MexaHH3MOB
BO3/eiicTBIs MB Ha MHAYKIMIO SHAOTENNATBHON TUCHYHKIUH SIBISETCS CHHYKEHUE
akTuBHOCTH NO-cunTassl [121]. Takum 00pa3oM, B YCIIOBUAX Pa3BUTHS MMATOJIOTHH,
TMB  moryr cnocobcTBOoBaTh  (DOPMHPOBAHHUIO  MPO-BOCHAIUTENIBHOIO U
nporpomboTuyeckoro penorumna IK.

3HaYUTEIbHBIN BKJIaJ B (PYHKIMOHAIBHYIO akTUBHOCTH TMB B oTHomennun DK
BHOCAT Koaupyromme u Hekoaupyromme MPHK, copepxkamuecs B TMB B
3HAYUTEIBHOM KoJjmuecTBe [76,163, 177]. B Hacrosimuii MOMEHT BBISIBJICHA POJIb
HekoTopblx MUKpOPHK kak B moajepkaHMM HOPMaJIbHOTO (DYHKIIMOHAJIBLHOTO
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cocrosinug OK, Tak u B pa3Butum nartosioruil. CaMbIMM MHOTOYMCIEHHBIMU
MukpoPHK B coctaBe TMB siBsitotcst miR-142, miR-223, let-7 cemetlictBo, miR-
185, miR-126, miR-103, miR-142-3p u miR-92a [166]. Taxxke TpomMOOIUTapHEIC
Be3WKyJbl coxepkar miR-140, miR-221, miR-222, miR-296, miR-96,
perynupymoiye auruoretes npu nonaaannu B OK. Ctumynupyromuit apdext TMB
Ha npoaudepannio 1 murpanuio K accormmupoBaH ¢ pocToM coaepkanus miR-126
Y IPOAHTUOTCHHBIX (pakTOpoB B akTHBHpOBaHHBIX TMB [189]. MiR-let-7a B cocTase
TMB nonasnsger cunte3 tTpombocnonanHa B DK, 4yTo cTumMynupyeTr oOpa3oBaHue
umMu Tpyook cocymoB [177]. C apyroit croponbl, miR-96 u miR-26a T™MB
cnenuuyecku MHruOUpyroT TpaHcusiuio P-cenektnna m PDGFR B HUVEC,
npensTcTBys murpaiuu OK, oOpa3zoBaHuI0 TPYyOOK COCYZOB U PaHO3aKUBIICHUIO
[229]. [Tepenoc miR-142-3p u3 TMB B DK BBI3bIBaCT aHOMATBHYIO PO (PEPAIHIO
DK ® crnocoOCTBYeT pa3BUTHIO OJHAOTEIHAIbHOW muchynkumu [18, 177].
Kommiekcel Ago2—-miR-223 [166] B cocraBe TMB perymupyet skcnpeccuio DK
peuenrtopa uncyauH-nogao0Horo ¢gakropa 1 (IFGIR), crumynupytot anonto3 9K u
uHrnoupyot anruorenes [20, 63, 166, 177]. Pons mukpoPHK B cocraBe TMB B
pPa3BUTHU OMYXOJIEH Tak)Ke HeoJaHO3HAaUHA. CTUMYJIISINS aHTHOTEHE3a U YCUIICHHE
npoauQepaTUBHON U MHBAa3UBHOM aKTUBHOCTH OITyXOJIEBBIX KJIETOK MO/ ICHCTBUEM
TMB [95] crocoOcTBYrOT pa3BuThiO omyxojid. OJHOBPEMEHHO €CTh JaHHBIC O
CTUMYJIMpYIOIEM AcicTBUA TMB Ha amnonrto3 OmyXoJ€BBIX KJIETOK, YTO MOKET
BHOCHUTH BKJIaJ] B OrpaHuueHue omyxosneBoro pocra [111]. CocraB mukpoPHK B
TMB BapuabeneH: npoBocnanuTeNnbHble (TpoMOONOATHH, TpomOuH, TNF-a) u
IPOTUBOBOCTIAJIUTENbHBIE (aJIEHO3UH) MEAUATOPHI CIIOCOOCTBYIOT (HOPMHUPOBAHUIO
paszmmuHbix 1O coctaBy MukpoPHK wmmkposesukyn [177]. Hemocrarounoe
NOHMMaHHE MEXaHU3MOB peryisiuuu ynakoBku MUKpoPHK B MB npensitctByer
ucrnosib3oBanuto TMB B kauecTBe cpenicTBa nzduparenbHon noctaBku MUKpoPHK B
KIIETKH.

AKTHBaIMs BHYyTPUKIIETOUHBIX MEXaHU3MOB PETYIISALNU TpoMOoruTamu 1 ux MB B
KJIETKaX-MUIICHSIX, B ToM uncie U B DK sBISAIOTCA MpeaMEeTOM HHTEHCHBHOTO
n3yuenns (Tabmwma 3) [124]. KiroueByro pojib B peaM3alli OHOJOTHYCCKHX
abpdextoB MB mocne ux mnoriomeHus kKieTKoh-peuunueHtoM urpaer PI3K
CUTHAJBHBIN MYyThb. OKCHpecCUpoBaHHble B MuKpoBesdukynax FasL m TRAIL
PEryJIMpPYIOT amomnTo3 KIEeTKU-MHIIeHH. Takue sineMeHtel TMB, kak GPlba,
GPIIb/lla, P-cenextun m CD40L akTuBUpYIOT B KieTKe-muiieHH nyTh NFkB,
PEryJINPYIOIINI MHOTHE IPOLIECCHI B KJICTKE, B TOM yHncIie BocrnaneHue [124]. PI3K-
Akt curHanbHbBIN MyTh KOHTPOJIUPYET apXUTEKTYPy (PUiIaMEHTOB IUTOCKENIETa U €€
MEPECTPONKY, yYacTBYyeT B peryisaiuu nponudepannn, audhepeHIIupOoBKH,
arornTo3a M TPAHCIOPTa TJIIOKO3bI B KIETKY. AKTHBAIMIO 3TOTO MYyTH MOTYT
uaunuuposath MuUKpoPHK, conepxkammecs B MB [124]. TlpoaHruoreHHbie
koMnoHeHTsl TMB akTuBHpyrotr B OK BHyTpuKieTouHble MecceHkepsl Src, PI3K
u ERK curnanenbeie iyt [31,121]. AktuBHOCT NO-cuHTa3bl DK, siBistomeiics
BaXHBIM PETyJSITOPOM aHTHOTEHE3a, KOHTPOJMPYETCS TaKuMH (GEepMEHTaMU
BHYTpHKJIeTOUHOrO curHanuura, kak ERK1/2, PI3K, NFkB [121,124]. B camux
TpomOonutax U ux MB PI3K ywacTtByer B arperauvd TpOMOOIIMTOB U
(dbopMupoOBaHUK TPOMOA, BEICBOOOKICHUH KaJIbIUs, pealn3aiuy 3K301uTo3a [115].
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Jns  arperauu  TpoMmOonuToB BceneAcTBUe cBs3biBaHus GPIba  snemenTtoB
TpoMOoLUTOB ¢ pudpunorenom, ¢ mosekyion K CLEC-2 kputuueckoe 3HaYeHHE
umeeT Syk kunHaza [33,176].

Takum oOpazom, coctaB TMB HeEOZHOpPOAEH M 3aBUCUT OT CIoco0a aKTHUBAIUU
TPOMOOIIMTOB. ITO, B CBOIO OYEpEellb, OMNPEACISIET HEOJHO3HAYHbIC, Kak
NPOAHTHOTCHHbIE, TaK W aHTHaHruoreHHesle, 3¢¢exkrsi TMB B oTHOmIEHUU
SHAOTEIUS.

6 3akar0ouenue

B 3akimtoueHne HEOOXOAMMO OTMETUTh XOPOIIO OMUCAHHYI0 K HACTOAIEMY
BPEMEHHU POJIb TPOMOOIIMTOB B MOJIJIEP’KAHUHM TOMEOCTa3a COCYUCTOTO pycia U UX
TpOMOOTeHHBIN MOTEHIMaN. BMecTe ¢ TeM, CTOUT TakX e 3a0CTPUTh BHUMAHUE Ha
pPEryJsiTOpHOM aKTUBHOCTH TPOMOOIIMTOB 3a CUET SKCHPECCHH HMH HIMPOKOIrO
CIEKTpa TOBEPXHOCTHBIX PELENTOPOB M COAEpKAHMS OONBIIOrO KOJUYECTBA
LIUTOKWHOB C ONIO3UTHBIM 3(P(PEKTOM B OTHOIICHUH KJIETKU-MUIIEHU: IPO- U aHTH-
aHTMOTEHHBIE, MPO- U aHTUBOCHAJIUTENbHbIE. B CBA3M C 3TUM, B 3aBUCUMOCTU OT
CUTHAJIOB MUKPOOKPYKEHUSI TPOMOOLIUTHI MOTYT y4aCTBOBATh KAK B CTUMYJISILIUH,
TaK U B IMOJABJICHUU aHTHOT€HE3a.

TpombommTapusie MB, mnpeacraBisitonue co0oil Hambojee pacnpoCTPaHEHHbBIN
TUIT BHEKJIETOYHBIX BE3HMKYJI IJIa3Mbl KPOBH, SIBJISIOTCS JTIOBOJIBHO T'€TEPOre€HHOU
NOMYJISIMEN, UTPAIOIIEH BaXXHYIO pOJb B PETyJSIMUM TeMOCTa3a, aHTHOIeHEe3a,
npouecce TpomOooOpa3zoBaHus. OHM coJepkaT B CBOEM COCTaBE pa3iIMYHbIC
OMOJIOTMYECKH aKTUBHbBIE BEIIECTBA, CINOCOOHBIE HampsAMyl BiausATh Ha OK
U3MeHssT uX cBoiicTBa ©  (QyHkuuu. TpomOorutapueie MB  coxpasstor
¢deHoTunuyeckue OcoOEHHOCTH, npucymue TpomoOouutam. Ilpu s3TomM B
3aBHCHUMOCTH OT MHUKPOOKPYKEHHUSI TPOMOOIUT 0OpasyeT pasHble MO (PeHOTHIY,
coctaBy u (yHkImoHanbHOM Harpy3ke TMB. Bepositno, TMB sBusitorcs
JOTIOJTHUTENBHBIM 3()(PEKTUBHBIM CITOCOOOM MX B3aUMOJICHCTBUS C OKPY N AIOLIUMU
kietkamu. Ho BapuabenbHOCTh 3 dekToB TpoMOOLMTOB M UX MB, pa3sHooOpaszue
3aJ1IeiCTBOBAHHBIX BHYTPUKJIETOUHBIX MEXaHU3MOB B COYETAHUU C HEAOCTATOUHOM
MCCJIEIOBAHHOCTBIO 3TUX ACHEKTOB, AENAIOT 3aTPYJHUTEIbHBIM UX MPAKTUYECKON
WCIIOJIb30BAaHUE B HACTOSIIEE BpeMs. AHTHMOTE€HE3 B CBOK OYEpEdb SIBISIETCS
CJI0KHO-CKOOPAMHUPOBAHHBIM OMOJIOTMYECKUM MPOLIECCOM, B PETYJISIIUU KOTOPOTO
3aJIeCTBOBAHbl KJIETKH Pa3IU4YHOW MPUPOABI U pa3HOOOpa3Hble MeauaTopbl. B
CBSI3M C 3THUM HEOOXOAMMBI JajbHEHIINE HCCIEIOBaHMS ISl BBISABICHUS POJIH
TpoMOOoLXTOB U X MB MexaHu3Max nojiepkaHusi FoMeocTa3a CoCy JUCTOro pyciia
Y aHTMOI'€HE3€ B HOPME U MPHU MATOJIOTHH.
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TABJINLbI

Ta6anua 1. HexoTopble penenTopbl TPOMOOIIUTOB U UX JIMTAH/IBI.
Table 1. Some platelet receptors and its ligands.

Peuenrop
TPOMOOLIMTA

Platelet
receptor

Jlurang

Ligand

PesyabTar
JIMTAHA0M

Result of interaction

B3aHMOHeﬁCTBHﬂ C

MouiekyJibl aAre3un

Adhesion molecules

P-cenextuu
(CD62p)

P-selectin

PSGL-1 (CD162)

Anresns x OK, nefikonuram

Adhesion to endothelial

leukocytes

cells,

GPIb (CD42b)

VWEF, xommaren

VWEF, collagen

AJre3ust K CyOsHIOTEIINI0

Adhesion to subendothelium

GPIV Kosnaren AJre3ust K CyOdHIOTEIINIO
Collagen Adhesion to subendothelium
GPlIbllla ®ubprHOTEH, Anresus K CyOdHAOTEITUIO
(CDAL/CD61) dubporexit VIWF Adhesion to subendothelium
Fibrinogen, fibronectin,
VWF
GPlalla (VLA- | Komnaren Anre3ust K CyOdHIOTEIINUI0
2) Collagen Adhesion to subendothelium
VLA-5 (a5p1) | ®ubpoHekTHH Anresus K CyO3HIOTEIHIO
Fibronectin Adhesion to subendothelium
VLA-6 (a6p1) | JlamuauH Anre3us K CyOdHIOTETHIO
Laminin Adhesion to subendothelium

Toll-mogo6HbIe penenTopbl

Toll-like receptors
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TLR1

IlaToren-
aCCOLIMUPOBAHHbBIC
MaTTEPHBI

Pathogen-associated
patterns

AKTHBAIMS TPOMOOITUTA, arperanus

Platelet activation, aggregation

TLR2 [TaToren- AKTuBams TPOMOOIIHUTA,
aCCOLIMMPOBAHHBIE oOpa3oBaHue TPOMOOIUTAPHO-
MaTTEPHBI JICHKOITUTAPHBIX KOMIUIEKCOB
Pathogen-associated Platelet activation, platelet-
patterns leukocyte complex formation

TLR4 [TaToren- AKTHBaIMs TpoMOOIIUTA
aCCOIIMMPOBAHHbIE —
MATTEpHbI Platelet activation
Pathogen-associated
patterns

TLR6 ITaToren- AKTHBaIMs TpoMOOILIUTA
aCCOIIMMPOBAHHbIE o
MATTEpHbI Platelet activation

Pathogen-associated
patterns

PeHeHTOpr HIUTOKHHOB U XCEMOKHHOB

Cytokines and chemokines receptors

CXCR4

SDF-1

AKTUBaLMS, arperamusi, aare3us

Activation, aggregation, adhesion

CXCR6

CXCL16

AKTHBaIMs TPOMOOIIUTOB, aAre3us

Platelet activation, adhesion

CXCRY

CXCL11, SDF-1

CursHai K BBDKMBaHHUIO TPOMOOIIUTA,
aKTUBAIU

Platelet survival, activation

CCR1

CCL3, CCL5, CCLY

AKTHUBaLUS TPOMOOIIUTOB,

arperamus

Platelet activation, aggregation
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CCR3

CCL5, CCLY

AKTHBaIusg
arperarus

TPOMOOITUTOB,

Platelet activation, aggregation

CCR4 CCL17, CCL22 AKTuBams TPOMOOIIUTOB,
arperanus
Platelet activation, aggregation
CX3CR1 dpakTalIKuH AKTUBAIMS TPOMOOILIMTOB, aAre3ust
Fractalkine Platelet activation, adhesion

Jpyrue peuentopsl

Other receptors

FcyRITA Fc-gparMenTh! aHTUTEN | AKTUBAILMS TPOMOOIIUTA
Antibody Fc-fragments | Platelet activation
PAR-1 TpomOuH AxTHuBanusa TpomOonuTa
thrombin Platelet activation
PAR-4 TpomOuH AKTHUBaIMs TpoMOOILIUTA
Thrombin Platelet activation
P,Y1 AJlD AKTHBaus TPOMOOIIUTOB,
ADP arperaus
Platelet activation, aggregation
PoY 12 AJl® Koctumynsius aKTHUBAaIH,
ADP arperaius TpoMOOIHTa
Platelet  costimulation, platelet

aggregation
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Ta6auna 2. Dxcipeccust 0€7IKOB HAa MEMOpPaHE W B COCTAaBE TPAHYJI TPOMOOIIUTOB
Table 2. Platelet granules surface proteins and its inner proteins.

granules)

Tun MeMOpanHbIe CocraB rpanyn
TpaHys Oenku
Granules’ content
Granule Surface proteins
type
a-rpanyis | CD62p, CXCL1 (GRO-a), CXCL4 (PF4), CXCL4L1
GPllbllla, CD36, | (PF4alt), CXCL5 (ENA-78), CXCL7 (PBP),
a-granules | cpg. CD31, | CXCL8 (IL-8), CXCL12 (SDF-1a), CXCL14
OCTEOHEKTHH (BRAK), CXCL16, CCL2 (MCP-1), CCL3
. (MIP-10), CCL5 (RANTES), CCL7 (MCP-3),
ostonectin CCL8 (MCP-2), CCL15, CCL17 (TARC),
CCL18 (PARK), IL-1B, IL-la, EGF, HGF,
bFGF, TGF, IGF, PDGF, VEGF,
agruocratud, sHuocratnd, GM-CSF, TSP-1,
daxtop V, BTG, HRGP, nmnazmunoren, PAI 1,
al-PlI, TFPI, VvWF, xonapoutnH-cyiabdar,
(GUOpPOHEKTHH, BUTPOHEKTHH, P-celeKkTuH,
CDA40L, B-nedencun
Angiostatin, endostatin, factor V, plasminogen,
chondroitin sulfate, fibronectin, vitronectin, P-
selectin, B-defensin
miotHele 0- | CD63, LAMP2, | Ceporonun, rucramus, AJ[D, AT
FPATyIIH CDb2p Serotonin, histamine, ADP, ATP
dense  6-
granules
m3ocombl | LAMPL, LAMP2, | Dunornuko3ngasa, B-ramakTo3ugasa, B-
(- CD63 TJIIOKYPOHHIA32
rpasty o) Endoglycosidase, B-galactosidase, B-
lysosomes glucuronidase
(A-

23



Ta6muua 3. CurHaneHble MyTH, akTUBHpYeMble B DK Ipu BO3AEMCTBUM HA HUX
KOMIIOHEHTOB TPaHyJ TPOMOOIIUTOB.
Table 3. Signaling pathways, activated in endothelial cell in response to components
of platelet granules.

related protein ),

EphA2, GPCR

dakTop PenenTop na 9K Odadexr, CUrHaJbHbIM
;gzi}éiumo Endothelial cell receptor gﬁBHBaeMHH e H?’TB _
B Signaling
Effect on | pathway
Platelet endothelial cell
granule
factor
CXCL1 CXCR2 Crumynupyer ERK1/2
(GRO-a) aQHTHOTCHE3
(coBMeECTHO c
TPOMOUHOM),
IIOBBIIIIACT
skcrpeccuro  OK
CDa31, Ang2,
VEGF, KDR,
MMP-1, MMP-2,
EGF.
Angiogenesis
stimulation (in
combination with
thrombin),
increases
expression of
CD31, Ang2,
VEGF, KDR,
MMP-1, MMP-2,
EGF
CXCL4 CXCR3 (CXCR3A wu |HWuaymupyer NF-xB
(PF4) CXCR3B), LRP | skcripeccuro  P-
(Lipoprotein receptor- | selectin, P38a MAPK

TIOJIaBIISIET
MUTPAITAO
TIOJIaBIISIET
aHTHOTEHE3,
TIOJIaBIISIET
dbopmupoBaHue
TpyOOK COCY/IOB,
UHTHOUPYET

IK,

Pras40 , PI3K/Akt
p21Cip1/WAF1
cdk2

51
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npoaudeparuio
oK, HapyIlIaeT
nericteue Ha OK
VEGF u ppyrux
POCTOBBIX
bakTopoB,
UHTUOUpPYET
bFGF- u EGF-
WHIYIIMPOBAHHYIO
npoJindeparuio
OK

Crumynupyer
skcnpeccuto  E-
CEJICKTUH

Induces P-selectin
expression, down-
regulates
endothelial  cells
migration, down-
regulates  vessel
tube  formation,
inhibits
endothelial  cells
proliferation,
invades VEGF and
other growth
factor effect on
endothelial cell

Inhibits bFGF and
EGF-inducible
proliferation  of
endothelial cells

Stimulates
expression of E-
selectin

CXCLA4L1
(PF4alt)

CXCR3
CXCR3B)

(CXCR3A

n

AHIMOCTaTUYECKO
e JICHCTBUE,
MOIABJISCT
IIPOAHTUOTEHHOU
JICUCTBUE

CXCL12 Ha

p38 MAPK
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mumpatna DK,
TIO/TaBJISICT
dbopmupoBaHue
TpyOOK COCYIIOB,
UHIYITUPYET
xeMoknHe3 JK.

Angiostatic effect,
invades
proangiogenic
effect of CXCL12
on lymphatic
endothelium,
invades vessel
tube  formation,
induces
chemokinesis  of
endothelial cells

CXCL5
(ENA-78)

CXCR2

Crumynupyer
nposidepaluto,
murpamuo  OK,
dbopmupoBaHue
TpyOOK  COCYJIOB,
CTUMYJIUPYET
npoaykuuto DK
VEGFA.

Stimulates
proliferation,
migration of
endothelial  cells
and vessel tube
formation.

Stimulates
production of
VEGFA by
endothelial cells

AKT/NF-xB

CXCLY
(PBP)

CXCR1, CXCR2

JlanHb1e
MPOTUBOPECUUBHI.
CnocoOcTByer
MTOBPEXKICHUIO
3HJIOTEJINATIBHOU
BBICTUJIKH

PIBK/AKT/mTO
R

26



COCY/JIOB,
IIOIABJISIET
npoaykiuo  NO,
eNOS, mnapymmaer
aJIre3uIo 0K,
yBEIINYUBACT
MIPOHUIIAEMOCTh
SHAOTEIHAILHON
BBICTHJIKHU
COCY/IOB. C
JIPYroil CTOPOHBI,
MIPOAHTUOTCHHBIM
daxTop,
CTHMYJIUPYET
AHTHOTI'CHE3;
CTUMYJIUPYET

g depeHurnpoBK
y
MPEIIIECTBEHHUK
OB
SHIOTCINAIBHBIX
ki1eTok B DK u ux
PEKTYTHHT B
CTPYKTYPYv
COCYIUCTOU
CTEHKH

Conflicting data.
Promotes
endothelium
damage, down-
regulates NO
production, enOS.
Down-regulates
endothelial  cell
adhesion,
increases  vessel
permeability. At
the same time,
PBP can stimulate
angiogenesis by
stimulating
differentiation of
endothelial  cell
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precusors,  their
recruitment.
CXCL-8 Syndecan 4 Crumyiapyer CXCRL1: Coupled
(IL8) nponudeparuio, | to Gi, G, Rho/Rho
CXCR1, CXCR2 IePECTPOUKY Kinase,
mutockeiaera  u | Phospholipase D
murpamo  OK,
(bOpIIz/II/Ei)OBaHI/Ie tcc:)X((:BIin: Gcoué)gze}g
TpyOOK COCY/IOB. 12, PI-3K,
Stimulates Rac/PAK
proliferation and
migration of
endothelial cells,
cytoskeleton
reorganization,
vessel tube
formation.
CXCL12(S |CXCR4 Ctumynsius ERK1/2, PI3K,
DF-1a) nponudepanuu ¥ | HOHHbIE Ca?*-
MUTpaLAU OK, | 3aBUCUMBIC
dbopmupoBaHUs KaHaJIbl
TpyOOK COCYIOB,
CIT)ZMYMHM YA _Ca2+-dependent
skcnpeccan DK ion channels
VEGF, bFGF, IL-
8, ICAM-1
Stimulates
proliferation and
migration of
endothelial cells,
vessel tube
formation.
Stimulates
expression of
VEGF, bFGF, IL-
8 and ICAM-1 by
endothelial cells.
CXCL14 CXCR4, CXCR7 —|UWurubupyer
(BRAK) kopetentop (co-receptor) | murpammo  OK,
CBA3BIBACTCS C

FGF 17
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peIoTBpallacT
€ro  CBSI3bIBAaHUE
co

crienu(puyecKuMu
R na OK

Inhibits migration
of endothelial
cells, binds FGF
and blocks its
specific  binding
with its receptors
on endothelial
cells

CXCL16

CXCRG6

Crumynupyer
npoaudepanuio,
murpanuo IK wu
PEIIECTBEHHUK
OB oK,
dbopmupoBaHue
TpyOOK  COCYJIOB,
CTUMYJIAPYET
KU3HECIIOCOOHOCT
b oK 5
IPETATCTBYET
aronTo3y oK,
CTUMYJIUPYET
npoaykmuo HIF-
la, CXCL16

Stimulates
proliferation and
migration of
endothelial cells
and its precursors,
vessel tube
formation;
stimulates survival
of endothelial cells
and prevents their
apoptosis;
stimulates
production of
HIF-1a, CXCL16

ERK1/2, Akt, p38
pathways and
HIF-1a
modulation

PKA/CREB and
PI3K—  AKT-
GSK3p
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CCL2
(MCP-1)

CCR2

Crumynupyer
(dopmupoBanue
TpyOOK COCY/IOB,
NIEPECTPOUKY
AKTUHOBOTO
nutockiera DK n
KOMILJIEKCOB
IJIOTHBIX
MEXKJIETOUHBIX
KOHTaKTOB,
yBEJIMYHUBACT
ITPOHUIIAEMOCTh
SHJIOTEIINATBHOU
BBICTHUIIKH,
CTUMYJIAPYET
murpamuto K

Stimulates vessel
tube  formation,
actin cytoskeleton
reorganization and
tight junction
complexes
reorganization;
increases  blood
vessels
permeability;
stimulates
migration of
endothelial cells.

Endoplasmic
reticulum  stress
marker - Grp78,
autophagy marker
- Beclin-1,

GTPase
Rho

small
RhoA,
kinase,

PI3K,
p42/44ERK 1/2

CCL5
(RANTES)

CCR1 and CCRS5, and
heparan sulfate
proteoglycans, SDC1,
SDC-4 or CD-44

Crumynupyer
npoaudepanuio,
MUTPAIAIO "
pacriacThIBaHHUE
oK,
dbopmupoBaHue
COCYIUCTOM CETH
(in Vivo),
CTUMYJIHPYET
AKCIIPECCUIO
MMP-9,
y4acTBYET B
dbopmupoBaHUU
aTepOCKJIEPOTHYE

PKCa nyTh
PKCa pathway
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CKHX OJISIIIIEK,
UHIYIIUPYET
SHIOTENHATHEHYIO
TUChHYHKITHIO
(mepuBacKyJISIpHO
€ BOCITaJICHHE)

Stimulates
proliferation,
migration and
spreading of

endothelial cells.
Induces capillary
net formation in
vivo.  Stimulates
MMP-9
expression,
participates in
atherosclerosis.
Induces
endothelial
dysfunction
(perivascular
inflammation)

CCLY CCR1, CCR2, CCR3 JlaHHBIX He | JlaHHbBIX HE
0OHapyKEHO 0oOHapyXeHO
No data No data
BTG CHmxkaer JlaHHBIX HE
npoaykmuio PGl; | oOHapyxeHO
B OK, HE
OKa3bIBaCT No data
BJIIUSIHUA Ha
MPOAYKIUIO
IpOCTarjiaHInHA
Decreases
production of PG,
in endothelial
cells, does not
effect on
prostaglandin
production
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CCL15 CCRI Crumynupyer JAK, PI3K, and
3KCIIPECCUIO AKT
ICAM-1 DK
Stimulates
expression of
ICAM-1 in
endothelial cells
CCL17 CCR4 KonTtponupyer ERK1/2 MAPK
(TARC) nponudepanuo u
g hepeHInpOBK
y OK, ycunenue
nx aAre3mBHOCTU
oK JUIST
JIUM(GOITUTOB.
Controls
proliferation and
differentiation of
endothelial cells,
increases their
adhesion
capability towards
lymphocytes
CCL18 CCR8 Crumynupyer
(PARK) murparuio  OK,
dbopmupoBaHue
TpyOOK COCYI0B
Stimulates
migration of
endothelial cells
and their capacity
to form vessel
tubes
IL-1B IL-1R1 Oobnanmaet IL-1R1/IL-
npoanruoreHusiM | 1RACP,
JICUCTBUEM,
—— p38 MAPK,
JKCIIPECCHUIO NF«kB.
VEGF DK,
UHIYIUPYET

npoaykuuto  OK
bFGF, 4TO
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CIOCOOCTBYET
SMIUTEINANBHO-
Me3€HXNMAaJIbHO!
TpaHchOpMaInH;
YCUJIUBAET
MIPOHHUIIAEMOCTD
COCYyJIOB 3a CHYET
1oTepU oK
MOJIEKYJI
MEXKKJICTOUYHOMH
aaresun [-catenin
and VE-cadherin

Has proangiogenic
effect, induces
VEGF production.
Induces bFGF
production by
endothelial  cells
that promotes
epithelial-
mesenchymal
transition;
increases  vessel
permeability due
to the loss of EC
intercellular
adhesion
molecules

EGF

EGFR

Crumynupyer
MUTPALHIO OK,
dbopmupoBaHue
TPyOOK COCY/I0B

Stimulates
endothelial  cells
migration, vessel
tube formation

PI3K, MAPK (
ERK1/2) and
eNOS

HGF

HGFR

c-met

Crumynupyer
nponudepanuo u
MUTPALHIO oK,
dbopmupoBaHue
TpyOOK  COCYJIOB,
CTUMYJIUPYET

FAK (focal
adhesion kinase),
ERK1/2, Racl
(small GTPase)
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AKCIIPECCUIO
MPHK NRP-1,
VEGF, PIGF,
TNFa, IL-6,
MMP-3,
CTUMYJTUPYET
AKCITPECCHIO
VEGFR wna 3K,
CITIOCOOCTBYET
VEGF-
OTIOCPETIOBAHHOM
y aHTUOTCHE3Yy

Stimulates
proliferation and
migration of
endothelial cells,
vessel tube
formation;
stimulates
expression of
NRP-1, VEGF,
PIGF, TNFa, IL-6,
MMP-3,
stimulates
expression of
VEGFR on
endothelial cells;
stimulates

angiogenesis.

bFGF

bFGFRI, bFGFRII

AHTHOTCHHBIN
dakrop, obnamgaer
MHMTOTCHHBIM
adexTom B
oTHomeHun DK,
yBEJIMYUBACT
IIPOHUIIAEMOCTD
COCY/JIOB,
CTUMYJIHPYET
paspylieHue
MEKKJIETOYHOTO

ERK-MAPK,
PLC-y/PKC, Ras.
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MaTpHKca
MaTpHKca

Angiogenic factor
with  mitogenic
effect; increases
vessel
permeability;
stimulates
extracellular
matrix destruction

IGF

IGF-1R

Crumynupyer
murpamuo  OK,
dbopmMupoBaHue
TpyOOK  COCYJIOB,
CTUMYJIHPYET
npoaykuuito DK
NO, VEGF,
MMP-2, MMP-9

Stimulates
endothelial  cell
migration, vessel
formation;
stimulates
production of NO,
VEGF, MMP-2,
MMP-9

p-Akt, MAPK,
protein Kkinase C,
P13, ERK

PDGF

PDGFR

AHTHOTEHHBIN
dakrop:
CTUMYJIUPYET
npoaudepanuio,
murpamuo  OK,
dbopmupoBaHue
TpyOOK cOCy10B

Angiogenic factor.

Stimulates
proliferation and
migration of

endothelial cells,

PDGFR-
p/talinl/FAK
KOMIIJICKC
(complex)
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vessel tube
formation

TGFB

ALK1

ALK5

Uepes penenrtop
ALK1
CTUMYJIUPYET
npoaudepauio,
MEXKIICTOYHOE
B3aHMMOJICHCTBUE,
B3aMMOJICHCTBHE C
MEKKJIETOYHBIM
MaTpPUKCOM,
dbopmupoBaHue
COCY/IOB.

Yepe3z penentop
ALKS5
UHTHOUPYET
nponudepanuo u
MUTPALHIO OK,
BBI3bIBAET
aroriro3 OK.

Crumynupyer
TpaHchOpMaIIIIO
KJIETOK B
MUO(PUOPOOIACTHI
WITH
ME3CHXHUMAaJIbHBIE
KJICTKH

Stimulates
proliferation
intercellular
interaction,
interaction  with
extracellular

matrix, blood
vessel formation
via ALK1;
Inhibits
proliferation and
migration of

endothelial cells
and causes

TGF  signaling:
TGFp
AKTHBHPYET
Smad-myts -
Smad2/3 wu He
OTHOCSINUECS K
Smad nymm -
PI3K,  MAPK-
YT  (ERK,
p38, JNK), PKC,
c-Abl, EphB2

TGFB  activates
Smad-pathway
Smad2/3 and not
related to Smad-
pathway - PI3K,
MAPK- TIYTU
(ERK, p38, JNK),
PKC, c-Abl,
EphB2
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apoptosis via
ALKS5.

VEGF

VEGFR1
VEFGR2
Neuropilin-1 (NRP-1)

AHTHOTreHHBIN
dakrtop:
CTUMYJIUPYET
npoaudepauio,
murpamuo  OK,
MPOHUIIAEMOCTh
COCY/IOB,
CTUMYJIUPYET
npoaykmuo  OK
MCP-1; gyepe3
VEGFR1
KOHTPOJIUPYET
nudepeHIupoBK
y W MUTPAIHIO
2K; yepes
peuenTop
VEGFR2
CTUMYJIUPYET
npoyiudepanuio
9K, 3alHUIIAET
OK ot amonTo3a;
CTUMYJIUPYET
MUTPAIIMOHHYIO
aKTUBHOCTE OK,
CTUMYJIUPYET
cuate3 NO DK,
CTUMYJIUPYET
Ba30/IMJIATAIIHIO,
CEKPELUIO oK
vWF; uepe3 NRP-
1  xoHTponupyer
murpamuo  OK,
CTUMYJIUPYET
AHTUOTEHE3,
CTUMYJIUPYET
anresuto OK.

Angiogenic factor.
Stimulates
proliferation,
migration of
endothelial  cells.

VEGFR1:
aktuBaius PLC-
Y, CHHEPTHU3M C
sabpdextamu  OT
VEGFR?2,
aKTUBAITUS
nposdepanuu,
MUTpALHH,
YBEITUYCHHE
KHU3HECTIOCOOHOC
TH.

VEGFR2:
phospholipase-Cy
(PLCy) (ERK1/2
My Th) -
nponudepanus u
murpanus  OK,
mudepeHITpoB
Ka M TOMeOoCTa3
OK;

PISK-AKT-
MTOR nyte -—
KU3HECIIOCOOHOC
Tb OK, perynsuus
BA30MOTOPHOM
aKTUBHOCTHU "
OapbepHOit
dbyHKIIUN
AeA0TENus;

PISK/AKT —
AHTHUOTCHE3,
Co3peBaHue
COCY/IOB,
MeTabomm3m DK

SRC —
aJIr€3UBHOCTD
DK,
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Increases

endothelium
permeability.
Stimulates
production of
MCP-1 by
endothelial cells.
Controls
differentiation and
migration of
endothelial  cells
via VEGFR.
Stimulates
proliferation,
survival of
endothelial  cells
via VEGFR2.
Stimulates
endothelial  cells
migration and NO
production.
Controls
migration and
adhesion via NRP-
1.

MIPOHUIIAEMOCTh
COCY/IOB;

small ~ GTPases
RHO, CDC42 u
RAC1 -
Mopdomorus
KJIETKH u
IIEpECTPOMKa
LUTOCKEJIETA,
perysius
aare3un u
MUTpaLUy;

p38 MAPK -
aHTHOTrEHE3,
’KH3HECIIOCOOHOC
b OK, Murpanus
OK U
MIPOHUIIAEMOCTh
COCY/IOB;

protein kinase C

(PKC) wu Ras/
Raf/ERK/MAPK
My TH,;

NRP-1: Pl-
3K/Akt , c
MOCJIEAY FOIIEN

aKTHBalUe P53,

FoxOs, p21,
aaresus qepes
NRP-1: NRP1-
ABL (RAD51
protein);

unaykius MCP-1
MPOUCXOIUT TIPHU
ydactum activator
protein-1

PI3K/Akt  (p53,
p21, FoxOl and
FoxO3a)
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VEGFRI1: PLC-y
activation,
synergism of
effect with
VEGFR2.
Activation of
migration,
proliferation,
survival.

VEGFR2:
proliferation,
migration,
differentiation
and homeostasis
of endothelial
cells.

PISK-AKT-
mTOR pathway -
endothelial cells
survival,
vasomotor
function
regulation.
PISK/AKT -
angiogenesis,
blood vessel
maturation,
endothelial cells
metabolism. SRC
- endothelium
adhesion, vessel
permeability.
small GTPase
Rho, CDC42 and
Racl -
cytoskeleton
reorganisation,
migration and
adhesion
regulation.  p38
MAPK -
angiogenesis,
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endothelium
survival,
endothelial cells
migration, vessel
permeability.
NRP1: PI3K/Akt
and p53, FoxOs,
p21 ativation
leads to adhesion.
MCP-1 induction
occurs with
activator protein-
1

MMPs

AHTHOTEHHBIN
dakrop:
JerpagaIus
MEXKIIETOUHOTO
MaTpHKCa,
aKTUBAITUA
POCTOBBIX
dakropos  (FGF,
HB-EGF, TGF,
IGF), ctumysnsitus
npoaudepanuu
DK (3da cuer
JTUCCOTTHAITIT
aJre3NOHHBIX
CBsI3el),
CTUMYJISITTHS
murpanun OK

Angiogenic factor.
Extracellular
matrix
degradation;
growth
activation,
endothelial
proliferation
migration.

factor

cells
and

PAR-1

AH”ruocratu
H

Karamutnueckasa
cyObeuHMIA

ATO-

AHTHAHTUOTEHHBI

i dakrop:
UHTUOUpYET

MUTPALHIO oK,

focal adhesion
kinase (FAK)
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Angiostatin

CHHTAa3bl, aHTHOMOTHH,
UHTETPHUH oVf3

Catalytic subunit of ATP-
sintase, angiomotin,
integrin avp3

UHTHOUPYET
CXCLS8 —
VHIYLIUPOBAHHBIN
AQHTHUOTECHE3
JAHJTYKITUS
aronrto3a DK

Antiangiogenic
effect. Inhibits
endothelial cells
migration and
CXCLS8-induced
angiogenesis.
Induces apoptosis
of endothelial
cells.

DHIIOCTATHUH

Endostatin

I'mukaue! 1- u 4, naMuHuH

u HYKJICOJINH;
VEGFR1,VEGFR2/KDR
[FIk1, VEGFR3

uHTerpunbl a5B1, a3pl,
aSB1, avB3 avps

Glycan 1- and 4-, laminin,
nucleolin; integrins.

AHTHAHTUOT€HHBI
i dakrtop:
UHTHOUPYET
VEGF- u bFGF-
WHIYIIHPOBAHHYIO
murpamuro  OK,
(dbopmHpoBaHUE
TpyOOK  COCYJIOB,
UHTUOUPYET
nposudepanuo u
MUTPAIAIO
TuM(paTHYECKUX
DK, crumynupyer
anonTo3 JOK.

Antiangiogenic
factor. Inhibits
VEGF- and bFGF-

induced
endothelial cells
migration, vessel
tube  formation;
inhibits
proliferation and
migration of
lymphatic
endothelial cells.

CHmxaet
AKCIPECCHIO
AHTHAIIONITOTUYEC
kux Oenkos Bcl-2
and Bcl-XL.

OHAO0CTATHH
o0namaeT
AT®aznon
AKTUBHOCTBIO  —
BOBJIEUEH B
aKTUBAITUIO Yepe3
1d1, 1d3,
MAPK/Erk, p38,
Src.

biokupyer
VEGF-
UHIYLIUPOBAHHY
10 aKTHBanwuio P38
MAPK u Erk.

Downregulated
antiapoptotic
proteins Bcl-2 and
bcl-XL.
Endostatin ~ has
APTase activity.
Blocks VEGF-
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Stimulates induced
apoptosis. activation of p38
MAPK/ETK.
TSP-1 Syndecan-4, LRP-1, | Uarubupyet Syndecan-4:
CD36, MHTETPHUH | IpoJudeparmio PKCa, Akt, wu
(integrin)  avp3, Bl | O3K,ctumymupyer | Wnt
VEGFR2, CD47 anoto3 DK.
CD36: Fyn, JNK,
UYepe3 Syndecan- | u p38MAPK
4. peryJupyer
anresuio OK. I/.IHTeFP HHBT
(integrins):
Yepes TSP1/LRP- | Erk1/2

1
BEICBOOOKICHHIE
MMPs u3
MaTpHUKca.

Yepes CD3e6:
WHITYKITAS
arfnoIro3a oK,
MO YIS
(yHKIIMOHUPOBAH
1561 VEGFR2,
WHTAOUIINS
murpanuu OK u
dbopmupoBaHUs

TpyOOK COCY/IOB.

Uepes avp3:
CTUMYJIHPYET
aJIre3HI0 u
xemortakcuc OK.

Uepes B1-
WHTETPUH:
UHTHOUPYET
MUTpaLUIo J.

Uepes CDA4r:
AHTUAHTUOTEHHBIN

s ekt

Via TOP 1/LR-1:
release of MMP
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from extracellular
matrix.

Via. CD  36:

induction of
endothelial  cells
apoptosis,
modulation of
VEGFR 2
functioning,
inhibition of
endothelial  cells
migration and
vessel tube
formation.

Via av33:
stimulates
adhesion and

chemotaxis of
endothelial cells.

Via Bl-integrin:
inhibits the
migration of
endothelial cells.

Via CDA4T:
antiangiogenic
effect

43



TUTYJbHBINA JIUCT METAJAHHBIE

baok 1. Uudopmanusi 060 aBTOpe 0TBETCTBEHHOM 32 MEPENUCKY

IlepeBsizkuna MapuHa AJiekceeBHA,

71a00paHT-UCCIIE0BATENb

Haseanne yupexnenns: @OIGHY «Hayyno-uccnenoBaTenbCkuii MHCTHUTYT
aKyuiepcTBa, TMHEKosiormu u penpoaykronorun umenn J1.O. Orra», CaHKT-
[TerepOypr, Poccus

aapec: 1. Cankt-IletepOypr, Menaeneerckas aunus, 31, 199034/

tenedon: 8(911)835-05-51

e-mail: marinaperevl7@mail.ru

Pereviazkina Marina Alekseevna laboratory assistant-researcher; D. Ott Research
Institute of Obstetrics, Gynecology and Reproductology, St. Petersburg, Russian
Federation;

St. Petersburg, Mendeleevskaya line, 3, 199034;

8(911)835-05-51

e-mail; marinaperevl7@mail.ru

Bbaok 2. Undopmanus 06 aBTopax

CrenanoBa O.W., mianmuil HayYyHbI COTPYAHUK J1a0OPATOPUH MEKKIETOUHBIX
B3aumojeiicteuiit ®I'bHY «HNUU AT'uP um. J1.0.0O1T1ay;

Stepanova Olga Igorevna®, Junior Research Associate, Laboratory of Intercellular

Interaction D. Ott Research Institute of Obstetrics, Gynecology and Reproductology

MapkoBa K.JI., muanmuii HaydHBIA COTPYIHHUK JTA0OPATOPUM MEKKIETOUHBIX
B3auMojieiictBuii ®I'BHY «HUM AT'uP um. /1.0.0OTTay;

Markova Ksenia Lvovna®, Junior Research Associate, Laboratory of Intercellular
Interaction D. Ott Research Institute of Obstetrics, Gynecology and Reproductology

44


mailto:marinaperev17@mail.ru
mailto:marinaperev17@mail.ru

CeabkoB Cepreii AJiekceeBHY, 1.M.H., npodeccop, 3.1.H. PD, 3aB.oTmemom
MMMYHOJIOTHM ¥ MEXKIEeTOoUHbIX B3aumozeiicteuii ®I'BHY «HUU AT'uP um.
J1.0.01Tay;

Selkov Sergey Alekseevich®, PhD, MD (Medicine), Professor, Honoured Science
Worker, Head of Department of Immunology and Intercellular Interactions D. Ott

Research Institute of Obstetrics, Gynecology and Reproductology

CoxouioB JI.H., nouent, 1.6.H., BeIymMid HAy4YHBIA COTPYIHHK JIaODOpaTOpHUH
MexkJeTouHbIx B3anmoaencTBui ®I'bHY «HUUW AT'uP um. J1.0.0OT1Tay, Beaymmi
HAy4YHbIM COTPYJHHUK JIabopaTopuu MOJIeKyJspHO ummyHonorun ®bYH HUU
AMUIEMUOJIOTUN U MUKpoOuoaoruu umenu [lacrepa.

Sokolov Dmitriy Igorevich™B, PhD, MD (Biology), Professor, Head of Laboratory of
Intercellular Interactions D. Ott Research Institute of Obstetrics, Gynecology and
Reproductology; Head of Laboratory of Molecular Immunology Saint-Petersburg

Pasteur Institute

BJok 3. MeTragaHHbBIE CTATHH

TPOMBOLIUTBI WU HNX MHUKPOBE3UKVYJIbl: ®EHOTUII, COCTAB,
BJIMSIHUE HA DHJIOTEJINN

PLATELETS AND PLATELET-DERIVED MICROVESICLES: PHENOTYPE,
CONTENT, IMPACT ON ENDOTHELIAL CELLS

CoxpalleHHOe Ha3BaHHE CTATHH JJIA BEPXHEro KOJIOHTHTY.1a:
TPOMBOLMUTLI 1 X MUKPOBE3UKYVYJIbI
PLATELETS AND ITS MICROVESICLES

KiroueBbie cjoBa: TpOMOONMTHI, BHEKIETOYHBIC BE3UKYJIbI, MUKPOBE3UKYIIHI,
SHAOT CHHﬁ, AHTHUOI'CHC3, CUTHAJIbHBIC ITYTH.

Keywords: platelets, extracellular vesicles, microvesicles, endothelium,
angiogenesis, signalling pathways.

O0630pHI.

KonuuectBo ctpanuil Tekcra — 14,

KommuecTBo Tabmui — 3,

KomuuectBo pucynkos — 0.
28.05.2024

45



CIIMCOK JIMTEPATYPBbI

ITopsinkos
bl HOMEP
CCBUIKH

ABTODBI, Ha3BaHHE
nyOJIUKaud U UCTOYHHKA,
raie oHa onyOJIMKOBaHa,
BBIXO/IHbIC TAHHBIC

®dUO, Ha3BaHUE
NyOJMKalM U UCTOYHUKA
Ha aHTJIMICKOM

[TonHe1 mHTEpHET-aIpeEC
cratbu wim ee doi

(URL) 1utupyemoint

Aatonen M., Gronholm
M.,Siljander P.R. Platelet-
derived microvesicles:
multitalented participants in
intercellular
communication. Semin
Thromb Hemost, 2012,
Vol.38, no 1, pp. 102-13

10.1055/s-0031-1300956

Abi-Younes S., Sauty A,
Mach F., Sukhova G.K,,
Libby P.Luster A.D. The
stromal cell-derived factor-1
chemokine is a potent
platelet  agonist  highly
expressed in atherosclerotic
plaques. Circ Res, 2000,
V0l.86, no 2, pp.

131-8. 10.1161/01.res.86.2.131

Adams T.E., Epa V.C,
Garrett T.P.,Ward C.W.
Structure and function of the

10.1007/PL00000744

46



type 1 insulin-like growth
factor receptor. Cell Mol
Life Sci, 2000, Vol.57, no 7,
pp. 1050-93.

Ager A.,Gordon J.L.
Influence of human beta-
thromboglobulin on
prostaglandin production by
pig aortic endothelial cells in
culture. Thromb Res, 1981,
Vol.24, no 1-2, pp. 95-103.

10.1016/0049-3848(81)90035-9

Ahmed T., Ramonett A.,
Kwak E.A., Kumar S,
Flores P.C., Ortiz H.R,
Langlais P.R., Hund T.J.,
Mythreye K.Lee N.Y.
Endothelial tip/stalk cell
selection requires BMP9-
induced  beta(lV)-spectrin
expression during sprouting
angiogenesis. Mol Biol Cell,
2023, Vol.34,n0 7, pp. ar72.

10.1091/mbc.E23-02-0064

Alasztics B., Kovacs A.F.,
Molvarec A., Koller A.,
Szabo G., Fekete N., Buzas
E.l., Pallinger E.,Rigo J., Jr.

10.1016/j.jri.2021.103380

47



Platelet-derived

extracellular vesicles may
contribute to the
hypercoagulable state in
preeclampsia. J Reprod
Immunol, 2021, Vol.148,
no, pp. 103380.

Albini  A., Brigati C,,
Ventura A., Lorusso G,
Pinter M., Morini M.,

Mancino A, Sica
A.,Noonan D.M.
Angiostatin anti-

angiogenesis requires I1L-12:
the innate immune system as
a key target. J Transl Med,
2009, Vol.7, no, pp. 5.

10.1186/1479-5876-7-5

Andre P., Nannizzi-Alaimo
L., Prasad S.K.,Phillips D.R.
Platelet-derived CD40L: the
switch-hitting  player of

cardiovascular disease.
Circulation, 2002, Vol.106,
no 8, pp. 896-9.

10.1161/01.cir.0000028962.04520.01

Andre P., Prasad K.S., Denis
C.V., He M., Papalia J.M.,

10.1038/nm0302-247

48



Hynes R.O., Phillips
D.R.,Wagner D.D. CD40L
stabilizes arterial thrombi by
a beta3 integrin--dependent
mechanism. Nat Med, 2002,
Vol.8, no 3, pp. 247-52.

10

Antich-Rossello M.,
Forteza-Genestra M.A.,
Monjo  M.,Ramis J.M.
Platelet-Derived
Extracellular Vesicles for
Regenerative Medicine. IntJ
Mol Sci, 2021, Vol.22, no
16.

10.3390/ijms22168580

11

Aquino-Dominguez  A.S.,
Romero-Tlalolini M.L.A.,
Torres-Aguilar H.,Aguilar-
Ruiz S.R. Recent Advances
in the Discovery and
Function of Antimicrobial
Molecules in Platelets. Int J
Mol Sci, 2021, Vol.22, no
19.

10.3390/ijms221910230

12

Arefieva T.I., Kukhtina
N.B., Antonova
O.A. Krasnikova T.L. MCP-

10.1016/j.cyt0.2005.06.016

49



1-stimulated chemotaxis of
monocytic and endothelial
cells is dependent on
activation  of  different
signaling cascades.
Cytokine, 2005, Vol.31, no
6, pp. 439-46.

13

Assoian R.K., Komoriya A.,
Meyers C.A, Miller
D.M.,Sporn M.B.
Transforming growth factor-
beta in human platelets.
Identification of a major
storage site, purification,
and characterization. J Biol
Chem, 1983, VVol.258, no 11,
pp. 7155-60.

10.1016/S0021-9258(18)32345-7

14

Bach L.A. Endothelial cells
and the IGF system. J Mol
Endocrinol, 2015, Vol.54,
no 1, pp. R1-13

10.1530/JME-14-0215

15

Badimon L., Suades R.,
Fuentes E., Palomo I.,Padro
T. Role of Platelet-Derived
Microvesicles As Crosstalk
Mediators in

10.3389/fphar.2016.00293

50



Atherothrombosis and
Future Pharmacology
Targets: A Link between
Inflammation,
Atherosclerosis, and
Thrombosis. Front
Pharmacol, 2016, Vol.7, no,
pp. 293

16 Baj-Krzyworzeka M., 10.1016/s0301-472x(02)00791-9
Majka M., Pratico D.,
Ratajczak J., Vilaire G,
Kijowski J.,, Reca R,
Janowska-Wieczorek
A. Ratajczak M.Z. Platelet-
derived microparticles
stimulate proliferation,
survival, adhesion, and
chemotaxis of
hematopoietic cells. Exp
Hematol, 2002, Vol.30, no
5, pp. 450-9.
17 Balaphas A., Meyer J., 10.3390/cells9051311

Perozzo R., Zeisser-
Labouebe M., Berndt S.,
Turzi A., Fontana P.,
Scapozza L., Gonelle-
Gispert C.,Buhler L.H.

51



Platelet Transforming
Growth Factor-betal
Induces Liver Sinusoidal
Endothelial Cells to Secrete
Interleukin-6. Cells, 2020,
Vol.9, no 5.

18

Bao H., Chen Y.X., Huang
K., Zhuang F., Bao M., Han
Y., Chen X.H., Shi Q., Yao
Q.P.,Qi Y.X. Platelet-
derived microparticles
promote endothelial cell
proliferation in hypertension
via miR-142-3p. FASEB J,
2018, Vol.32, no 7, pp.
3912-3923.

10.1096/f}.201701073R

19

Barale C., Frascaroli C.,
Senkeev R., Cavalot
F.,Russo I|. Simvastatin
Effects on Inflammation and
Platelet Activation Markers
in  Hypercholesterolemia.
Biomed Res Int, 2018,
Vol.2018, no, pp. 6508709.

10.1155/2018/6508709

20

Becker R.C., Sexton
T.,Smyth S.S. Translational

10.1161/CIRCRESAHA.117.310939

52



Implications of Platelets as
Vascular First Responders.
Circ Res, 2018, Vol.122, no
3, pp. 506-522.

21

Behzadian M.A., Wang
X.L., Windsor L.J., Ghaly
N.,Caldwell R.B. TGF-beta
increases retinal endothelial
cell permeability by
increasing MMP-9: possible
role of glial cells in
endothelial barrier function.
Invest Ophthalmol Vis Sci,
2001, Vol.42, no 3, pp. 853-
9.

22

Bendas G.,Schlesinger M.
The GPIb-1X complex on
platelets: insight into its

novel physiological
functions affecting immune
surveillance, hepatic

thrombopoietin  generation,
platelet clearance and its
relevance ~ for  cancer
development and metastasis.

10.1186/s40164-022-00273-2

53



Exp Hematol Oncol, 2022,
Vol.11, no 1, pp. 19.

23

Bikfalvi A. Platelet factor 4:
an inhibitor of angiogenesis.
Semin Thromb Hemost,
2004, Vol.30, no 3, pp. 379-
85.

10.1055/s-2004-831051

24

Blair P., Rex S., Vitseva O.,
Beaulieu L., Tanriverdi K.,
Chakrabarti S., Hayashi C.,
Genco C.A, lafrati
M.,Freedman J.E.
Stimulation of Toll-like
receptor 2 in human platelets
induces a
thromboinflammatory
response through activation
of  phosphoinositide  3-
kinase. Circ Res, 2009,
Vol.104, no 3, pp. 346-54.

10.1161/CIRCRESAHA.108.185785

25

Blakytny R., Ludlow A.,
Martin G.E., Ireland G.,
Lund L.R., Ferguson
M.W.,Brunner G. Latent
TGF-betal activation by
platelets. J Cell Physiol,

10.1002/jcp. 10454

54



2004, Vol.199, no 1, pp. 67-
76.

26

Blann A.D., Nadar S.K.,Lip
G.Y. The adhesion molecule
P-selectin and
cardiovascular disease. Eur
Heart J, 2003, VVol.24, no 24,
pp. 2166-79.

10.1016/j.ehj.2003.08.021

27

Boehlen F.,Clemetson K.J.
Platelet chemokines and
their receptors: what is their
relevance to platelet storage
and transfusion practice?
Transfus Med, 2001, Vol.11,
no 6, pp. 403-17.

10.1046/j.1365-3148.2001.00340.x

28

Borst O., Munzer P., Gatidis
S., Schmidt E.M.,
Schonberger T., Schmid E.,
Towhid S.T., Stellos K.,
Seizer P.,, May A.E., Lang
F.,Gawaz M. The
inflammatory ~ chemokine
CXC motif ligand 16
triggers platelet activation
and adhesion via CXC motif
receptor 6-dependent

10.1161/CIRCRESAHA.112.276444

55



phosphatidylinositide 3-
kinase/Akt signaling. Circ
Res, 2012, Vol.111, no 10,
pp. 1297-307.

29

Brambilla M., Talmon M.,
Canzano P., Fresu L.G.,
Brunelleschi S., Tremoli
E..Camera M. Different
Contribution of Monocyte-
and Platelet-Derived
Microvesicles to Endothelial
Behavior. Int J Mol Sci,
2022, Vol.23, no 9.

10.3390/ijms23094811

30

Brat D.J., Bellail A.C.,Van
Meir E.G. The role of
interleukin-8 and its
receptors in gliomagenesis
and tumoral angiogenesis.
Neuro Oncol, 2005, Vol.7,
no 2, pp. 122-33.

10.1215/S1152851704001061

31

Brill A., Dashevsky O., Rivo
J., Gozal Y.Varon D.
Platelet-derived
microparticles induce
angiogenesis and stimulate
post-ischemic

10.1016/j.cardiores.2005.04.007

56



revascularization.
Cardiovasc  Res, 2005,
Vol.67, no 1, pp. 30-8.

32

Brill A., Elinav H.,Varon D.
Differential role of platelet
granular  mediators  in
angiogenesis.  Cardiovasc
Res, 2004, VVol.63, no 2, pp.
226-35.

10.1016/j.cardiores.2004.04.012

33

Broos K., Feys H.B., De
Meyer S.F., Vanhoorelbeke
K.,Deckmyn H. Platelets at
work in primary hemostasis.
Blood Rev, 2011, Vol.25, no
4, pp. 155-67.

10.1016/j.blre.2011.03.002

34

Brown G.T.,Mclntyre T.M.
Lipopolysaccharide
signaling without a nucleus:
kinase cascades stimulate
platelet shedding of
proinflammatory IL-1beta-
rich  microparticles. ]
Immunol, 2011, Vol.186, no
9, pp. 5489-96.

10.4049/jimmunol.1001623

57



35

Burger D., Schock S.,
Thompson C.S., Montezano
A.C., Hakim A.M.,Touyz
R.M. Microparticles:
biomarkers and beyond. Clin
Sci (Lond), 2013, Vol.124,
no 7, pp. 423-41.

10.1042/CS20120309

36

Cai S, Yang Q., Cao Y., Li
Y., Liu J., Wang J., Zhang
X., Liu L., Li X.,Zhang Y.
PF4 antagonizes retinal
neovascularization via
inhibiting PRAS40
phosphorylation in a mouse
model of oxygen-induced
retinopathy. Biochim
Biophys Acta Mol Basis
Dis, 2020, Vol.1866, no 3,
pp. 165604.

10.1016/j.bbadis.2019.165604

37

Cao R., Eriksson A., Kubo
H., Alitalo K. Cao
Y., Thyberg J. Comparative
evaluation of FGF-2-,
VEGF-A-, and VEGF-C-
induced angiogenesis,
lymphangiogenesis,

vascular fenestrations, and

10.1161/01.RES.0000118600.91698.BB

58



permeability. Circ Res,
2004, Vol.94, no 5, pp. 664-
70.

38

Caunt M., Hu L., Tang T.,
Brooks P.C,, Ibrahim
S.Karpatkin S. Growth-
regulated  oncogene s
pivotal in thrombin-induced
angiogenesis. Cancer Res,
2006, Vol.66, no 8, pp.
4125-32.

10.1158/0008-5472.CAN-05-2570

39

Chakrabarti S., Rizvi M.,
Morin K., Garg
R.,Freedman J.E. The role of
CD40L and VEGF in the
modulation of angiogenesis
and inflammation. Vascul
Pharmacol, 2010, VVol.53, no
3-4, pp. 130-7.

10.1016/j.vph.2010.05.003

40

Chatterjee M.,Gawaz M.
Platelet-derived = CXCL12
(SDF-1alpha): basic
mechanisms and clinical
implications. J  Thromb
Haemost, 2013, Vol.11, no
11, pp. 1954-67.

10.1111/jth.12404

59



41

Chatterjee M., Rath
D..Gawaz M. Role of
chemokine receptors
CXCR4 and CXCR7 for
platelet function. Biochem
Soc Trans, 2015, Vol.43, no
4, pp. 720-6.

10.1042/BST20150113

42

Chavakis E.,Dimmeler S.
Regulation of endothelial
cell survival and apoptosis
during angiogenesis.
Arterioscler Thromb Vasc
Biol, 2002, Vol.22, no 6, pp.
887-93.

10.1161/01.atv.0000017728.55907.a9

43

ChenC., XuZ.-Q., Zong Y .-
P., Ou B.-C., Shen X.-H.,
Feng H., Zheng M.-H., Zhao
J-K.,Lu A.-G. CXCL5
induces tumor angiogenesis
via enhancing the expression
of FOXD1 mediated by the
AKT/NF-xB pathway in
colorectal cancer. Cell Death
& Disease, 2019, Vol.10, no
3.

10.1038/s41419-019-1431-6

60



44

Chen C.C.,Manning A.M.
TGF-beta 1, 1L-10 and IL-4
differentially modulate the
cytokine-induced expression
of IL-6 and IL-8 in human
endothelial cells. Cytokine,
1996, Vol.8, no 1, pp. 58-65.

10.1006/cyt0.1995.0008

45

Chen Y., Shen J., Nilsson
A.H., Goncalves I., Edsfeldt
A., Engstrom G., Zaigham
S., Melander 0., Orho-
Melander M., Rauch U.,
Venuraju S.M., Lahiri A,
Liang C.,Nilsson J.
Circulating Hepatocyte
Growth  Factor Reflects
Activation of  Vascular
Repair in Response to
Stress. JACC Basic Transl
Sci, 2022, Vol.7, no 8, pp.
747-762.

10.1016/j.jacbts.2022.03.013

46

Chiva-Blanch G., Laake K.,
Myhre P., Bratseth V.,
Arnesen H., Solheim S.,
Badimon  L.,Seljeflot 1.
Platelet-, monocyte-derived
and tissue factor-carrying

10.1371/journal.pone.0172558

61



circulating  microparticles
are related to acute
myocardial infarction
severity. PLoS One, 2017,
Vol.12, no 2, pp. e0172558.

47 Cicmil M., Thomas J.M., 10.1182/blood.v99.1.137
Leduc M., Bon C.,Gibbins
J.M. Platelet endothelial cell
adhesion molecule-1
signaling inhibits  the
activation of human
platelets.  Blood, 2002,
Vol.99, no 1, pp. 137-44.
48 Cines D.B., Pollak E.S., 10.1182/blood.VV91.10.3527

Buck C.A., Loscalzo J.,
Zimmerman G.A., McEver
R.P., Pober J.S., Wick T.M.,
Konkle B.A., Schwartz B.S.,
Barnathan E.S., McCrae
K.R., Hug B.A., Schmidt
A.M.,Stern D.M.
Endothelial cells in
physiology and in the
pathophysiology of vascular
disorders. Blood, 1998,
Vol.91, no 10, pp. 3527-61.

62



49

Clark S.R.,, Ma A.C,
Tavener S.A., McDonald B.,
Goodarzi Z., Kelly M.M.,
Patel K.D., Chakrabarti S.,
McAvoy E., Sinclair G.D.,
Keys E.M., Allen-Vercoe E.,
Devinney R., Doig C.J.,
Green F.H.,Kubes P. Platelet
TLR4 activates neutrophil
extracellular traps to ensnare
bacteria in septic blood. Nat
Med, 2007, Vol.13, no 4, pp.
463-9.

10.1038/nm1565

50

Clemetson K.J., Clemetson
J.M., Proudfoot A.E., Power
C.A., Baggiolini M., Wells
T.N. Functional expression
of CCR1, CCR3, CCR4, and
CXCR4 chemokine
receptors on human
platelets.  Blood, 2000,
Vo0l.96, no 13, pp. 4046-54.

10.1182/blood.VV96.13.4046

o1

Coenen D.M., Mastenbroek
T.G.,Cosemans J. Platelet
interaction with activated
endothelium:  mechanistic
insights from microfluidics.

10.1182/blood-2017-04-780825

63



Blood, 2017, Vo0l.130, no
26, pp. 2819-2828.

52

Cognasse F., Hamzeh-
Cognasse H., Lafarge S.,
Chavarin P., Cogne M.,
Richard Y.Garraud O.
Human platelets can activate
peripheral blood B cells and
increase  production  of

immunoglobulins. Exp
Hematol, 2007, Vol.35, no
95 pp- 1376'87.

10.1016/j.exphem.2007.05.021

53

Colotti G., Failla C.M,,
Lacal P.M., Ungarelli M.,
Ruffini F., Di Micco P.,
Orecchia  A.,Morea V.
Neuropilin-1 is required for
endothelial cell adhesion to
soluble vascular endothelial
growth factor receptor 1.
FEBS J, 2022, Vol.289, no
1, pp. 183-198.

10.1111/febs.16119

54

Cui Z., Wu H., Xiao Y., Xu
T., Jia J., Lin H.,, Lin R,,
Chen K., Lin Y., Li K., Wu
X., Li C.,Yu B. Endothelial

10.1038/s41413-022-00229-6

64



PDGF-BB/PDGFR-beta
signaling promotes
osteoarthritis by enhancing
angiogenesis-dependent
abnormal subchondral bone
formation. Bone Res, 2022,
Vol.10, no 1, pp. 58.

55

da Costa Martins P., Garcia-
Vallejo J.J., van Thienen
J.V., Fernandez-Borja M.,
van Gils J.M., Beckers C.,
Horrevoets A.J., Hordijk
P.L.,Zwaginga JJ. P-
selectin glycoprotein ligand-
1 is expressed on endothelial
cells and mediates monocyte
adhesion to  activated
endothelium.  Arterioscler
Thromb Vasc Biol, 2007,
Vol.27, no 5, pp. 1023-9.

10.1161/ATVBAHA.107.140442

56

Dawson D.W., Pearce S.F.,
Zhong R., Silverstein R.L.,
Frazier W.A.,Bouck N.P.
CD36 mediates the In vitro
inhibitory effects of
thrombospondin-1 on
endothelial cells. J Cell Biol,

10.1083/jch.138.3.707

65



1997, Vol.138, no 3, pp.
707-17.

S7

De Marco L., Mazzucato M.,
Masotti A., Fenton J.W.,
2nd,Ruggeri Z.M. Function
of glycoprotein Ib alpha in
platelet activation induced
by alpha-thrombin. J Biol
Chem, 1991, Vol.266, no 35,
pp. 23776-83.

10.1016/S0021-9258(18)54350-7

58

Del Conde 1., Cruz M.A,,
Zhang H., Lopez
J.A. Afshar-Kharghan V.
Platelet activation leads to
activation and propagation
of the complement system. J
Exp Med, 2005, Vol.201, no
6, pp. 871-9.

10.1084/jem.20041497

59

Derler R., Gesslbauer B.,
Weber C., Strutzmann E.,

Miller l.,Kungl A.
Glycosaminoglycan-
Mediated Downstream

Signaling of  CXCLS
Binding to  Endothelial

10.3390/ijms18122605

66



Cells. Int J Mol Sci, 2017,
Vol.18, no 12.

60

Ding S., Merkulova-Rainon
T., Han Z.C.,Tobelem G.
HGF receptor up-regulation
contributes to the angiogenic
phenotype of human
endothelial cells and
promotes angiogenesis in
vitro. Blood, 2003, Vol.101,
no 12, pp. 4816-22.

10.1182/blood-2002-06-1731

61

Duerschmied D., Suidan
G.L., Demers M., Herr N.,
Carbo C., Brill A., Cifuni
S.M., Mauler M., Cicko S.,
Bader M., ldzko M., Bode
C..Wagner D.D. Platelet
serotonin  promotes  the
recruitment of neutrophils to
sites of acute inflammation
in mice. Blood, 2013,
Vol.121, no 6, pp. 1008-15.

10.1182/blood-2012-06-437392

62

Dwyer J., Hebda J.K., Le
Guelte A., Galan-Moya
E.M., Smith S.S., Azzi S,,
Bidere N.,Gavard J.

10.1371/journal.pone.0045562

67



Glioblastoma cell-secreted
interleukin-8 induces brain
endothelial cell permeability
via CXCR2. PLo0S One,
2012, Vol.7, no 9, pp.
e45562.

63

Edelstein L.C. The role of
platelet microvesicles in
intercellular
communication.  Platelets,
2017, Vol.28, no 3, pp. 222-
227.

10.1080/09537104.2016.1257114

64

El-Gamal H., Parray A.S.,
Mir F.A., Shuaib A.,Agouni
A. Circulating
microparticles as
biomarkers of stroke: A
focus on the value of
endothelial- and platelet-
derived microparticles. J
Cell Physiol, 2019, Vol.234,
no 10, pp. 16739-16754.

10.1002/jcp.28499

65

Eustes A.S.Dayal S. The
Role of Platelet-Derived
Extracellular Vesicles in
Immune-Mediated

10.3390/ijms23147837

68



Thrombosis. Int J Mol Sci,
2022, Vol.23, no 14.

66

Fahey E..Doyle S.L. IL-1
Family Cytokine Regulation
of Vascular Permeability
and Angiogenesis. Front
Immunol, 2019, Vol.10, no,
pp. 1426.

10.3389/fimmu.2019.01426

67

Faille D., El-Assaad F.,
Mitchell AJ., Alessi M.C.,
Chimini G., Fusai T., Grau
G.E.,Combes V.
Endocytosis and
intracellular processing of
platelet microparticles by
brain endothelial cells. J Cell
Mol Med, 2012, Vol.16, no
8, pp. 1731-8.

10.1111/5.1582-4934.2011.01434.x

68

Falati S., Patil S., Gross P.L.,
Stapleton M.,  Merrill-
Skoloff G., Barrett N.E.,
Pixton K.L., Weiler H.,
Cooley B., Newman D.K.,
Newman P.J., Furie B.C,,
Furie  B.,Gibbins J.M.
Platelet PECAM-1 inhibits

10.1182/blood-2005-04-1512

69



thrombus formation in vivo.
Blood, 2006, Vol.107, no 2,
pp. 535-41.

69

Feng Y.F., Yuan F., Guo
H,Wu W.Z. TGF-betal
enhances  SDF-1-induced
migration and tube
formation of choroid-retinal
endothelial cells by up-
regulating CXCR4 and
CXCR7 expression. Mol
Cell Biochem, 2014,
Vol.397, no 1-2, pp. 131-8.

10.1007/s11010-014-2180-6

70

Ferreira P.M., Bozbas E.,
Tannetta S.D., Alrogaiba N.,
Zhou R., Crawley J.T.B.,
Gibbins J.M., Jones C.I,,
Ahnstrom J.,Yaqoob P.
Mode of induction of
platelet-derived
extracellular vesicles is a
critical determinant of their
phenotype and function. Sci
Rep, 2020, Vol.10, no 1, pp.
18061.

10.1038/s41598-020-73005-3

70



71

Filippelli A., Del Gaudio C.,
Simonis V., Ciccone V.,
Spini A.,Donnini S. Scoping
Review on Platelets and
Tumor Angiogenesis: Do
We Need More Evidence or
Better Analysis? Int J Mol
Sci, 2022, Vol.23, no 21.

10.3390/ijms232113401

72

Frenette P.S., Denis C.V.,
Weiss L., Jurk K., Subbarao
S., Kehrel B., Hartwig J.H.,
Vestweber D.,Wagner D.D.
P-Selectin glycoprotein
ligand 1 (PSGL-1) is
expressed on platelets and
can mediate platelet-
endothelial interactions in
vivo. J Exp Med, 2000,
Vol.191, no 8, pp. 1413-22.

10.1084/jem.191.8.1413

73

Gachet C. Identification,
characterization, and
inhibition of the platelet
ADP  receptors. Int J
Hematol, 2001, Vol.74, no
4, pp. 375-81.

10.1007/BF02982079

71



74

Garcia B.A., Smalley D.M.,
Cho H., Shabanowitz J., Ley
K.,Hunt D.F. The platelet
microparticle proteome. J
Proteome Res, 2005, Vol.4,
no 5, pp. 1516-21.

10.1021/pr0500760

75

Gentilini  G., Kirschbaum
N.E., Augustine J.A., Aster
R.H.,Visentin G.P.
Inhibition of human
umbilical vein endothelial
cell proliferation by the
CXC chemokine, platelet
factor 4 (PF4), is associated
with impaired
downregulation of
p21(Cipl/WAF1). Blood,
1999, Vol.93, no 1, pp. 25-
33.

10.1182/blood.VV93.1.25

76

Gidlof O., van der Brug M.,
Ohman J., Gilje P., Olde B.,
Wahlestedt C.,Erlinge D.
Platelets activated during
myocardial infarction
release functional MmiRNA,
which can be taken up by
endothelial cells and

10.1182/blood-2012-10-461798

72



regulate ICAML1 expression.
Blood, 2013, Vol.121, no
19, pp. 3908-17, S1-26.

77

Grotendorst G.R., Soma Y.,
Takehara K.,Charette M.
EGF and TGF-alpha are
potent chemoattractants for
endothelial cells and EGF-
like peptides are present at
sites of tissue regeneration. J
Cell Physiol, 1989, Vol.139,
no 3, pp. 617-23.

10.1002/jcp.1041390323

78

Guo J., Feng C., Zhang B.,
Zhang S., Shen X., Zhu
J.,Zhao X.X. Extraction and
identification of
platelet-derived
microparticles. Mol Med
Rep, 2019, Vol.20, no 3, pp.
2916-2921.

10.3892/mmr.2019.10484

79

Gupta S.K., Lysko P.G.,,
Pillarisetti K., Ohlstein
E.,Stadel J.M. Chemokine
receptors in human
endothelial cells. Functional
expression of CXCR4 and

10.1074/jbc.273.7.4282

73



its transcriptional regulation
by inflammatory cytokines.
J Biol Chem, 1998, Vol.273,
no 7, pp. 4282-7.

80 Gupta S.K.Singh J.P. 10.1083/jch.127.4.1121
Inhibition of endothelial cell
proliferation by platelet
factor-4 involves a unique
action on S  phase
progression. J Cell Biol,
1994, Vol.127, no 4, pp.
1121-7.
81 Hang T.C., Tedford N.C., 10.1074/mcp.M113.030528

Reddy R.J., Rimchala T.,
Wells A., White F.M,,
Kamm R.D.,Lauffenburger
D.A. Vascular endothelial
growth factor (VEGF) and
platelet (PF-4) factor 4
inputs  modulate  human
microvascular  endothelial
signaling in a three-
dimensional matrix
migration context. Mol Cell
Proteomics, 2013, Vol.12,
no 12, pp. 3704-18.

74



82

Hara T.,Tanegashima K.
CXCL14 antagonizes the
CXCL12-CXCR4 signaling
axis. Biomol Concepts,
2014, Vol.5, no 2, pp. 167-
73.

10.1515/bmc-2014-0007

83

Haywood N.J., Luk C,,
Bridge K.l., Drozd M.,
Makava N., Skromna A.,
Maccannell A., Ozber C.H.,
Warmke N.,  Wilkinson
C.G.,, Watt N.T., Koch-
Paszkowski J., Teh I., Boyle
J.H., Smart S., Schneider
J.E., Yuldasheva N.Y.,
Roberts L.D., Beech D.J.,,
Sukumar P., Wheatcroft
S.B., Cubbon R.M.,Kearney
M.T. Endothelial IGF-1
receptor mediates crosstalk
with the gut wall to regulate
microbiota  in  obesity.
EMBO Rep, 2021, Vol.22,
no 5, pp. e50767.

10.15252/embr.202050767

84

Henn V., Steinbach S.,
Buchner K., Presek
P.,Kroczek R.A. The

10.1182/blood.v98.4.1047

75



inflammatory  action  of
CD40 ligand (CD154)
expressed on activated
human platelets IS
temporally  limited by
coexpressed CD40. Blood,
2001, Vol.98, no 4, pp.
1047-54.

85

Hope W., Martin T.J,
Chesterman  C.N.,Morgan
F.J. Human beta-
thromboglobulin  inhibits
PGI2 production and binds
to a specific site in bovine
aortic  endothelial cells.
Nature, 1979, Vol.282, no
5735, pp. 210-2.

10.1038/282210a0

86

Hristov M., Zernecke A.,
Bidzhekov K., Liehn E.A.,
Shagdarsuren E., Ludwig
A.Weber C. Importance of
CXC chemokine receptor 2
in the homing of human
peripheral blood endothelial
progenitor cells to sites of
arterial injury. Circ Res,

10.1161/01.RES.0000259043.42571.68

76



2007, Vol.100, no 4, pp.
590-7.

87

Hu C.,Jiang X. Role of NRP-
1 in VEGF-VEGFR2-
Independent Tumorigenesis.
Target Oncol, 2016, Vol.11,
no 4, pp. 501-5.

10.1007/s11523-016-0422-0

88

Huang J., Li X., Shi X., Zhu
M., Wang J., Huang S.,
Huang X., Wang H., Li L.,
Deng H., Zhou Y., Mao J.,
Long Z., Ma Z., Ye W., Pan
J., Xi X.Jin J. Platelet
integrin alphallbbeta3:
signal transduction,
regulation, and its
therapeutic  targeting. J
Hematol Oncol, 2019,
Vol.12, no 1, pp. 26.

10.1186/s13045-019-0709-6

89

Hueso L., Marques P.,
Morant B., Gonzalez-
Navarro H., Ortega J., Real
J.T., Sanz M.J.,Piqueras L.
CCL17 and CCL22
chemokines are upregulated
in human obesity and play a

10.3389/fend0.2023.1154158

77



role in vascular dysfunction.
Front Endocrinol
(Lausanne), 2023, Vol.14,
no, pp. 1154158.

90

Islam S.A., Ling M.F,
Leung J, Shreffler
W.G.,Luster A.D.
Identification of human
CCR8 as a CCL18 receptor.
J Exp Med, 2013, Vol.210,
no 10, pp. 1889-98.

10.1084/jem.20130240

91

Isozaki T., Arbab A.S., Haas
C.S.,, Amin M.A., Arendt
M.D., Koch A.E.,Ruth J.H.
Evidence that CXCL16 is a
potent mediator of
angiogenesis and is involved
in endothelial progenitor cell
chemotaxis : studies in mice
with K/BxN serum-induced
arthritis. Arthritis Rheum,
2013, Vol.65, no 7, pp.
1736-46.

10.1002/art.37981

92

Israels S.J.,McMillan-Ward
E.M. CD63 modulates
spreading and  tyrosine

10.1160/THO04-08-0503

78



phosphorylation of platelets
on immobilized fibrinogen.
Thromb Haemost, 2005,
Vol.93, no 2, pp. 311-8.

93

Italiano J.E., Jr., Lecine P.,
Shivdasani R.A.,Hartwig
J.H. Blood platelets are
assembled principally at the
ends of proplatelet processes
produced by differentiated
megakaryocytes. J Cell Biol,
1999, Vol.147, no 6, pp.
1299-312.

10.1083/jch.147.6.1299

94

Italiano J.E., Jr., Richardson
J.L., Patel-Hett S., Battinelli
E., Zaslavsky A., Short S.,
Ryeom S, Folkman
J.,Klement G.L.
Angiogenesis is regulated by
a novel mechanism: pro- and
antiangiogenic proteins are
organized into separate
platelet alpha granules and
differentially released.
Blood, 2008, Vol.111, no 3,
pp. 1227-33.

10.1182/blood-2007-09-113837

79



95

Janowska-Wieczorek  A.,
Wysoczynski M., Kijowski
J.,, Marquez-Curtis L.,
Machalinski B., Ratajczak
J.,Ratajczak M.Z.
Microvesicles derived from
activated platelets induce
metastasis and angiogenesis
in lung cancer. Int J Cancer,
2005, Vol.113, no 5, pp.
752-60.

10.1002/ijc.20657

96

Jiang S.,Ai Y., NiL.,WulL.,,
Huang X.,Chen S. Platelet-
derived TGF-betal is related
to portal vein thrombosis in
cirrhosis by  promoting
hypercoagulability and
endothelial dysfunction.
Front Cardiovasc Med,
2022, Vol.9, no, pp. 938397.

10.3389/fcvm.2022.938397

97

Jiang Y., Zhou X., Hu
R.,Dai A. TGF-betal-
induced SMAD2/3/4
activation promotes RELM-
beta transcription to
modulate the endothelium-
mesenchymal transition in

10.1016/j.biocel.2018.08.005

80



human endothelial cells. Int
J Biochem Cell Biol, 2018,
Vol.105, no, pp. 52-60.

98

Jiang Z., Zhang S., Wang H.,
Hu C., Li L., Zheng X., Mu
Y., Wang F., Mou Y., Liu
M., Jin W. Protocadherin-1
serves as a prognostic
biomarker and promotes
pancreatic cancer
progression by suppressing
CD8(+) T cell infiltration
through CCL5-CCR5 axis.
Am J Cancer Res, 2023,
Vol.13, no 11, pp. 5197-
5217.

99

JinP., Pan Q., Lin Y., Dong
Y., Zhu J., Liu T., Zhu
W.,Cheng B. Platelets
Facilitate Wound Healing by
Mitochondrial Transfer and
Reducing Oxidative Stress
in Endothelial Cells. Oxid
Med Cell Longev, 2023,
V0l.2023, no, pp. 2345279.

10.1155/2023/2345279

81



100

Jouan V., Canron X,
Alemany M., Caen J.P.
Quentin G, Plouet
J.,Bikfalvi A. Inhibition of
in vitro angiogenesis by
platelet factor-4-derived
peptides and mechanism of
action. Blood, 1999, Vol.94,
no 3, pp. 984-93.

10.1182/blood.VV94.3.984.415k31_984 993

101

Joyce N.C., Joyce S.J.,
Powell S.M.,Meklir B. EGF
and PGE2: effects on
corneal endothelial cell
migration and monolayer
spreading during wound
repair in vitro. Curr Eye Res,
1995, Vol.14, no 7, pp. 601-
9.

10.3109/02713689508998408

102

Kahn M.L., Nakanishi-
Matsui M., Shapiro M.J.,
Ishihara H.,Coughlin S.R.
Protease-activated receptors
1 and 4 mediate activation of
human platelets by
thrombin. J Clin Invest,

10.1172/JC16042

82



1999, Vol.103, no 6, pp.
879-87.

103

Kandler B., Fischer M.B.,
Watzek  G.,Gruber R.
Platelet-released supernatant

increases matrix
metalloproteinase-2
production, migration,

proliferation, and tube
formation of human
umbilical vascular
endothelial cells. J
Periodontol, 2004, Vol.75,
no 9, pp. 1255-61.

10.1902/jop.2004.75.9.1255

104

Keeley E.C., Mehrad
B.,Strieter R.M. CXC
chemokines in  cancer
angiogenesis and
metastases. Adv Cancer Res,
2010, Vol.106, no, pp. 91-
111.

10.1016/S0065-230X(10)06003-3

105

Kim H.K., Song K.S,
Chung J.H., Lee K.R.,Lee
S.N. Platelet microparticles
induce angiogenesis in vitro.

10.1046/].1365-2141.2003.04773.X

83



Br J Haematol, 2004,
Vol.124, no 3, pp. 376-84.

106

Kraemer B.F., Campbell
R.A., Schwertz H., Cody
M.J., Franks Z., Tolley N.D.,
Kahr W.H., Lindemann S.,
Seizer P., Yost C.C,
Zimmerman G.A.,Weyrich
A.S. Novel anti-bacterial
activities of beta-defensin 1
in human platelets:
suppression of pathogen
growth and signaling of
neutrophil extracellular trap
formation. PL0S Pathog,
2011, Vol.7, no 11, pp.
e1002355.

10.1371/journal.ppat.1002355

107

Kuhlmann C.R., Schaefer
C.A., Reinhold L.,
Tillmanns H.,Erdogan A.
Signalling mechanisms of
SDF-induced  endothelial
cell proliferation  and
migration. Biochem
Biophys Res Commun,

10.1016/j.bbrc.2005.08.006

84



2005, Vol.335, no 4, pp.
1107-14.

108

Laffont B., Corduan A.,
Rousseau M., Duchez A.C.,
Lee C.H., Boilard E.,Provost
P. Platelet microparticles
reprogram macrophage gene
expression and function.
Thromb Haemost, 2016,
Vol.115, no 2, pp. 311-23.

10.1160/TH15-05-0389

109

Langmann T. Cytokine
signaling as key regulator of
pathological angiogenesis in
the eye. EBioMedicine,
2021, Vol.73, no, pp.
103662.

10.1016/j.ebiom.2021.103662

110

Larsen E., Celi A., Gilbert
G.E., Furie B.C., Erban J.K.,
Bonfanti R.,  Wagner
D.D.,Furie B. PADGEM
protein: a receptor that
mediates the interaction of
activated platelets  with
neutrophils and monocytes.
Cell, 1989, Vol.59, no 2, pp.
305-12.

10.1016/0092-8674(89)90292-4

85



111

Lazar S.,Goldfinger L.E.
Platelets and extracellular
vesicles and their cross talk
with cancer. Blood, 2021,
Vol.137, no 23, pp. 3192-
3200.

10.1182/blood.2019004119

112

Lebrin F., Goumans M.J.,
Jonker L., Carvalho R.L.,
Valdimarsdottir G,
Thorikay M., Mummery C.,
Arthur H.M.ten Dijke P.
Endoglin promotes
endothelial cell proliferation
and TGF-beta/ALK1 signal
transduction. EMBO ],
2004, Vol.23, no 20, pp.
4018-28.

10.1038/sj.emb0j.7600386

113

Leksa V., Godar S., Schiller
H.B., Fuertbauer E.,
Muhammad A., Slezakova
K., Horejsi V., Steinlein P.,
Weidle U.H., Binder
B.R.,Stockinger H. TGF-
beta-induced apoptosis in
endothelial cells mediated
by M6P/IGFII-R and mini-
plasminogen. J Cell Sci,

10.1242/jcs.02587

86



2005, Vol.118, no Pt 19, pp.
4577-86.

114

Lester E.A.,Babensee J.E.
Proinflammatory phenotype
of endothelial cells after
coculture with biomaterial-
treated blood cells. J Biomed
Mater Res A, 2003, Vol.64,
no 3, pp. 397-410.

10.1002/jbm.a.10378

115

Lian L., Wang Y., Draznin
J., Eslin D., Bennett J.S.,
Poncz M., Wu D.,Abrams
C.S. The relative role of
PLCbeta and PI3Kgamma in
platelet activation. Blood,
2005, Vol.106, no 1, pp.

110-7. 10.1182/blood-2004-05-2005

116

Lin L., Chen Y.S., Yao
Y.D., Chen J.Q., Chen J.N.,
Huang S.Y., Zeng Y.J., Yao
HR., Zeng S.H. Fu
Y.S..Song EW. CCL18
from tumor-associated
macrophages promotes
angiogenesis  in  breast
cancer. Oncotarget, 2015,
Vol.6, no 33, pp. 34758-73.

10.18632/oncotarget.5325

87



117

Lin S., Zhang Q., Shao X.,
Zhang T., Xue C., Shi S,
Zhao D.Lin Y. IGF-1
promotes angiogenesis in
endothelial  cells/adipose-
derived stem cells co-culture
system with activation of
PI3K/Akt signal pathway.
Cell Prolif, 2017, Vol.50, no
6.

10.1111/cpr.12390

118

Lindemann S.,Gawaz M.
The active platelet:
translation and  protein
synthesis in an anucleate
cell. Semin Thromb Hemost,
2007, Vol.33, no 2, pp. 144-
50.

10.1055/s-2007-969027

119

Liu J., Liang X., Li M., Lin
F., Ma X., XinY., Meng Q.,
Zhuang R., Zhang Q., Han
W., Gao L., He Z., Zhou
X.,Liu Z. Intramyocardial
injected human umbilical
cord-derived mesenchymal
stem cells (HucMSCs)
contribute to the recovery of
cardiac function and the

10.1186/s13287-022-02914-z

88



migration of CD4(+) T cells
into the infarcted heart via
CCL5/CCR5 signaling.
Stem Cell Res Ther, 2022,
Vol.13, no 1, pp. 247.

120

Lopez K., Lai SSW.T., Lopez
Gonzalez E.J., Davila
R.G.,Shuck S.C.
Extracellular vesicles: A
dive into their role in the
tumor  microenvironment
and cancer progression.
Front Cell Dev Biol, 2023,
Vol.11, no, pp. 1154576.

10.3389/fcell.2023.1154576

121

Lovren F.,Verma S.
Evolving role of
microparticles in the
pathophysiology of
endothelial dysfunction.
Clin Chem, 2013, VVol.59, no
8, pp. 1166-74.

10.1373/clinchem.2012.199711

122

Lu J.,, Lu Z., Reinach P.,
Zhang J., Dai W., Lu L., Xu
M. TGF-beta2 inhibits AKT
activation and FGF-2-
induced corneal endothelial

10.1016/j.yexcr.2006.08.004

89



cell proliferation. Exp Cell
Res, 2006, Vol.312, no 18,
pp. 3631-40.

123 Lupancu T.J., Eivazitork M., 10.1111/imch.12644
Hamilton J.A., Achuthan
A.A. Lee K.M.
CCL17/TARC in
autoimmunity and
inflammation-not just a T-
cell chemokine. Immunol
Cell Biol, 2023, Vol.101, no
7, pp. 600-6009.
124 Lv Y. Tan J, Miao 10.1111/jcmm.14667
Y.,Zhang Q. The role of
microvesicles and its active
molecules in  regulating
cellular biology. J Cell Mol
Med, 2019, Vol.23, no 12,
pp. 7894-7904.
125 Machlus K.R.,Italiano J.E., 10.1083/jch.201304054

Jr. The incredible journey:
From megakaryocyte
development to platelet
formation. J Cell Biol, 2013,
Vol.201, no 6, pp. 785-96.

90



126

Maillard L., Saito N.,
Hlawaty H., Friand V.,
Suffee N., Chmilewsky F.,
Haddad O., Laguillier C.,
Guyot E., Ueyama T., Oudar
0., Sutton A.,Charnaux N.
RANTES/CCL5 mediated-
biological effects depend on
the syndecan-4/PKCalpha
signaling pathway. Biol
Open, 2014, Vol.3, no 10,
pp. 995-1004.

10.1242/bi0.20148227

127

Manne B.K,, Xiang
S.C.,Rondina M.T. Platelet
secretion in inflammatory
and infectious diseases.
Platelets, 2017, VVol.28, no 2,
pp. 155-164.

10.1080/09537104.2016.1240766

128

Marcondes S., Lafay M.,
Brohard-Bohn B., de Nucci
G.,Rendu F. Platelets induce
human  umbilical  vein
endothelial cell proliferation
through P-selectin. Life Sci,
2000, Vol.66, no 19, pp.
1817-26.

10.1016/s0024-3205(00)00505-1

91



129

Maring J.A., van Meeteren
L.A., Goumans M.J., Ten
Dijke P. Interrogating TGF-
beta Function and
Regulation in Endothelial
Cells. Methods Mol Biol,
2016, VVol.1344, no, pp. 193-
203.

10.1007/978-1-4939-2966-5_11

130

Mas-Bargues C.,Alique M.
Extracellular Vesicles as
"Very Important Particles”
(VIPs) in Aging. Int J Mol
Sci, 2023, Vol.24, no 4.

10.3390/ijms24044250

131

Mause S.F., Ritzel E., Liehn
E.A., Hristov M., Bidzhekov
K.,  Muller-Newen G,
Soehnlein  O.,Weber C.
Platelet microparticles
enhance the
vasoregenerative  potential
of angiogenic early
outgrowth cells  after
vascular injury. Circulation,
2010, Vol.122, no 5, pp.
495-506.

10.1161/CIRCULATIONAHA.109.909473

92



132

May A.E., Kalsch T,
Massberg S., Herouy Y.,
Schmidt R..Gawaz M.
Engagement of glycoprotein
I1b/I1a (alpha(llb)beta3) on
platelets upregulates CD40L
and  triggers  CD40L-
dependent matrix
degradation by endothelial
cells. Circulation, 2002,
Vol.106, no 16, pp. 2111-7.

10.1161/01.cir.0000033597.45947.0f

133

Mehta V.B.,Besner G.E.
HB-EGF promotes
angiogenesis in endothelial
cells via PI3-kinase and
MAPK signaling pathways.
Growth  Factors, 2007,
Vol.25, no 4, pp. 253-63.

10.1080/08977190701773070

134

Melincovici C.S., Bosca
A.B., Susman S., Marginean
M., Mihu C., Istrate M.,
Moldovan 1.M., Roman
A.L.,Mihu C.M. Vascular
endothelial growth factor
(VEGF) - key factor in
normal and pathological
angiogenesis. Rom ]

- https://pubmed.ncbi.nlm.nih.gov/30173249/

93



Morphol Embryol, 2018,
Vol.59, no 2, pp. 455-467

135

Melter M., Reinders M.E.,
Sho M., Pal S., Geehan C.,
Denton M.D.,
Mukhopadhyay D.,Briscoe
D.M. Ligation of CD40
induces the expression of
vascular endothelial growth
factor by endothelial cells
and monocytes and
promotes angiogenesis in
vivo. Blood, 2000, Vol.96,
no 12, pp. 3801-8.

10.1182/blood.VV96.12.3801

136

Merten M., Thiagarajan P. P-
selectin  expression  on
platelets determines size and
stability of platelet
aggregates. Circulation,
2000, Vol.102, no 16, pp.
1931-6.

10.1161/01.cir.102.16.1931

137

Mikolajczyk T.P., Nosalski
R., Szczepaniak P., Budzyn
K., Osmenda G., Skiba D.,
Sagan A., Wu J., Vinh A,

10.1096/f}.201500088R

94



Marvar P.J., Guzik B.,
Podolec J., Drummond G.,
Lob H.E., Harrison
D.G.,Guzik T.J. Role of
chemokine RANTES in the
regulation of perivascular
inflammation, T-cell
accumulation, and vascular
dysfunction in hypertension.
FASEB J, 2016, Vol.30, no
5, pp. 1987-99.

138

Miyake M., Goodison S.,
Urquidi V., Gomes Giacoia
E.,Rosser C.J. Expression of
CXCL1 in human
endothelial cells induces
angiogenesis through the
CXCR2 receptor and the
ERK1/2 and EGF pathways.
Lab Invest, 2013, Vol.93, no
7, pp. 768-78.

10.1038/labinvest.2013.71

139

Morandi V., Petrik J.,Lawler
J. Endothelial Cell Behavior
Is Determined by Receptor
Clustering  Induced by
Thrombospondin-1.  Front

10.3389/fcell.2021.664696

95



Cell Dev Biol, 2021, Vol.9,
no, pp. 664696.

140

Morel O., Jesel L.
Freyssinet J.M. Toti F.
Cellular mechanisms
underlying the formation of
circulating  microparticles.
Arterioscler Thromb Vasc
Biol, 2011, Vol.31, no 1, pp.
15-26.

10.1161/ATVBAHA.109.200956

141

Mulcahy L.A., Pink
R.C.,Carter D.R. Routes and
mechanisms of extracellular
vesicle uptake. J Extracell
Vesicles, 2014, Vol.3, no.

10.3402/jev.v3.24641

142

Nass J., Terglane J.,Gerke
V. Weibel Palade Bodies:
Unique Secretory
Organelles of Endothelial
Cells that Control Blood
Vessel Homeostasis. Front
Cell Dev Biol, 2021, Vol.9,
no, pp. 813995.

10.3389/fcell.2021.813995

143

Neskey D.M., Ambesi A.,
Pumiglia K.M.,McKeown-

10.1186/1756-9966-27-61

96



Longo P.J. Endostatin and
anastellin inhibit distinct
aspects of the angiogenic
process. J Exp Clin Cancer
Res, 2008, Vol.27, no 1, pp.
61.

144

Neubauer K. Zieger B.
Endothelial cells and
coagulation. Cell Tissue
Res, 2022, Vol.387, no 3,
pp. 391-398.

10.1007/s00441-021-03471-2

145

Nishibori M., Cham B,
McNicol A., Shalev A., Jain
N.,Gerrard J.M. The protein
CD63 is in platelet dense
granules, is deficient in a
patient with Hermansky-
Pudlak  syndrome, and
appears identical to
granulophysin. J Clin Invest,
1993, Vol.91, no 4, pp.
1775-82.

10.1172/3C1116388

146

Niu J, Wang K.,
Zhelyabovska O., Saad
Y. Kolattukudy P.E. MCP-
1-induced protein promotes

10.1124/jpet.113.207316

97



endothelial-like and
angiogenic properties in
human bone marrow
monocytic cells. J
Pharmacol Exp Ther, 2013,
Vol.347, no 2, pp. 288-97.

147

Nomura S., Inami
N.,Iwasaka T. Differences in
functional roles between
activated  platelets and
platelet-derived

microparticles. Thromb
Haemost, 2007, Vol.98, no
5, pp. 1143-4.

10.1160/th07-03-0217

148

Nurden A.T. Platelets,
inflammation and tissue
regeneration. Thromb
Haemost, 2011, Vol.105
Suppl 1, no, pp. S13-33.

10.1160/THS10-11-0720

149

Oh S.P., Seki T., Goss K.A.,
Imamura T., YiY., Donahoe
P.K., Li L., Miyazono K.,
ten Dijke P., Kim S.,Li E.
Activin receptor-like kinase
1 modulates transforming
growth factor-beta 1

10.1073/pnas.97.6.2626

98



signaling in the regulation of
angiogenesis. Proc  Natl
Acad Sci U S A, 2000,
Vol.97, no 6, pp. 2626-31.

150

Olsson A.K.,Cedervall J.
The pro-inflammatory role
of platelets in cancer.
Platelets, 2018, VVol.29, no 6,
pp. 569-573.

10.1080/09537104.2018.1453059

151

Pardali E., Sanchez-
Duffhues G., Gomez-Puerto
M.C.,Ten Dijke P. TGF-
beta-Induced  Endothelial-
Mesenchymal Transition in
Fibrotic Diseases. Int J Mol
Sci, 2017, Vol.18, no 10.

10.3390/ijms18102157

152

Park K.H., Lee T.H., Kim
C.W.,Kim J. Enhancement
of CCL15 expression and
monocyte  adhesion  to
endothelial cells (ECs) after
hypoxia/reoxygenation and
induction of ICAM-1
expression by CCL15 viathe
JAK2/STAT3 pathway in

10.4049/jimmunol.1202284

99



ECs. J Immunol, 2013,
Vol.190, no 12, pp. 6550-8.

153 Parra-lzquierdo ., 10.3389/fimmu.2021.729951
Lakshmanan H.H.S.,
Melrose A.R., Pang J.,
Zheng T.J., Jordan K.R,,
Reitsma S.E., McCarty
0.J.T.,Aslan J.E. The Toll-
Like Receptor 2 Ligand
Pam2CSK4 Activates
Platelet Nuclear Factor-
kappaB  and Bruton's
Tyrosine Kinase Signaling
to Promote Platelet-
Endothelial Cell
Interactions. Front
Immunol, 2021, Vol.12, no,
pp. 729951.
154 Patel P., Michael J.V., Naik 10.1111/jth.15265

U.P.,McKenzie S.E. Platelet
FcgammaRIIA in immunity
and thrombosis: Adaptive
immunothrombosis. J
Thromb Haemost, 2021,
Vol.19, no 5, pp. 1149-1160.

100



155

Patel SR, Hartwig
J.H.,Italiano J.E., Jr. The
biogenesis of platelets from
megakaryocyte proplatelets.
J Clin Invest, 2005, Vol.115,
no 12, pp. 3348-54.

10.1172/3C126891

156

Peerschke E.l, Yin
W.,Ghebrehiwet B.
Complement activation on
platelets: implications for
vascular inflammation and
thrombosis. Mol Immunol,
2010, Vol.47, no 13, pp.
2170-5.

10.1016/j.molimm.2010.05.009

157

Perez-Pujol  S., Marker
P.H.,Key N.S. Platelet
microparticles are
heterogeneous and highly
dependent on the activation
mechanism: studies using a
new digital flow cytometer.
Cytometry A, 2007, Vol.71,
no 1, pp. 38-45.

10.1002/cyto.a.20354

158

Peterson J.E., Zurakowski
D., Italiano J.E., Jr., Michel
L.V., Fox L. Klement

10.1002/ajh.21732

101



G.L.,Folkman J. Normal
ranges of angiogenesis
regulatory proteins in human
platelets. Am J Hematol,
2010, Vol.85, no 7, pp. 487-
93.

159

Pilard M., Ollivier E.L.,
Gourdou-Latyszenok V.,
Couturaud F.,Lemarie C.A.
Endothelial Cell Phenotype,
a Major Determinant of
Venous Thrombo-
Inflammation. Front
Cardiovasc Med, 2022,
Vol.9, no, pp. 864735.

10.3389/fcvm.2022.864735

160

Pipili-Synetos E.
Papadimitriou
E.,Maragoudakis M.E.
Evidence that platelets
promote tube formation by
endothelial cells on matrigel.
Br J Pharmacol, 1998,
Vol.125, no 6, pp. 1252-7.

10.1038/sj.bjp.0702191

161

Polentarutti N., Introna M.,
Sozzani S., Mancinelli R.,
Mantovani G.,Mantovani A.

- https://pubmed.ncbi.nlm.nih.gov/9346360/

102



Expression of monocyte
chemotactic protein-3 in
human  monocytes and
endothelial  cells.  Eur
Cytokine Netw, 1997, Vol .8,
no 3, pp. 271-4.

162

Prokopi M., Pula G., Mayr
U., Devue C., Gallagher J.,
Xiao Q., Boulanger C.M.,
Westwood N., Urbich C.,
Willeit J., Steiner M., Breuss
J., Xu Q., Kiechl S.,Mayr M.
Proteomic analysis reveals
presence of platelet
microparticles in endothelial
progenitor cell cultures.
Blood, 2009, Vol.114, no 3,
pp. 723-32.

10.1182/blood-2009-02-205930

163

Puhm F. Boilard
E. Machlus K.R. Platelet
Extracellular Vesicles:

Beyond the Blood.
Arterioscler Thromb Vasc
Biol, 2021, Vol.41, no 1, pp.
87-96.

10.1161/ATVBAHA.120.314644

103



164

Quintanilla M., Castillo G.,
Kocic J.,Santibanez J.F.,
TGF-p and MMPs: A
complex regulatory loop
involved in tumor
progression, in  Matrix
Metalloproteinases:

Biology, Functions and
Clinical Implications, N.
Oshiro and E. Miyagi,
Editors. 2012, Nova
Science. p. 1-38.

https://pubmed.ncbi.nim.nih.gov/29115550/

165

Radziwon-Balicka A,
Moncada de la Rosa C.,
Zielnik B, Doroszko
A.Jurasz P. Temporal and
pharmacological
characterization of
angiostatin  release and
generation by  human
platelets: implications for
endothelial cell migration.
PLoS One, 2013, Vol.8, no
3, pp. €59281.

10.1371/journal.pone.0059281

166

Randriamboavonjy
V. Fleming |. Platelet
communication with the

10.1042/CS20180580

104



vascular wall: role of
platelet-derived
microparticles and non-
coding RNAs. Clin Sci
(Lond), 2018, Vol.132, no
17, pp. 1875-1888.

167

Rao L., Giannico D., Leone
P., Solimando A.G,,
Maiorano E., Caporusso C.,
Duda L., Tamma R.,
Mallamaci R., Susca N.,
Buonavoglia A., Da Via
M.C., Ribatti D., De Re V.,
Vacca A.,Racanelli V. HB-
EGF-EGFR Signaling in
Bone Marrow Endothelial
Cells Mediates
Angiogenesis  Associated
with  Multiple Myeloma.
Cancers  (Basel), 2020,
Vol.12, no 1.

10.3390/cancers12010173

168

Rendu F.,Brohard-Bohn B.
The platelet release reaction:
granules' constituents,
secretion and functions.

10.1080/09537100120068170

105



Platelets, 2001, VVol.12, no 5,
pp. 261-73.

169

Roberts A.B.,Sporn M.B.
Regulation of endothelial
cell growth, architecture,
and matrix synthesis by
TGF-beta. Am Rev Respir
Dis, 1989, Vol.140, no 4, pp.
1126-8.

10.1164/ajrccm/140.4.1126

170

Santerre K., Cortez Ghio
S.,Proulx S. TGF-beta-
Mediated Modulation of
Cell-Cell Interactions in
Postconfluent Maturing
Corneal Endothelial Cells.
Invest Ophthalmol Vis Sci,
2022, Vol.63, no 11, pp. 3.

10.1167/i0vs.63.11.3

171

Sarabi A., Kramp B.K,
Drechsler M., Hackeng
T.M., Soehnlein O., Weber
C., Koenen R.R.,Von
Hundelshausen P.
CXCL4L1 inhibits
angiogenesis and induces
undirected endothelial cell
migration without affecting

10.1111/j.1538-7836.2010.04119.x

106



endothelial cell proliferation
and monocyte recruitment. J
Thromb Haemost, 2011,
Vol.9, no 1, pp. 209-19.

172

Schafer A., Schulz C.,,
Eigenthaler M., Fraccarollo
D., Kobsar A., Gawaz M.,
Ertl G., Walter
U.,Bauersachs J. Novel role
of the membrane-bound
chemokine fractalkine in
platelet  activation and
adhesion. Blood, 2004,
Vol.103, no 2, pp. 407-12.

10.1182/blood-2002-10-3260

173

Schmidt E.M., Schmid E.,
Munzer P., Hermann A.,
Eyrich A.K., Russo A,
Walker B., Gu S., vom
Hagen J.M., Faggio C.,
Schaller M., Foller M.,
Schols L., Gawaz M., Borst
O., Storch A., Stournaras
C.,Lang F. Chorein
sensitivity of cytoskeletal
organization and
degranulation of platelets.

10.1096/f].13-229286

107



FASEB J, 2013, Vol.27, no
7, pp. 2799-806.

174

Semple J.W., ltaliano J.E.,
Jr.,Freedman J. Platelets and
the immune continuum. Nat
Rev Immunol, 2011, Vol.11,
no 4, pp. 264-74.

10.1038/nri2956

175

Shellenberger T.D., Wang
M., Gujrati M., Jayakumar
A., Strieter R.M., Burdick
M.D., loannides C.G,,
Efferson C.L., EI-Naggar
A K., Roberts D., Clayman
G.L.,Frederick M.J.
BRAK/CXCL14 is a potent
inhibitor of angiogenesis
and a chemotactic factor for
immature dendritic cells.
Cancer Res, 2004, Vol.64,
no 22, pp. 8262-70.

10.1158/0008-5472.CAN-04-2056

176

Shih C.H., Chiang
T.B.,Wang W.J. A critical
role for the regulation of Syk
from  agglutination  to
aggregation in  human
platelets. Biochem Biophys

10.1016/j.bbrc.2013.12.001

108



Res Commun, 2014,
Vol.443, no 2, pp. 580-5.

177

Shu Z., Tan J.,, Miao
Y. Zhang Q. The role of
microvesicles  containing
microRNAs in  vascular
endothelial dysfunction. J
Cell Mol Med, 2019, Vol.23,
no 12, pp. 7933-7945.

10.1111/jcmm.14716

178

Sidiropoulou S., Papadaki
S., Tsouka A.N.,
Koutsaliaris I.K.,
Chantzichristos V.G,
Pantazi D., Paschopoulos
M.E., Hansson
K.M., Tselepis A.D. The
Effect of Platelet-Rich
Plasma on Endothelial
Progenitor Cell
Functionality.  Angiology,
2021, Vol.72, no 8, pp. 776-
786.

10.1177/0003319721998895

179

Siegel-Axel D.l.,Gawaz M.
Platelets and endothelial
cells. Semin Thromb

10.1055/s-2007-969025

109



Hemost, 2007, VVol.33, no 2,
pp. 128-35.

180

Simons M., Gordon
E.,Claesson-Welsh L.
Mechanisms and regulation
of  endothelial  VEGF
receptor signalling. Nat Rev
Mol Cell Biol, 2016, Vol.17,
no 10, pp. 611-25.

10.1038/nrm.2016.87

181

Sinauridze E.l, Kireev
D.A, Popenko N.Y.,
Pichugin A.V., Panteleev
M.A., Krymskaya
0.V.,Ataullakhanov F.l.
Platelet microparticle
membranes have 50- to 100-
fold higher specific
procoagulant activity than
activated platelets. Thromb
Haemost, 2007, Vol.97, no
3, pp. 425-34.

10.1160/TH06-06-0313

182

Somajo S., Koshiar R.L.,
Norstrom E.,Dahlback B.
Protein S and factor V in
regulation of coagulation on
platelet microparticles by

10.1016/j.thromres.2014.04.031

110



activated protein C. Thromb
Res, 2014, Vol.134, no 1,
pp. 144-52.

183

Staatz W.D., Rajpara S.M.,
Wayner E.A., Carter
W.G.,Santoro S.A. The
membrane glycoprotein la-
lla (VLA-2) complex
mediates the Mg++-
dependent adhesion  of
platelets to collagen. J Cell
Biol, 1989, Vo0l.108, no 5,
pp. 1917-24.

10.1083/jch.108.5.1917

184

Stamatovic S.M., Keep R.F.,
Kunkel  S.L.,Andjelkovic
A.V. Potential role of MCP-
1 in endothelial cell tight
junction 'opening': signaling
via Rho and Rho kinase. J
Cell Sci, 2003, Vol.116, no
Pt 22, pp. 4615-28.

10.1242/jcs.00755

185

Suffee N., Hlawaty H.,
Meddahi-Pelle A., Maillard
L., Louedec L., Haddad O.,
Martin L., Laguillier C.,
Richard B., Oudar O.,

10.1007/s10456-012-9285-x

111



Letourneur D., Charnaux

N.,Sutton A.
RANTES/CCL5-induced
pro-angiogenic effects

depend on CCR1, CCR5 and
glycosaminoglycans.
Angiogenesis, 2012, Vol.15,
no 4, pp. 727-44.

186

Suffee N., Le Visage C.,
Hlawaty H., Aid-Launais R.,
Vanneaux V., Larghero J.,
Haddad O., Oudar O,
Charnaux N.,Sutton A. Pro-
angiogenic effect of
RANTES-loaded
polysaccharide-based
microparticles for a mouse
ischemia therapy. Sci Rep,
2017, Vol.7, no 1, pp.
13294,

10.1038/s41598-017-13444-7

187

Sulpice E., Ding S,
Muscatelli-Groux B., Berge
M., Han Z.C., Plouet J.,
Tobelem G.,Merkulova-
Rainon T. Cross-talk
between the VEGF-A and
HGF signalling pathways in

10.1042/BC20080221

112



endothelial cells. Biol Cell,
2009, Vol.101, no 9, pp.
525-39.

188

Sun X., Lu Q., Yegambaram
M., Kumar S., Qu N,
Srivastava A., Wang T.,
Fineman J.R..Black S.M.
TGF-betal attenuates
mitochondrial bioenergetics
in  pulmonary  arterial
endothelial cells via the
disruption ~ of  carnitine
homeostasis. Redox Biol,
2020, Vol.36, no, pp.
101593.

10.1016/j.redox.2020.101593

189

SunY., Liu X.L., Zhang D.,
Liu F., Cheng Y.J., Ma Y.,
Zhou Y.J.,Zhao Y. X.
Platelet-Derived Exosomes
Affect the Proliferation and
Migration of  Human
Umbilical Vein Endothelial
Cells Via miR-126. Curr
Vasc Pharmacol, 2019,
Vol.17, no 4, pp. 379-387.

10.2174/1570161116666180313142139

113



190

Szilagyi B., Fejes Z,
Rusznyak A., Fenyvesi F.,
Pocsi M., Halmi S., Griger
Z., Kunapuli S.P.,
Kappelmayer J.,Nagy B., Jr.
Platelet Microparticles
Enriched in  miR-223
Reduce ICAM-1-Dependent
Vascular Inflammation in
Septic  Conditions. Front
Physiol, 2021, Vol.12, no,
pp. 658524.

10.3389/fphys.2021.658524

191

Tanegashima K., Suzuki K.,
Nakayama Y., Tsuji K,
Shigenaga A, Otaka
A Hara T. CXCL14 is a
natural inhibitor of the
CXCL12-CXCR4 signaling
axis. FEBS Lett, 2013,
Vol.587, no 12, pp. 1731-5.

10.1016/j.febslet.2013.04.046

192

Taraboletti  G., Belotti
D.,Giavazzi R.
Thrombospondin modulates
basic fibroblast growth
factor activities on

10.1007/978-3-0348-7001-6_32

114



endothelial cells. EXS,
1992, Vol.61, no, pp. 210-3.

193

Urbantat R.M., Blank A.,
Kremenetskaia 1., Vajkoczy
P., Acker G.,Brandenburg S.
The CXCL2/IL8/CXCR2
Pathway Is Relevant for
Brain Tumor Malignancy
and Endothelial Cell
Function. Int J Mol Sci,
2021, Vol.22, no 5.

10.3390/ijms22052634

194

Urbich C., Dernbach E.,
Aicher A, Zeiher
A.M..Dimmeler S. CD40
ligand inhibits endothelial
cell migration by increasing
production of endothelial
reactive oxygen species.
Circulation, 2002, Vol.106,
no 8, pp. 981-6.

10.1161/01.cir.0000027107.54614.1a

195

Ursoli Ferreira F., Eduardo
Botelho Souza L., Hassibe
Thome C., Tomazini Pinto
M., Origassa C., Salustiano
S., Marcel Faca V., Olsen
Camara N., Kashima

10.3390/ijms20030458

115



S.,Tadeu Covas D.
Endothelial Cells Tissue-
Specific Origins  Affects
Their Responsiveness to
TGF-beta2 during
Endothelial-to-
Mesenchymal  Transition.
Int J Mol Sci, 2019, Vol.20,
no 3.

196

van der Poll T.,Parker R.I.
Platelet  Activation and
Endothelial Cell
Dysfunction. Crit Care Clin,
2020, Vol.36, no 2, pp. 233-
253.

10.1016/j.ccc.2019.11.002

197

van Meeteren L.A.,ten Dijke
P. Regulation of endothelial
cell plasticity by TGF-beta.
Cell Tissue Res, 2012,
Vol.347,no 1, pp. 177-86.

10.1007/s00441-011-1222-6

198

Van Raemdonck K., Gouwy
M., Lepers S.A., Van
Damme J.,Struyf S.
CXCL4L1 and CXCL4
signaling in human
lymphatic and

10.1007/s10456-014-9417-6

116



microvascular  endothelial
cells and activated
lymphocytes: involvement
of mitogen-activated protein
(MAP) kinases, Src and
p70S6 Kinase.
Angiogenesis, 2014, Vol.17,
no 3, pp. 631-40.

199

Varshney R., Murphy B.,
Woolington S., Ghafoory S.,
Chen S., Robison
T.,Ahamed J. Inactivation of
platelet-derived TGF-betal
attenuates aortic  stenosis
progression in a robust
murine model. Blood Adyv,
2019, Vol.3, no 5, pp. 777-
788.

10.1182/bloodadvances.2018025817

200

Ventura E., Weller M.,
Macnair W., Eschbach K.,
Beisel C., Cordazzo C.,

Claassen M., Zardi
L.,.Burghardt 1. TGF-beta
induces oncofetal
fibronectin that, in turn,
modulates TGF-beta

superfamily signaling in

10.1242/jcs.209619

117



endothelial cells. J Cell Sci,
2018, Vol.131, no 1.

201

Verma S.,Lovren F.
Evolving Role of
Microparticles in  the
Pathophysiology of
Endothelial ~ Dysfunction.
Clinical Chemistry, 2013,
Vol.59, no 8, pp. 1166-1174.

10.1373/clinchem.2012.199711

202

Wagner D.D. Cell biology of
von Willebrand factor. Annu
Rev Cell Biol, 1990, Vol.6,
no, pp. 217-46.

10.1146/annurev.ch.06.110190.001245

203

Wabhl M.L., Moser
T.L.,Pizzo S.V. Angiostatin
and anti-angiogenic therapy
in human disease. Recent
Prog Horm Res, 2004,
Vol.59, no, pp. 73-104.

10.1210/rp.59.1.73

204

Walia A., Yang J.F., Huang
Y.H., Rosenblatt M.l
Chang J.H.,Azar D.T.
Endostatin's emerging roles
in angiogenesis,
lymphangiogenesis, disease,

10.1016/j.bbagen.2015.09.007

118



and clinical applications.
Biochim Biophys Acta,
2015, Vol.1850, no 12, pp.
2422-38.

205

Wang L., Dutta S.K,
Kojima T., Xu X., Khosravi-
Far R., Ekker
S.C.,Mukhopadhyay D.
Neuropilin-1 modulates
p53/caspases axis to
promote endothelial cell
survival. PLoS One, 2007,
Vol.2, no 11, pp. e1161.

10.1371/journal.pone.0001161

206

Wang M.Liu R. CXCL16
protects against oxygen and
glucose deprivation-induced
injury in human
microvascular  endothelial
cells-1: Potential role in
ischemic stroke. J Cell
Physiol, 2019, Vol.234, no
11, pp. 20149-20160.

10.1002/jcp.28616

207

Wang S., Lu X.A,, LiuP., Fu
Y., Jia L., Zhan S.,Luo Y.
Endostatin  has ATPase
activity, which mediates its

10.1158/1535-7163.MCT-14-0836

119



antiangiogenic and
antitumor activities. Mol
Cancer Ther, 2015, Vol.14,
no 5, pp. 1192-201.

208

Wang X.,Khalil R.A. Matrix
Metalloproteinases,
Vascular Remodeling, and
Vascular Disease. Adv
Pharmacol, 2018, Vol.81,
no, pp. 241-330.

10.1016/bs.apha.2017.08.002

209

Wang Z., Zhao G., Zeng M.,
Feng W.,Liu J. Overview of
extracellular vesicles in the
pathogenesis of
preeclampsiadagger.  Biol
Reprod, 2021, Vol.105, no
1, pp. 32-39.

10.1093/biolre/ioab060

210

Wassmer S.C., de Souza
J.B., Frere C., Candal F.J.,
Juhan-Vague I.,Grau G.E.
TGF-betal released from
activated platelets can
induce TNF-stimulated
human brain endothelium
apoptosis: a new mechanism
for microvascular lesion

10.4049/jimmunol.176.2.1180

120



during cerebral malaria. J
Immunol, 2006, Vol.176, no
2, pp. 1180-4.

211

Weber K.S., Nelson P.J.,
Grone H.J.,Weber C.
Expression of CCR2 by
endothelial cells

implications for MCP-1
mediated wound injury
repair and In  vivo
inflammatory activation of
endothelium.  Arterioscler
Thromb Vasc Biol, 1999,
Vol.19, no 9, pp. 2085-93.

10.1161/01.atv.19.9.2085

212

Witte A., Chatterjee M.,
Lang F.,.Gawaz M. Platelets
as a Novel Source of Pro-
Inflammatory  Chemokine
CXCL14. Cellular
Physiology and
Biochemistry, 2017, Vol.41,
no 4, pp. 1684-1696.

10.1159/000471821

213

Wolf P. The nature and
significance  of  platelet
products in human plasma.

10.1111/5.1365-2141.1967.tb08741.x

121



Br J Haematol, 1967,
Vol.13, no 3, pp. 269-88.

214

Wu Q., Tu H.,Li J
Multifaceted  Roles  of
Chemokine C-X-C Motif
Ligand 7 in Inflammatory
Diseases and Cancer. Front
Pharmacol, 2022, Vol.13,
no, pp. 914730.

10.3389/fphar.2022.914730

215

Wu X., Ma J., Han J.D.,
Wang N.,Chen Y.G. Distinct
regulation of gene
expression in human
endothelial cells by TGF-
beta and its receptors.
Microvasc  Res, 2006,
Vol.71, no 1, pp. 12-9.

10.1016/j.mvr.2005.11.004

216

Yadav S.,Storrie B. The
cellular basis of platelet

secretion: Emerging
structure/function
relationships. Platelets,

2017, Vol.28, no 2, pp. 108-
118.

10.1080/09537104.2016.1257786

122



217

Yamada M., Kim S,
Egashira K., Takeya M.,
Ikeda T., Mimura O.,Iwao
H. Molecular mechanism
and role of endothelial
monocyte chemoattractant
protein-1  induction by
vascular endothelial growth
factor. Arterioscler Thromb
Vasc Biol, 2003, Vol.23, no
11, pp. 1996-2001.

10.1161/01.ATV.0000096208.80992.63

218

Yan J., Bao H., Fan Y.J,
Jiang Z.L., Qi Y.X.,Han Y.
Platelet-derived
microvesicles promote
endothelial progenitor cell
proliferation in intimal
injury by delivering TGF-
betal. FEBS J, 2020,
Vol.287, no 23, pp. 5196-
5217.

10.1111/febs.15293

219

YiD., LiuB.,Wang T., Liao
Q., Zhu MM., Zhao
Y.Y..Dai Z. Endothelial
Autocrine Signaling through
CXCL12/CXCR4/FoxM1

AXis Contributes to Severe

10.3390/ijms22063182

123



Pulmonary Arterial
Hypertension. Int J Mol Sci,
2021, Vol.22, no 6.

220

Yoshida M., Okubo N.,
Chosa N., Hasegawa T., Ibi
M., Kamo M., Kyakumoto
S./Ishisaki A. TGF-beta-
operated growth inhibition
and translineage
commitment into smooth
muscle cells of periodontal
ligament-derived

endothelial progenitor cells
through Smad- and p38
MAPK-dependent signals.
Int J Biol Sci, 2012, Vol.8,
no 7, pp. 1062-74.

10.71501/ijbs.4488

221

Yu G., Rux AH., Ma P.,
Bdeir K.Sachais B.S.
Endothelial expression of E-
selectin is induced by the
platelet-specific chemokine
platelet factor 4 through
LRP in an NF-kappaB-
dependent manner. Blood,

10.1182/blood-2004-07-2617

124



2005, Vol.105, no 9, pp.
3545-51.

222

Yu X., Zhao R., Lin S., Bai
X., Zhang L., Yuan S.,Sun
L. CXCL16 induces
angiogenesis in autocrine
signaling pathway involving
hypoxia-inducible  factor
lalpha in human umbilical
vein endothelial cells. Oncol
Rep, 2016, Vol.35, no 3, pp.
1557-65.

10.3892/0r.2015.4520

223

Yuan X., WuH., Li X., Chen
L., Xiao Y., Chen Z., Liu
G.,Lu P.
SDF-1alpha/CXCR4
signaling promotes capillary
tube formation of human
retinal vascular endothelial
cells by activating ERK1/2
and PI3K pathways in vitro.
Mol Med Rep, 2022, VVol.26,
no 4.

10.3892/mmr.2022.12821

224

Yun S.H., Sim E.H., Goh
R.Y., Park J.I..Han J.Y.
Platelet Activation: The

10.1155/2016/9060143

125



Mechanisms and Potential
Biomarkers. Biomed Res
Int, 2016, Vol.2016, no, pp.
9060143.

225

Zhang C., Xia D., Li J,
Zheng Y., Weng B., Mao H.,
Mei J., Wu T., Li M.,Zhao J.
BMSCs and Osteoblast-
Engineered ECM
Synergetically Promotes
Osteogenesis and
Angiogenesis in an Ectopic
Bone Formation Model.
Front Bioeng Biotechnol,
2022, Vol.10, no, pp.
818191.

10.3389/fbioe.2022.818191

226

Zhang J., Zhang H., Chen
Y. Ful., LeiY., SunlJ. Tang
B. Platelet-derived growth
factor D promotes the
angiogenic  capacity  of
endothelial progenitor cells.
Mol Med Rep, 2019, Vol.19,
no 1, pp. 125-132.

10.3892/mmr.2018.9692

227

Zhang Y., Fan K. Xu
X.,Wang A. The TGF-betal

10.1089/dna.2019.5194

126



Induces the Endothelial-to-
Mesenchymal Transition via
the UCA1/miR-455/ZEB1
Regulatory Axis in Human
Umbilical Vein Endothelial
Cells. DNA Cell Biol, 2020,
Vol.39,no 7, pp. 1264-1273.

228

Zhang Y., Ma K.L., Gong
Y.X., Wang G.H., Hu Z.B.,
Liu L., Lu J., Chen P.P., Lu
C.C., Ruan X.Z..Liu B.C.
Platelet Microparticles
Mediate Glomerular
Endothelial Injury in Early
Diabetic Nephropathy. J Am
Soc Nephrol, 2018, Vol.29,
no 11, pp. 2671-2695

10.1681/ASN.2018040368

229

Zhang Y., Zhang W., Zha
C.,Liu Y. Platelets activated

by the anti-
beta2GPI/beta2GPI

complex release
microRNAs  to  inhibit
migration and tube

formation of human
umbilical vein endothelial

10.1186/s11658-018-0091-3

127



cells. Cell Mol Biol Lett,
2018, Vol.23, no, pp. 24.

230

Zhuge X., Murayama T.,
Arai H., Yamauchi R.,
Tanaka M., Shimaoka T.,
Yonehara S., Kume N.,
Yokode M.,Kita T. CXCL16
is a novel angiogenic factor
for human umbilical vein
endothelial cells. Biochem
Biophys Res Commun,
2005, Vol.331, no 4, pp.
1295-300

10.1016/j.bbrc.2005.03.200

128



