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Pestome. Kon momup snoomenuiicunune yeuur omuau (VEGF-vascular endothelial growth factor) - aneuozenes sa
KOH MOMUPAAp YCUWUHU HA30PAM KULYEYU MYXuUM oMuiiapoan oupu xucooranaou. Cysk Ko momuprapea 6ou 6yauo,
VEGF aneuocenesea mavcup smean xonda smbpuonan 6a HOCMAIMOPUOHANL OCMeo2eHes2d, Xamoa CKelem
MYKUMALAPUHUHE DEMOOENAYUS HCAPACHApUOa MyXum axamusm xac6 smadu. Bemoprapoa cysx muxnanuwu 6a
peceHepayusCUHURe OY3UTUIMUHURE ACOCUOd KVN JHCUXAMOAH av300acu KOoH atllanuwudazu myammonap émaou. Ly
ypunoa VEGFuune cysknune penapamué mukiawuwiy 6a Qu3UOLOSUK peceHepayuacuoacu YPHUHU 64 aXAMUSMUHU
Vpeanuw unmuil  mMaokuKomuuaap oaouea myxum eazugpanrapuu  Kyaou. Ywby maxorada VEGF ea  ynumne
U30QopMaAnNapuHUHe X03Upeaia YPeaHuieaH Mypau ab301apodsu 8a XHcApaéHaapoasu easugacu Xamoda uuimupoxu,
WIYHUH2OEK, CYAK pe2eHepayuacuoadzu poauea 6a2uiianean uimull aoabuémuap 6a uslaHuwaap maxaui KUIUHeaH.

Kanum cyznap:. kon momup snoomenuti ycuwt omunu — VEGF, VEGFR, cysx pecenepayusicu, snooxonopan occu-
Quxayus, uHmpa-memopano3 cyAKIaHUI.

Abstract. Vascular endothelial growth factor (VEGF-vascular endothelial growth factor) is one of the important
factors controlling angiogenesis and growth of blood vessels. Bone is rich in blood vessels, and VEGF plays an important
role in embryonic and postembryonic ontogenesis, as well as in the processes of skeletal tissue remodeling, affecting angi-
ogenesis. At the heart of the disorders of regeneration and regeneration of bones in patients are largely problems with
blood circulation in the organ. At this stage, the study of the place and significance of VEGF in reparative regeneration
and physiological regeneration of bones poses important tasks for scientific researchers. This article analyzes the scien-
tific literature and research on the function and participation of VEGF and its isoforms in various organs and processes
studied so far, as well as its role in bone regeneration.

Keywords: vascular endothelial growth factor — VEGF, VEGFR, bone regeneration, endochondral ossification, in-
tramembranous ossification.

Honzap6iuru. bomka kxynruHa ab3onapAaH  CTPYKTypaJapUHUHT TUKJIAHULLIN pectutyuus
dhapkau VIapokx, IIWKACTIIAHTaH CysSK  IMakiauaa pyu O6epanu, S-HU ab30HUHT TYJIHK THCTO-
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Ba OpraHOTUNHK THUKIAHWIK Ky3atwiagud. Cysk
pereHepanusicu - Oy CysSK XaXMHHHU OIIMPMACHAaH,
JAcTIa0Ku CySK TY3WIMIIMHU TUKJIANl YIYH SHAOTEH
pereHepatuB  MOTeHUMainaH  (oiganaHuIagurad
xapa€H. lllukacTnaHraH CySKHMHI THUKJIQHHIIHA
KyIurab yMyMud Ba MaxXajUIMid oMmiDiapra OOFIHK
OynraHn Mypakka0 jxapaéHIapHU ¥3 MUYUTa OJajH.
CysK THKJIQHUIIM Te€3 CYphaTId Ba MyKaMMall
xapaéH Oymummra kxapamacaan, 10% Oemopmapaa
occu(pukanms xapa€Hu CEKWH Ba CySK Ae]exTiapu
Oounan kewanu [18, 20]. AfiHukca, Cys K OUTMACIUTH
Oosiaup, YMpOB, €JKa Ba COH CySKJIap TpaBMajlapuaa
2-10% xomatmapma  skkon — Kysatwiaam - [17].
Amanuérna cysk OutMaciurud ne0 6 olgaH OpPTHK
JaBpra uy3wiraH sxkapaénra atunaau. Jlexun, AKII
03MK OBKAaT MaxcCyJloTJapu Ba JOpH BOCHUTAJIApH
cudaruHn caHutap Hazopatu Oomkapmacu (FDA)
Tabpudura Kypa, nnaduzap TpaBManapiaa
CYSAKIapHUHT OWTMaciuK xapaéHun 9 oW JaBoM
STULINTA XaMJa YHUHT OXUPrH 3 oinzaa >xapaéHHUHT
WKOOMI TOMOHTa Yy3rapMmarannurura aituwnaau [7].
Anbarra OyHmall Xonmamiapaa, Y30K BakT JaBOM
ATYBYH, CYSIK OXHPJIAPH CKJIEPO3JIaHTaH Ba CHHOBHAI
OuprnaimMa XOCH KHIIyBYH EFOH OVFUM OHIIaH CYSK
OutMacIuruHy Gapkiai oaui J03uM [4].

Onepatus JIaBO yCYJUTapUHUHT
TaKOMWIJIAIIYBH, 3aMOHaBUH  MaTepUaIapHUHT
KYJJIaHUIIK Ba  TallKM  OCTEOCHHTE3, TAalllKH
¢ukcauuss  anmapaTigapd  TE€XHOJOTHAJIAPHUHHUHT

PHUBOXKIIAHUIINTA KapaMaclaH, CYsK CHHUKJIAPUHUHT
KeunknO6 Outmmm €kM  OWUTMACIMTH  ACOCHH
acopatiapaaH oupu 0yau0 keamokna [6]. bas3u cysk
pereHepauysc  CaMapaJOpJIMIMHU  OIIUPYBUYHU
MyoJaxaniap, Macajas, OCTEOIUIACTHKA,
KpaHnodanusul coxaaaru CysK HyKCOHJapHHH KanTa
TUKJIAall Ba JUCTPAKIHOH OCTEOreHe3 Oemopiapna
alipuM  XoJulapja acopatid  kedaaud. byHpait
STHIIMOBYMJIMKHAHT MYMKUH OViraH cababnmapuHu
KOH  alIaHUIIMHUHT  OY3WIMIIH, CYSIK  YCTH
napAacuHUHT MIMKACTJIAHHILIH, 0CTEOIOPO3,
UMMOOHIM3AIASHIHT eTapiu Japaxana
OakapuiIMaraHjiurd,  MIAKAacTIAHWII  COXacujaa
nHpEKIUs MaBXYyIJIUTH Ba OomKamap Owuiad
TymyHTupuil  MymxuH  [13].  KOxopuparunapra
KylluM4a paBULIAAd IIYHH AaWTHII MYMKHUHKH,
HYKCOHJIH pereHepanussHuHT Xyxkaiipa
MeXaHU3MJIapH, yIapHUHT OKCHJI-CHUHTETHK
¢GyHKUIUSICHTa TabCUp KWIYBYM T'eH HHIYKTOPJIAPH
TabCUPH  OCTHAA  pemapaTUB  OCTEOreHE3HHHT
XyCYCHSTIapH eTapyinyia 9KCTIEPUMEHTAI
TQAKUKOTJIAPHUHI  YTKAa3WIMAraHiaurd  Tydaiiau
axmy  ypranwiMarad. Ulyamaii  kummb, cysak
TYKUMaJapUHUHT pernapaTuB pereHepauuschd Ba
THUKJIaHUIII KapaCHUHU ONITUMAJUIAII THPHUIIT
WMKOHUSTIAPUHY Ypranum ¢QyHaaMmeHTanr THOOUET
¢ammap Ba TUOOMETHMHT TYpIM KIWHUK COXalapu
Y49yH A013ap0 MyamMmo OYnu0O kenMokaa. bupnHum
mapra VEGF 30 i#un ongua aHukiaHrad OYiwuoO,

nactmab VEGF-A éxu VPF- Vascular permeability
factor (TomMHp  VTKa3yBUAHJIWTH OMIIN) /€0
HoMmytaHraH. Kynm WWIIMK TaaKUKOTIAp HaTHKacuia
YHUHI yCMaJlap PUBOXKIIAHUIIUAATH, CYSK TYKUMacu
pereHepanusiiaru, SHAOTEIUWArd y3rapuuuiapaa
KAaTHaIlllMIIY, XaMJa CydK KYMHUTH aHTHOTE€HE3H
¢daomnamyBuaarn umTupoku ypranwirad. VEGF
HadakaT KOH TOMHPJIADUHUHT PHUBOXKJIAHUIIA Ba
AQHTMOT'€HE3HUHT 3HT MyXHUM PErylaTopiiapuiad Oupu
cudaruga HIIaNIH, Oanku CKEJIETHUHT
PHBOXIIAHMIIIMIA XaM MyXHM axamusitra ora [16, 21].
Mabaymkn, VEGF  cydk  TukimaHumm — Ba
pereHepanrsaCHHUHT OMp KaH4da OOoCKH4YJIapuaa
WIITUPOK 3Taju, my OwiaH OWp KaTtopna YHUHT

Maxajuuid Ba YMyMUH TabCUpU KyO WUIMUHA
TaJKUKOTYWIAp TOMOHHJAH YypraHwirad. JIekuH
VEGFuu=r XyXKalipaBui MEXaHU3MIIapU

amabuérnapna Tynuk éputmnMarad. Kyiimga yHuUHT
CySK pereHepanuscu xamza OOIIKa HaTOJIOTHK Ba
¢busnonoruk  xapa€Hiamard HUIUTHPOKH, XaMzaa
XyKalpaBui MEXaHU3MIIapU 3aMOHABUI
TaAKUKOTJIapra TasHraH Xoija Kypuo YiuKuiIaau.
VEGF owmsacura mancyo ommiap. CurHan
okcwiapra kupyBun VEGF owmmacu 6  Typra
oymunamu: VEGF-A (VEGF), VEGF-B, VEGF-C,
VEGF-D, VEGF-E Ba mnauentap ycum dakropu
(Placental ~ growth  factor  -PIGF).  Aiipum
amgabuérnapma VEGF-F (mtoH 3axapua
aHWKJIaHTaH)HU XaM Iy owijiara Kuprusumann [14].
BynapuunHr vunna OMpPUHYM AHUKJIAHTAH Ba KEHT
tapkanrad typu VEGF-A xuco0nanu6, sHI0TEIHANT
Xy)KalpaTapHUHT TpoTUQepanuscu, MUTPalisIch Ba
aKTHBALMSICHIA MYXUM axaMmusiTra osra. byHnaH
TaIIKApH, KOH-TOMUPJIAP YTKAa3yBUaHIUIY OPTHIINIA
Ba (eHecTpauusga xam HMIITHPOK 3Taau [8]. Kym
xomnapga  VEGF  xyxaiipa  nuTomazmacuia
OOFaHraH Xojaa OYymu0, Maxaumhmid »Kapoxar EKu
Ooupop (daoaITUPYBUU OMIIUIAP/A XOHIPOILIUT,
sHIOTENUH, Makpodar, ¢pudpodiact, ocreodnact Ba

CWJUTMK ~ MYyIIAKiIap  XykKaWlpaisapdy TOMOHHUAaH
axpanagu. JpTHOOpra MOJUK TOMOHM IIYHIAKH, Y
CYsIK pereHepalusHUHT Jesipin XaMMma

Oockuunapuna Qaon KaTHAIMAIIM OwuiaH Oomrka
yeumr  oMwuiapumaH —axpanmud Typagu [3, 4].
Opamiapia aJbTEpPHATUB  CIUTAWCHUHITA  OOFJIUK
xonna, VEGF MPHKcu TYpTTa acocuit
modopmamapra, seau  VEGF121, VEGF165,
VEGF189 Ba VEGF 206 mnapra TpaHCHsAIus
kwmmHagu  [10]. Ulyar Tapkumiam — JTO3UMKH,
CHYKOHJIapaa y4ta m3odopM, xymiuanad VEGF120,
VEGF164 Ba VEGF188 ¢apk xunmunagu [5]. VEGF
nzodopmManapu Oup OMpHIAH MOJIHUIEHTH] 3aHXKUPH
Oounan ¢dapk kunanu Ba ymap 120, 121, 164, 165 amu-
HOokucioranan wubopar. VEGF 121, 120 »spxun
Tapkanmumy MymkuH 0ynm6, VEGF 189,188 Ba 206
3ca XyXalpaJaH Tallkapy MaTpUKCIa JKOWJallraH
oynamu. VEGF 165, 164 sar xenr tapkanran VEGF
nzodopmacu 6ynuob, ogarna VEGF yHxumsmapuaun
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XalBOHJIAPHHUHT CYSKJIAPUHU JaBoJialll MoJeIapuaa
Ba iN Vitro Taxxpubanapaa Yprauuin yayH HILIaTHIa-
nu [14]. VEGF-B 2 xun, seuu VEGF-B 167 Ba 187
nzodopmanapra sra O0ynuO, WIMHUI TaAKUKOTIApAa
¢akar VEGFR-1 Owman cnoemuduk OOFIaHUIIH
kypcatu6 yrunrad. VEGF-Baunar smOpuonan anrmo-
reHe3qard BasudanapugaH TallKapu, YHUHT XO3UPTH
KyH/Ia aHTUOKCHJIAHT (PYHKIMACH XaM aHHKJIAaHTaH
[5, 16]. VEGF-C Ba -D »5ca osumorenmit
Xykaipanmapuaa JKoMmamran VEGFR-2
(aHrHoreHe3Hn (aoJUTAITHPYBYM peLENTOp) Ba
VEGFR-3 (immm@panTHOTEHE3 1A aXaMHATIIN)
petenTopiapu Epnamuna SMOpHOHAT Ba
nocreMOproHan  JUM(paHTHOTCHE3a  WIITUPOKH
axamustumup. VEGF-D  okcunmaM  TyKuMamapra
eTka3nO Oepumina ¢oliganmaHuIaUTaH MOHOKIOHAT
AaHTUTaHa Ba PEKOMOWHAHT aJCHOBHpYCIAp HILIA0
YUKAPWINILY, aUpPUM YCMa, FOPAK-KOH TOMHpP Ba Ky3
KacaJUIMKJIapuJard WIITHPOKWHU Oaxolamra UMKOH
spatau. Kon 3apmodugaru VEGF-D mukmopu MoHU-
TOPUHTH  JTUM(aHTHONEHOMHOMATO3  KacaJulUr{
TaxJIMIMAa OOIIKA AWArHOCTHK CTpaTerusuiap OwiaH
wKoOuii Hatika 6epaau [20, 21].

PIGF omam 1mrameHTacM  KOMIUIEMEHTAp
JHKcugan xinoHnamTupuirad OynauO, MaTOIOTHK
AQHTHOT€HE3HUHT (YCMaHMHT YCUINM Ba METacTasH,

aTepOCKIIEPO3, abeTHK peTHUHOIIATHSI,
SHJIOMETPUO3,  MEHOpparuii, Imncopuas, aWpum
ayTOMMMYH KacaJUIMKJIap) MYXUM KOMITIOHEHTH
xucobmanaan  [19].  Jlapxakukar, — YTKa3uwiraH

takpubanapaa PIGF nedunuty 6yaran chaxoHmapaa
(denotunuk y3rapunuiap Kysatuiamarad [14, 15, 18,
20]. PIGF 4 Ta mzodopmara sra: PIGF-1 (PIGF131),
PIGF-2 (PIGF 152), PIGF-3 (PIGF 203) Ba PIGF-4
(PIGF 224) [18]. Bynman tamkapu, PIGFuuHr
MUTOTEH Ba aHIMOTEH XYCYCHUSTIapH CyCT Oynuiura
KapamacjJiaH KyJ1 Ba O€K Xamja Iopak HIleMHUiucuIa
aHrnoHe3MHH ¢aomamTupaan [12].  OmOpuon
nmmnantacuscuaa VEGF HuHr pomm karra 0ynmo0,
YHUHT AKCIPECCUSCUSHUHT cycaiumm
XOMHJIQIOPITUKHAHT TYXTaTWINIINATA Ba
OenymTinukka oiaub  kenumu  MymuH - [19].
JmarHocTHK TaxMi KynaMujga oONaiuraH OyJcak,
MPEdKIAMIICHsIIa YHUHT MUKIOPH KaMasianu, akCuHYa
XOMHJIa PUBOXIIAHWIIMHUHT OPTAA KOJMIIMAA dca
opraau [10, 17].

VEGF penentopaapu. VEGF penenrropnapu
CysK TYKMMallapuaa NpeHaTal Ba IOCTHATal IaBp-
napja xam anukyianrad. lllyHu Tabkupian J03UMKH,
SICCH Ba HAWCUMOH CySKJIap/ia YIApHHUHT 3KCIIPECcCHsi-
cuna ¢apku kysatwirad [13]. VEGF penenropnapu-
ra VEGFR1, VEGFR2, VEGFR3, Heiiporunua 1
(Npl1 éxu NRP1) Ba Heiipormumun 2 (Np2 éku NRP2)
kupaau [15]. VEGFR2, VEGFuunr acocuii curan
peneniropu xucobiaanub, VEGFra xaBobaH acocan
SHAOTENMN  XyKalipanapujga  aHTHOTeHe3  Ba
BaCKyJIOTE€HE3 KapaéHiapuaa, KOH-TOMUPIIap
yTKa3yBUaHIMTMHE OLIMpHIIIa KatHamaad [16].

Wnmuit TaJIKUKOTIapaa VEGFuuar MyIIaK
xyxaifpanmapura tascupu octumpa VEGFR2 penen-
TOpJAPUHUHT UIITHPOKH aHUKJIaHTaH. by Ounan Typ-
T NIMKACTJIAHUIIUIAPJaH KEeHHH CKelleT MylIaKiapu-
HUHI TUKJIAHUIINAA KOH TOMHP SHAOTEIMHCH YCHII
OMWJIM MYXUM axaMUSITIa 3ra 3KaHJIUTHHU TYIIyHTH-
puir MyMKHH [6].

VEGFR1 6upunuunapgan anukiaanran VEGF
penenropu xucobnanaau. Undan tashqgari VEGFRI,
PIGF Ba VEGF-B ra xam 6upuxaau [38]. VEGFR1
HUHT anbTEpHATHB CIUIAHCHHITA OOFIHK XOJJa
spyBuUaH Ba MeMmOpaHa OmyiaH OOfJIaHTaH LIAKIUIAPH
anmkmanran [12]. Xap O6mp VEGF penenropu
cneruduk xycycusitra sra. VEGF-R1 suupotenuan,
reMaTONOd3HUHT  ¥3aK  XyXalpacd, MOHOIMT,
Makpodar, OCTeoKJIacT, HEHpOHIap Ba KeHHHYAIHK
MabJIyM Oynuiv4a, Typiau YycMma Xyxkaipanapuua
HaMOEH Oynanm. WkxuHun TypAaru
PeLEeNnTOPIapHUHT JIOKAIU3AHUACH YHIOTEINOLUT Ba
Merakapuonutiap OwmaH ueknanrad. VEGF-R3
nuMmdanruorenes OwnaH  Oormuk Ba  amuMda
KallWJUISIpIIapy SHIOTENUAN Xy)Kalpanapuaa MaBxKyxd
[7]. VEGF-C Ba yuunar penentopu VEGFR-3,
IODaKHUHT  JIUMQaHrHoreHesn  Ba  JUMQaTHK
(GYHKUMSCUHU Kyuyaitupuo, SJUTAFTIAHAI
XyXalpanapuHUHT YUKHO KETHIII HyIuHU
TabMHUHIIAHAM, XaMJia OpaK MIUIIMIIUHE Oaprapad
STHIITa Ba IIUKACTJIAHTaH IOPaKJard ’KapoxXaTJIapHH
naBonamra €pmam Oepaau [8]. ByHman Ttamkapw,
VEGFR-3 wmuHE cycallTHpWIIl OpKalh IOpak
AIJIOTpaHCIIaHTATIAPUHH cakmab KOJIMII
MexaHu3MIapu yprauwiras [18].

MewmOpanamap apo NRP1 okcuimu smOproHaT
aHTHOTeHEe3la MYXHUM axaMusarra odra 0yimo0,
apTepUOreHe3 Ba KOH TOMUpJap KaiTa TUKIaHUIINAA
xam ¥3 Vypuu Oop. Kymuaman, xkarra Enum
omammapna NRPL1 aprepuoreHe3nn KydainTupuoO,
TYKUMaap MaToJOTHK WIIEMHSICHHH OJIJMHU OJaJIH.
Wnmwuii TagKuKOTIapJa YHHHT canOWii TOMOHIIAPH
XaM  aHUKJIAaHTaH: YCMaHWUHT  PUBOXIJIAHWIINTA
WKOOMI TabCcUp KWIAAM, XamJa KOH TOMHUpIap
VTKa3yBYaHJIMTHHA OMIMPHO, TYKAManap I[IHIIUra
cabab Oynmumm MyMKHH. SlHA ITYHUCH HTUOOPIUKH,
in vitro VEGF165, NRP1 Ba VEGFR2 ¥pracuna
KOMIUIEKC XOCHJI KHJIHO, SHIOTEIUH XyxKaipanapuaa
VEGFR2 wman crumysnaiiau [12]. Xo3upna yHUHT
SARS-CoV-2 (COVID-19 HUHT KY3FaTyBYHCH) YIyH
KOpEIeNnTopINK Basudacu anukaanrax [7, 11].

VEGF xyn omwmapra OVFIMK — Xoyja
Oomkapwianu, SKyMjaamaH Ycum  (pakTopiapu,
TPAHCKPHUIILYSL, TOPMOHJIAP Ba MEXAHUK CTUMYJISICHUS.
Acocan ¥ycMa Ba CysK TYKAMalapuaa THUIOKCHUS
VEGF 3KCIIPECCUACUHUHT acocuii OMMIIA
xucobmaHaau.  XO3UPrd  KyHOA  aHTHOTEHe3
XKapa€Huaa UIITHPOK 3TYBUX 25 JaH OPTHK OMHUIIIAp
MabiayM [l]. T'unockusi xonaTuia HIIra TYLIYBYH
HIF-1 (hypoxia-inducible factor) sa HIF-2 omusuiapu
70 Ta SKUH TEHJap OJKCHPECCUSICHHH OIIMPAaH,
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XyCcycaH aHTHOTEHe3 JKapaéHWHU WHIYTCHUPIOBYU
VEGF ¢axropuan xam [2]. Ogauit a3po6 mapouTaa
HIF-1a runpoxcunnanagu Ba ¢on ['mnmen-Jlunpay
(VHL) ycma cympeccopu €pmamMuga mnpoTeacomal
nmerpamanusra  yapaiou [15]. Lllyam Taskmmian
JO3UMKH,  THUIIOKCHS  XOJNaTHAa  MPOAHTHOTEH
reHJIapHUHT (paosammimm coaup Oynmaau, Oy a3ca
AQHTUOTEeHE3 aKTHBATOPJIAPUHUHT H(OJAIAHHUIINTA Ba
IIMKACTIIAHTaH TYKAMaTapHUHT TpohU3MHUHN
TUKJIAIl y9yH SHCH TOMHpPJIAp XOCHJI OYnumI
MEXaHU3MIIAPUHH HIITa TYIIUPHUINTa ONUO KeaIu.
Kepaxmu TabcUpra SPUIITaHaH CYHT,
AQHTHAHTUOTEH TeHJap Qaoiamany, WHrHOUTOpIIap
AQHTHOTeHE3 Ba KOH TOMHUPIAPUHHUHT YCHIIUHH
TyXTaTanau. XycycaH, aHTHOTeHe3 apaéHiapu (oH
lunmen-Jluanay (VHL) TeHA TOMOHUIAH
oomkapuianu [12]. HIF-1a nenernusicu HaTikacuaa
ocreobnactnapaa VEGF skcnpeccusicu cycasinu. by
3ca aHTHOTEHe3 XamJia OCTEOTreHe3 JKapaCHIapUHUHT
Y3WIHIIUTA OJTUO KeJaan, XaMma Oup BaKTHUHT y3uaa
aca ocreobnactnapaa VHL genernuscu HIF-1a Ba
VEGF  skcnpeccusicunn  ommpanu.  Harmkana
aHTHOTEHE3 Ba CYSKJIaHHUTII xKapaéHmapu
akTuBiIanuiM Kysarwiamu [4, 11]. HIF-lo mgan
tamkapy VEGF  ocreoOmactuk  Xyxkaiipamapna
sKcrpeccuss KuiauHaguran Osterix TpaHCKPHITLHS
¢bakropu TOMOHMAAH Xam Oomkapwiaamu [11].
Masbiaym Oup ropMoHIIap, Iy KyMJIaJaH 3CTPOTeH Ba
napaTUpeou TOPMOHJIAP Xam VEGFuu
OOMKapWIMIIAA MYyXUM axaMusitra osra OyiwmoO,
aémmapna  KoH  IutasmMack  Tapkubmpa  VEGF
MeHomay3ajan keiimH kamasgu [17, 18], Ilyau
TabKUJIAII JIO3MMKH, TakpuOajapia CHYKOHIapAa
OBapUIKTOMHUSIJIaH CVHT, VEGF MUKJIOPU
KaMmalrannuru Kysatuiarad [9]. Kymruna yewm
(axTopiapu CysK PHUBOXKJIAHMIIM Ba [IOCTHATAN CYSK
pereHepanuscuAa WINTHPOK OTHIIUAAH TalIKaph
ocreobnacTiapa VEGF MUKJIOPUHHU Xam
OolIKapuIa MIITHPOK OSTHmIagu. bymapra Oera
tpanchopmarmon yeum omuan (TGF-B-transforming
growth factor beta), cysk MOpP(pOreHETHK OKCHUIH 2
(BMP-bone morphogenetic protein 2) (BMP2),
BMP4 Ba BMP7, uHcynuHra yxmam YCUIl OMHIA
(IGF-insulin-like growth factor) Ba
¢ubpodiactnapuunr yeum omuan 2 (FGF2-
fibroblast growth factors) xupamm [13]. E1 Ba E2
ImpoCTarfJaHIuHIapd xamaa uHrepieiikun-1 (IL-1),
IL-6, IL-8 Kkabu sUUIMFIAQHWII OMHWIUIADH CYSK
pereHepanusicu STUTAFTIAHATI dazacuna
MHUKIOPUHHUHT omumunan tamkapun VEGF xocwmn
Oymummma xam wWmTHpok odrtaam  [6, 11, 13].

Cysaknapaa Ky3aTWiIaguraH MEXaHHK —CTpeccla,
bpTHOOpra MOJIHK TOMOHH LIYHJIAKH,
ocreobnactmapaga VEGF  axpamumm, Onomoruk

peaKknusIapHUHT Kydabummra oaub kemamu [12].
Cuukonnapaa onu6d 6opunran tagkukoTnapaa VEGF
MUKJIOPUHUHT KaMaWWIlY, yiaapJa OCTEONOPO3HUHT
puBOXIaHMIMra 010 Kenran [20].

OmOpuonain  ocreoreHe3qa  VEGFuunr
axamusiTd. MHTpa-MeMOpaHO3 Ba SHAOXOHJpAT
occuukanus 3MOpPHOHAT OCTCOTHMCTOTCHE3WHUHT

Oup-Oupunman  (apKk  KWIYBYM  HKKA  TypHU
xucobnanaan. MHTpa-MeMOpaHO3 OCTEOTHCTOTCHE3
XKapaCHuAa CyiK ME3CHXMMall XyXahpaJapuHHUHT
TYFpUAaH TYFpU ocTeobnacTiapra TpaHchopmanuscu
ky3atTwiagd. CysSKIaHWUIIHUHT Oy Typu siccH
CYAKJIApHUHI pPUBOXKIaHUIIM Owunan keudazu. Iy
OwnaH Oupra, DHHIOXOHIpAN CYSKIAHWAIIAA Y3YH
HAlCUMOH CYSIKJIADHUHT PUBOXJIAHWIIH, OPAJIHK
ToFail opkaiu keuyaaud. By xapaCHma Mme3eHXUMam

XyXailpaiap  XoHapouuTiapra ainaHaad. Kol
TOMUpIIAP WHBA3USICH Ba XOHJPOIUTIIAP
npoiudepanusac  HaTWXKacuia  CysIK  YCHIIH

ky3arunamu [16]. TloctHaTan cyskimap penapanusicu
Ba pereHepanuscd 3MOpPHOHANl CKEJeT PHUBOXKJIAHU-
IIMHUHT  apuM OOCKUWIAPHHU YMYyMJIALITHPAIH
[20]. V3-y3unan SHIOXOHAPAT OCCHUKALMSIAA XaM
[Ty XOJWCAHW KY3aTHII MYMKHH, JIKHH Oy 'kapaH-
napja sSULTUFIaHUIT XyKalpaaapu UINTUPOKU, Xamaa
ME3EeHXUMaJl Y3aK Xy)Kahpaaapu COHMHUHI KaMailu-
mu ypTHOOpra Moymkaup [11]. Octeorene3 Ba aH-
ruoreHe3 Oup Oupu OumaH y3apo OOFIHK kapaéHiap
O0ynub, cysK YcuIIM, pereHepauusiCH Ba PEeMOJes-
OUACHUAA MYXHMM axamusitra dra.  MabiayMKH,
VEGFuuHr 6up anenn reHUHWHT Oy3WJIMIIN aHTHO-
TeHEe3 Ba BaCKyJIOTreHe3 jkapaéHIapuHUHT caIOuid To-
MOHra ¥3rapummura, Oy 03ca pHBOXJIaHAETTaH
XOMHWJIaHHHT HOOya Oyiaummra onu6 kemaau [21].
Illy Ownan Oupra, moctHaran aaBpaa VEGFHuur
CTULIMOBYMJINTH XaM MablIyM OHp ab30 pPHUBOXKIIA-
HUMMHAHT Oy3wmmura om0 kemamu [2]. Ulysum
Tapkuman 1o3uMku, VEGF myxum mennatop cuda-
THJA, CYSIK OCCH(HMKALMSICHHUHT Xap WKKajla Typuaa
XaM UIITHPOK 3Tau [2, 9, 13].

Ilpenartan naBpjia CHYKOHJIApJa YTKa3uiIraH
Taxpubanapaa, pUBOXJIIaHAETTaH SMOPHUOH KpaHHAT
HEPB UYKKHCH XyXaipalapu XHCOOUTa SKCIpPecCHs
kunmuHrad VEGF Tabcupuna, sSMOpHOH XaF KUCMHU/IA
aJIeKBaT KOH aiJIaHWITMHNA CTUMYJUIAIIN aHUKJIAHTaH.
By aca ¥3 HaBOGaTHa 103-KaF cOXacHAard TyrMa fe-
(dexTapHn Kenmud YMKUIl cabablapWHW TYIIYHTH-
pumira umkoH sipatau [4, 7]. VEGF nebununtu, xam
oJamiiap/a, XxaM CHYKOHJIap/a OFUp Japaxkaliaru 13-
XKaF coxacd Je(eKTIapuHUd KeNTUPHO YHKapaiIu.
Mydaccan xkunub aiiTranaa, KpaHHaI HEPB TYKKHCH
xyxkaiiparapu (Cranial neural crest cell-NCC) nan
axparn6 omuaran VEGF Toraii Ba memOpaHO3
cydknap nponrdepanuscH, BaCKYIHPU3AIUSICH Ba
CYSKIIaHUII >Kapa&HIapuHHU OOIIKAPHUINIA HIITHPOK
sramu  [19]. FOxopuma xypcatunran VEGFHu
OOIIKapyBUd OMWIJIAp, CYAK pernapauusicChk Ba
rOMEOCTa3u/JIaru WIITUPOKUHA XyXKaipanap
Japakaculia YpraHwiMIIM CysSIK pereHepanuscy
MYIJaTHHA KHCKApTHUPHUIIIJIATH JIaBO
CTpaTeTWsJIapUHU  WIUIA0  YHKHIIAA ~ MYXUM
axaMHsITra ATaaup.
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DAKTOP POCTA SH/AAOTEJIUA COCY/]OB H ETO
POJIb B ®U3HOJIOTHYECKHX H
HHATOJIOTHYECKHX IIPOIIECCAX

Kypbonos X.P., Jlees P.B., Opunog @.C.

Pe3ome. @axkmop pocma 3HOOmMeENUs: Cocyoos
(VEGF-vascular endothelial growth factor) sensiemcs
OOHUM U3  BAJCHBIX  (AKMOPOS,  KOHMPOIUPYIOUUX
aHeuo2ene3 u pocm KpogeHoCHvix cocy0os. Kocmo 6oeama
Kposenocuvimu cocyoamu, u VEGEF uepaem easicnyro pons
6 IMOPUOHAILHOM U NOCMAMOPUOHANILHOM OHMO2EHE3Ee, A
Makdice 8 NPOYeccax pemoOeIUposansl CKeIemHOl MKAHU,
6IUsIsL HA aneuozenes. B ocnose napyuenuil pecenepayuu u
nepepodicoeHss Kocmeti y Nayuenmos 6 3HaA4UMeNbHOl
cmenenu  Jedicam  npobremvl ¢ KpogoobpaujeHuem 8
opeane. Mzyuenue snauenus VEGEF 6 penapamuenoi u
Quzuonozuneckoll pecenepayuy Kocmel Cmagum 6adcHvle
3a0auu nepeo HAYYHbIMU ucciedosamenimu. B omoil
cmamve  GHATU3UPYemCsl  HAYYHas — aumepamypd U
uccnedosanust, nocesuennvle Qynxkyuu u yyacmuio VEGF
U e20 U30(hopmM 6 PpA3IUUHBIX OpP2AHAX U npoyeccax,
UBYHEHHBIX 00 HACMOSAUE20 BPEMEHU, A MAKICe €20 PO 8
pezenepayuu KOCMHOU MKAHU.

Knwuesvie cnosa: paxmop pocma snoomenus
cocyoos — VEGF, VEGFR, pecenepayus kocmHou mrauu,
9HOOXOHOPANbHOE OKOCMEHeHUe, BHYMPUMEMOPAHO3HOe
oKxocmeHeHue.
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