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0O630p TOCBSAIIEH OHOMY U3 HanboJiee U3BECTHBIX TIPECTABUTEICH ceMelicTBa HelipoTpodudecKnx hakTopos —
ocHoBHOMY (hakTopy pocra pubpobaactoB bFGE O6cyskmatorest ero dynxuuu 8 [ITHC B HOpMe U Tipu maToornye-
CKOM BO3IEHCTBIHN, HEKOTOPbIE MEXaHU3MbI HEHPOMPOTEKTHBHOTO TeHCTBISA, TeparneBTHdeckuii mortennuan bFGF
Jutst jiedenust (DYHKIIMOHAIBHBIX 1 CTPYKTYPHbBIX HApYIIEHUIT HEPBHOI CHCTEMBI IIPU IIEMUH TOJIOBHOTO MO3Ta Pas-
JIMYHOM 9THOJIOTUY, A TAKKE TPU HEeHpojiereHepaTUBHBIX 3a00/eBaHuUsIX. PACCMOTPEHbI aJIETEPHATUBHBIE CIIOCOOBI
JIOCTABKH 9TOr0 GeJIka K TTOBPEKACHHBIM 00IACTSIM TOJOBHOTO MO3Ta.
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UMMYHOZUCTOXUMUSL

The review deals with basic fibroblast growth factor (bFGF), one of the most known representatives of the
family of neutrotrophic factors. It discusses its function in the central nervous system in health and disease, some
mechanisms of neuroprotective action, the therapeutic potential of bFGF for the treatment of functional and
structural disorders of the nervous system in brain ischemia of different etiologies, and in neurodegenerative dis-
eases. Alternative routes for delivery of this protein to injured cerebral regions are considered.
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BBenenne

Heiiponporekius siBjisieTcst BaKHOM cocTaBJIs-
fo1eil HelfpopeaHMMaIlMOHHON MHTEHCUBHOU Tepa-
mmu. /loKa3aHHBIM W OYEBUIHBIM HEHPOMPOTEKTOP-
HBIM JleficTBHeM 00JajaeT TOJBKO TIUIIOTEPMUS,
MIPUYEM 3TO aOCOJIOTHO CIPABEJINBO TOJBKO ISk
TIAIUEHTOB C OCTAHOBKOH cep/Ila 1 HOBOPOKIECHHBIX
C UIMIEMUYECKU-TUTTOKCUUYECKUM TIePUHATATbHBIM
noBpeskienreM Mosra [1].

Cpennt OGIIMPHOTO TOJISI MCCJIE0BAHUIL, 1TO-
CBSAIIEHHBIX TIONCKY 9P (hEKTUBHBIX CITOCO60B GOPb-
OBI ¢ TTIOCTTUTIOKCUYECKUMU dHIe(DaNonaTusImMu, Cy-
[IECTBYET MHOKECTBO PaboT, HalpaBJEHHBIX Ha

Introduction

Neuroprotection is an impotant component of
neurocare. Only hypothermia has demonstrated
proven and obvious neuroprotective potential. This
is absolutely true only for patients with cardiac
arrest and neonatal hypoxic-ischemic perinatal brain
injury [1].

Among numerous studies dedicated to search-
ing effective ways to fight posthypoxic encephalopa-
thy, there are many investigations dealing with vari-
ous neurotrophic factors (neurotrophins) and their
participation in the protection of neurons during
ischemic brain injury.
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n3ydeHue pasJNYHBIX HeHpoTpoduueckux ¢hakTo-
POB, UX y4acTHs B 3aIUTe HEIIPOHOB P HIlIEMIYe-
CKOM TIOBPEKIEHUU TOJIOBHOTO MO3Ta.

Heiiporpodudeckne ¢hakTOpbl — 3TO 9HAOTEH-
Hble GEJIKU, KOTOPbIE UTPAIOT CYIIECTBEHHYIO POJIb B
MOJIZIEPKAHNY, BBDKUBAHUU U AUbPEpeHIInPOBKe
Pa3INYHBIX HeHPOHATBHBIX TTOMYJISIIH B Pa3BUBAIO-
meMcest u 3pesiom Mosre. OHu He0OXOAUMBbI JIJIS HOP-
MaJTbHOTO (DYHKITMOHUPOBAHUS HEPBHOW CHCTEMD,
Y4acTBYIOT B BbICIIEH HEPBHOU JesitesibHOCTH. M3-
MEHECHUS YPOBHS HEHPOTPOGUHOB CBSI3AHBI C PSAIOM
HelpojiereHepaTUBHBIX 3a00JIeBaHUH, TAKUX Kak 60-
ne3Hb Asbrreiivepa, 6Gosestb IlapkuncoHa, Xopes
XaHTUHTTOHA [2].

B wccmenoBanusIx in 0itro m in vivo GBIIO TTOKa-
3aHO, 4TO HelipoTpodudeckre (GaKTOPbl MOTYT OC-
JMabJISATh HOBPEsKAAIONIee IeHCTBIE UIIEMUH, & TAKIKE
YYacTBYIOT B PENapaTUBHBIX IMPOIECCAX, TAKUX KaK
aKCOHAJIbHAS pereHepars, HelipoHaIbHAS MJIACTHY-
HOCTH W Helporenes [3].

B cBssu ¢ aTum npumenenue HelipoTpoduiec-
KuX (baKTOPOB BeChbMa MEPCHEKTUBHO [Tl TIPELy-
MPEKACHUS U KOPPEKINN HapYIICHWH, BHI3BAHHBIX
niemMuen-pernepdysneii.

CemeiictBo (hakTopoB pocra GubpobaaCTOB
(fibroblast growth factors — FGF) otrocuTcst k Heil-
porpodudecknM (hakTopaM W TIPEACTABISET COOOM
rpyIy MHOTOMGYHKIIMOHATIBHBIX CUTHAIBHBIX MOJIe-
KyJI C CAMBIM Pa3HOOOPa3HBIM JeHicTBUEM. Y MJIEKO-
nuratonux cemeiictso FGF coctout us 22-x crpyk-
TYPHO POJICTBEHHBIX OEJTKOB, KOTOPbIE YUaCTBYIOT B
opraHoremrese, peMOJIEJIMPOBAHNN TKaHU, KOHTPOJIE
HEPBHOI CHCTEMBbI, aHTMOTeHe3e U PEeryJNpOBaHUU
obmeHa BerecTB. B 3aBrcumocTu ot criocoba neicr-
BUST, MEXaHM3Ma CEKPEIU U KOHETHOTO OMOTorye-
ckoro pesyJsbrata cemeiictBo FGF nemar ma we-
CKoJIBKO mozceMedicTB. B moncemeiictBo FGF1
BxoaT 6enikn FGF1 u FGF2 [4]. OcHoBHol (akTop
pocra ¢pubpobractop — the basic fibroblast growth
factor (bFGF wiu FGF2) naubosee pacupocrpanen
B IIEHTPAJILHOM HEPBHOH cHCTeMe MO CPaBHEHUIO C
apyrumu wienamu cemeiicrea FGF [5]. Oun upen-
crasJsier co6oit mosmmenTu 18kDa ¢ MoIHBIM TPO-
(brraecknm neficTBIeM Ha HEHPOHBI, TIMIO W 9H/OTeE-
sasbibie kiaerku. Koouesbie dynkiuu bFGF B
HEPBHOI CHUCTEME CXOJHBI ¢ QYHKIIMSIMU HEHPOTPO-
¢dunos. bFGF yuactByer B Hefiporenese, muddepeH-
[UPOBKE HEWPOHOB, TJIMOTeHEe3€e, CTUMYJISIIII POCTA
akconoB. B nopme bFGF yuactByer B cunanrudec-
KOI1 TJIACTUYHOCTH MO3Ta M Ipolieccax 00yueHust 1
namsat [5, 6]. Ilpu HelipoHAJIbHOM TOBPEXKIEHIN
bFGF nosbluiaer BbIKMBAEMOCTb HEHPOHOB, yJIyd-
IAeT PEruOHAJIbHBIN MO3TOBOI KPOBOTOK W CIIpay-
TUHT HEHPOHOB (OT aHIJI. Sprouting, T.e. «IpopacTta-
Hues» akcoHoB) [7-10]. CopayTwHr — 3TO TIpOoIecc
BOCCTaHOBJIEHUS B Tepudepruueckoil HEPBHOI cuc-
TeMe, XapaKTepU3YIOIIMICs OTPacTaHUEM HOBBIX
BETBEH OT aKCOHOB HEPBHBIX BOJIOKOH, YTO 00YCJIOB-

Neurotrophins are endogenous proteins playing
essential role in proliferation, differentiation, sur-
vival and death of neurons. Neurotrophins are indis-
pensable for normal functioning of the nervous sys-
tem and involved in activities of CNS. Quantitative
changes of neurotrophins have been shown to be
associated with a number of neurodegenerative dis-
eases including Alzheimer's disease, Parkinson's dis-
ease, Huntington's chorea [2].

In vitro and in vivo studies shown that trophic
factors may attenuate ischemic injury, also partici-
pate in brain repair-associated processes such as neu-
rogenesis, gliogenesis, oligodendrogenesis, synapto-
genesis and angiogenesis. Therefore the use of
neurotrophic factors seems very promising for the
prevention and correction of disorders caused by
ischemia-reperfusion.

The fibroblast growth factor (FGF) family is a
group of multifunctional signaling molecules pos-
sessing different activities. In mammals, the FGF
family is comprised of 22 structurally related pro-
teins with a wide variety of functions contributing
to organogenesis, tissue modeling, nervous system
control, angiogenesis and regulation of metabolism.
Although structurally related, FGFs exhibit diverse
modes of action, mechanisms of secretion and ulti-
mate biological consequences. The proteins have
been grouped into several subfamilies, each sharing
both genetic and functional similarity. FGF1 and
FGF2 belong to FGF1 subfamily [4]. The basic
fibroblast growth factor (bFGF or FGF-2) is most
common in the central nervous system [5]. It repre-
sents a 18 kDa polypeptide with potent trophic
effects on brain neurons, glia and endothelial cells.
Key functions of bFGF in the nervous system are
similar to the neurotrophins. They participate in
neurogenesis, differentiation, gliogenesis, stimula-
tion of neurite outgrowth. Normally bFGF is
involved in the synaptic plasticity of the brain,
learning and memory [5, 6]. In neuronal damage
bFGF improves regional cerebral blood flow and
sprouting of axons and survival of neurons [7—10].
In ischemic brain damage bFGF plays a pilot role.

Role of bFGF During Ischemia

Endogenous bFGF. Ischemia induces the acti-
vation of bFGF expression. It was shown that in nor-
mal brain tissue bFGF is expressed at low levels but
several hours after focal cerebral ischemia the bFGF
protein levels are increasing in the peri-infarct brain
regions [11—13].

Immunohistochemical studies demonstrated
increases of bFGF expression in both striatum and
fronto-parietal cortex after focal cerebral ischemia
(2-hour middle cerebral artery occlusion — MCAQ)
and 24-h reperfusion [13]. Interestingly, in the stria-
tum bFGF-like immunoreactivity was mainly locat-
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JINBAET TIJIACTUYHOCTh HEHPOHAJIBHON TKaHU U (op-
MUPYET MEXaHW3MbI, YYaCTBYIOIIUE B BOCCTAHOBJIE-
HUW HAPYUIEHHBIX HEBPOJOTUYECKUX (DYHKITUI.
bFGF wurpaet BasHyt0 POJb MPU UIEMUYECKOM TTO-
BPEXK/ICHIT MO3Ta.

Pous bFGF npu nimemun

Auporennsiii bFGE [Ipu uinemMuueckom Bo3-
NEUCTBUU TIPOUCXOAUT AKTUBAIUS IKCIPECCUU
bFGE. Tak, Hanpumep, ObLIO IIOKa3aHO, YTO B HOPME
B TKaHW TOJIOBHOTO Mo3ra yposenb bFGF moBosbHO
HN30K, HO y’Ke Yepe3 HeCKOJIbKO YacoB MIOCJIe 049aro-
BOI UIIEMUU €T0 YPOBEHb PE3KO BO3PACTAET B TIEPU-
nHbapKTHBIX obmacTsx [11-13].

VMMYHOTUCTOXUMUYECKIE UCCJIEOBAHMS BbI-
SBUJIW NoBbIeHne skcnpeccun bFGF B crpuatyme
1 JI0GHO-TEMEHHOIT Kope uepes 24-4 mociie hoKab-
HOT 1lepebpabHO# uireMun (2-X 9acoBast OKKJIIO3HST
cpemneit mosrosoii aprepun — MCAQO) [13]. UnrTe-
PECHO, 4TO B CTPHATYMe B OCHOBHOM OBLJIM UMMYHO-
PEaKTUBHBI aCTPOIUTHI, a B Kope — Heliponsbl. [Ipen-
rmojiaraeTcsl, 9TO B CTPUATYMe AaCTPOIUTHI MOTYT
UTPATh BAKHYIO POJIb B 3alUTe HEHPOHOB, BhIpaba-
ThIBas MoBbIIeHHOE KosmuectBo bFGF; B 10 Bpems
KaK B KOP€ HEeIPOHBI, BEPOSITHO, TIPOSIBJISIOT CBOCT-
BO camosaruTs (self-repare), yBeamumsast BBIpaboT-
Ky 9TOTO OesKa.

C nomomipio Northern-blot-ananusa 6bu10 BbI-
stBsieHo Tobienne yposass bFGF MPHK u Genka
bFGF B Kope 1 THTIITOKaMIIe KPBIC, TIEPEHECIITNX UTITe-
MUYECKUH MHCYJBT, BBI3BAHHDI 60 MUH OKKITIO3HMEi
[PaBOi MO3TOBOU apTepu 1 OOIIUX KAPOTHIHBIX ap-
tepuit. [Tpu atom yposenb skcipeccun bFGF MPHK
OCTaBAJICS TIOBBIIIIEHHBIM B TeUEHUE 2-X He/lesTb Toce
nmremuu [12]. C moMomsbio pa3HbIX MeTO0B (MMMY-
HOGJIOTTHHT, TMOPUAN3AIINS i Siti, UMMYHOTHCTOXH-
Must) uceaegosanu sxcipeccuio bFGF B mosre B3poc-
JIBIX KPBIC TTocTTe (hoKaTbHOTO NH(MAPKTA, BEI3BAHHOTO
nepmanentaoil MCAO [11]. Yepes 1 cyTku 66110 BbI-
sBJIeHO 4-x kpatHoe yBennyerue bFGF MPHK B Tka-
HU, OKpYysKatoleil o6aacTb nHbapkTa (nepunHapKT-
Hag obyactb). Tubpuamsaius in situ ToOKasaia, 4To
POCT DKCIPECCUN MPOMCXOINI B HECKOJBKUX CTPYK-
Typax MIICUIATePaIbHOTO TOIYIIAPUs, B TOM YHCJIe B
JIOOHO-TEMEHHOI1, BUCOYHOI 1 TIOSICHON KOPE, a TAKIKE
B XBOCTATOM SIZIpe, OIETHOM TIape, sSApax Meperopo-
KM, TIpUIeKaleM sape, U OOOHATENTbHOM OyTOpKe.
[Mosbimennas akcnpeccuss bFGF MPHK B arux
CTPYKTypax Obliia CBsi3aHA € KJIETKAMH, WMEMOIIIMU
OTUYETJINBBIE MOP(OJOTHYECKAE MPU3HAKA aCTpPOT-
jgun. [Ipn IMMyHOTHCTOXUMUYECKOM HMCCIIEIOBAHIHI
ObLI0 OOHAPY/KEHO YyBEJIMUYEeHWe pasMepa W 4HCia
bFGF-uMMyHOPEaKTHBHBIX SIZIEP B 9THX CTPYKTYPaXx,
a TakKe Tepexo] OT AMePHOH K S1epPHO-IIUTOIIa3Ma-
TUYECKOW JIOKATM3aIlN MMMYHOPEaKTHBHOCTH, Ha-
ynHag ¢ 1 cyTok, jocturas nuka K 3 cyTKam Iocje
utieMun. J[BoifHOE MMMYHOTHCTOXMMHUYECKOE OKpa-

ed in astrocytes, whereas in frontoparietal cortex
strong induction of bFGF-like immunoreactivity
was mostly observed in neurons. It is assumed that in
striatum, astrocytes may play an important role in
the protection of neurons via the overexpression of
bFGF; whereas in cortex, neurons probably exert an
autoprotection through expressing bFGFE

Northern blot analysis showed an increase in
bFGF mRNA and protein bFGF within the ischemic
cortex and hippocampus of rats subjected to 60 min
ischemic insult induced by transient occlusion of the
right middle cerebral artery and both common
carotid arteries. bFGF mRNA remained elevated for
up to 2 weeks after the onset of reperfusion [12].

Northern blotting, in situ hybridization, and
immunohistochemical techniques were used to
examine bFGF expression in brain following focal
infarction due to permanent occlusion of the proxi-
mal middle cerebral artery in mature rats [11]. After
1 day a 4-fold increase in bFGF mRNA in the tissue
surrounding the infarct area (peri-infarction area)
was revealed. In situ hybridization showed that this
increase was found throughout several structures in
the ipsilateral hemisphere, including frontoparietal,
temporal, and cingulate cortex, as well as in caudop-
utamen, globus pallidus, septal nuclei, nucleus
accumbens, and olfactory tubercle. Increased bFGF
mRNA expression was associated with cells possess-
ing distinct morphological appearance of astroglia in
these structures. Immunohistochemistry showed an
increase in the size and number of bFGF-immunore-
active nuclei in these same structures, as well as a
shift from nuclear to nuclear plus cytoplasmic local-
ization of immunoreactivity beginning on day 1 and
peaking on day 3 after ischemia. Double immunos-
taining identified bFGF-immunoreactive cells as
astroglia in these structures. An exception was the
piriform cortex, in which both increased. bFGF
mRNA levels and increased bFGF-immunoreactivi-
ty were found in neurons on day 1 after ischemia.
Overall, the peak of increased bFGF expression pre-
ceded the peak in expression of the astroglial marker
GFAP within the ipsilateral hemisphere. Increased
bFGF expression may play an important role in the
glial, neuronal, and vascular changes occurring after
focal infarction.

Significance of bFGF in neuronal protection has
been shown recently in a rat model of cardiac arrest
[14]. Histological study revealed cerebellar Purkinje
cell death on the 7th day after resuscitation, as evi-
denced by a decrease in the total density by 13.2%.
Immunohistochemical study demonstrated that the
number of bFGF-negative Purkinje cells in resusci-
tated rats was reduced by 68.8%, and the total num-
ber of bFGF-positive cells did not differ from the con-
trol level. The number of moderately positive neurons
was reduced by 26.0%, while the number of strongly
positive Purkinje cells increased by 40.7%. We
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IIMBaHKE BBISIBUJIO HAJIMYNE UMMYHOPEKTUBHOCTH K
bFGF B knerkax actporymu. Vckiouenuem ObLia 11e-
pucopmMHast Kopa, B HeHpOHAX KOTOPOH HabJIofancst
nosbiennbiil yposenb bFGF MPHK u Genka bFGE
B niesiom, ik akcnpeccun bFGF npenmecrsosa -
Ky 9KcIpeccuu acrporyiuanbioro mapkepa GFAP B
UTICHIATePATbHOM TOJYIIAPUH. JTU TaHHBIE CBU7IE-
TEJILCTBYIOT O TOM, YTO IOBBIIIEHHAS JKCIIPECCHUSsT
bFGF mojker urparh BaskHYIO POJib B TJIMAJIbHBIX,
HEHPOHATIBHBIX U COCYTUCTBIX U3MEHEHUSIX, TPOUCXO0-
JIATINAX TIPU 09arOBOM MH(ApKTe.

3uavennie bFGF st 3amuThl HeHPOHOB HelaB-
HO GBLJIO [TOKA3aHO 1 HA MOJIE/IU BPEMEHHON OCTaHOB-
kU cepana y kpoic [ 14]. Tucronoruvyeckoe uccuenosa-
HI€ BBISIBUIIO THOETH KIeTOK [TypKIHbE MO3/KeUKa Ha
7-e cytku noce peannmarn. O6 9TOM CBUIETEbCT-
BOBAJIO CHIDKeHUE uX o0uiero yrcsia Ha 13,2% B cpas-
HEHUM C KOHTPOJIeM. VIMMYHOTHCTOXUMUYECKOE WUC-
cienoBaHue ypoBHsT akcmpeccun Genka bFGF
MOKAa3aJ10, 4YTO Y PEAaHUMHUPOBAHHBIX KPBIC B CPaBHe-
HUU ¢ KOHTposieM 4uciio bFGF-neratuBHbIX KieTOK
[Typrunbe cHmKamoch Ha 68,8%, a obiiee uncio
bFGF-mo3uTHBHBIX KJIETOK HE OTINYAIOCh OT KOH-
TPOJILHOTO ypoBH:. [Ipn aTOM UnCI0 yMepeHHo 1103u-
TUBHBIX HEWPOHOB ObLIO yMeHbIeHo (Ha 26,0%), a
YHCJIO CUJTBHO TIO3UTUBHBIX KJIETOK [lypKuHbe yBeu-
yeno (Ha 40,7%). YuutbiBasi 1oJydeHHbIe JaHHbIE,
MOKHO 3aKJIIOYHTh, YTO Y PEAHUMUPOBAHHBIX )KUBOT-
HBIX TIPOUCXOJIUI «IIEPEXOi» €1ab0 IKCIIPECCUPYIO-
IIUX KJIETOK B KATETOPUIO CHJIbHO AKCITPECCUPYIONINX,
BCJIEJICTBYE Uero ypoBeHb akcnpeccunt y bFGF B mo-
myJisiiu KaeTok 1lypkunbe Bo3pacTtais. JTH JaHHble
MO3BOJISTIOT TTPEATIOJIOKNTD, YTO BbINA/IEHNE Heipo-
HOB B IMOCTPEAHNMAITMOHHOM TIE€PUOJIE CBSI3aHO C TI0-
tepeil bF GF-HeraTuBHBIX, T.€. He 9KCIPECCUPYIONINX
bFGE, neiiponos. CieoBaTeibHO, CIOCOOHOCTD HEli-
ponoB K akcnpeccun bFGF apisiercst BasxkHbIM hakTo-
POM HIX YCTOWYMBOCTH K UIIEMUH-Periepdy3nn.

B mosib3y aTOTO TIPEATIoNoKe s CBUIETENbCT-
BYIOT ¥ JIaHHbBIE, TIOJIyYeHHble HA JAPYTUX MOJIEJISX
niemnn. Tak, cunkerne yposHst akcripeccun bFGF
B cektope CA1 rumnmokamIia mocJjie BpeMeHHOM uiie-
MUV TIEPETHETO MO3Ta COMPOBOKAATOCH THOETHIO
mUpaMuaHbIX Hetiponos [15]. Ha momenn 2-x gaco-
Boii aBycroporteit MCAQ y Kpbic GbLIO TIOKa3aHO,
YTO BHYTPUBEHHOE BBEICHUE aHECTETUKA TPOTOdO-
Ja 710 peniepdy3un TPUBOANT K YMEHBIIEHNIO 00be-
Ma nH(bapKTa 1 0TEKA MO3Ta, & TAK)Ke HEBPOJIOTUYec-
koro gedunmra. [Tpu aTom sxcripeccuss bFGF MPHK
n 6eska bFGF B o6sacTsx, OKpysKaronux 30Hy WH-
apkTa, y Kpbic ¢ BBefileHneM mpotiodoia Oblia BbI-
1re, 4eM y JKMBOTHBIX ¢ BBemeHueM arebo [16]. C
aktuBaieil akcrpeccun bFGF, a takxe psina napy-
rux dakropos pocra (IGF1, TGFbetal, EGF and
PDGF-A), cBA3BIBAIOT W TIOJIOKUTENbHBIE 9(D(DEKTHI
UIIEMUYECKOTO TTpeKoHAnInonnpoBanus [17]. 3na-
yumocTb augorenHoro bFGF mpu uiemuu rosoBHO-
ro mosra (MCAQ) 6bla TIPOJIEMOHCTPUPOBAHA Y

assumed that the «transition» of poorly expressing
cells to the category of strongly expressing occurred
in resuscitated animals that resulted in increased
bFGF expression in the Purkinje cell population.
These data suggested that the loss of neurons postresus-
citation associated with the loss of bFGF-negative,
i.e., not expressing bFGF, neurons. Consequently, the
ability of neurons to express bFGF is important for
their resistance to ischemia-reperfusion.

This assumption evidenced by data obtained in
other models of ischemia. Thus, the reduced expres-
sion of bFGF in the hippocampal CA1 sector follow-
ing transient forebrain ischemia was accompanied by
pyramidal neurons loss [15].

In a bilateral carotid artery occlusion model in
rats anesthetic propofol was shown to reduce infarct
volume, cerebral edema, and neurological deficits.
Expression of bFGF mRNA and protein bFGF in
peri-infarcted areas in rats with administration of
propofol was higher than in animals with administra-
tion of placebo [16]. Positive effects of ischemic pre-
conditioning were also associated with activation of
the expression of bGF as well as other growth factors
— IGF1, TGFbetal, EGF and PDGF-A [17]. The
importance of endogenous bFGF in cerebral
ischemia (MCAQO) was demonstrated in mice with
null mutation of the bFGF gene [18]. bFGF knock-
out mice have higher mortality and increased infarct
volume versus wild type littermates.

Exogenous bFGF. It was shown that exogenous
bFGF improved the structural and functional brain
state after ischemia [19—21]. Fujiwara et al. [22]
evaluated effects of grafting encapsulated bFGF-
secreting cells in rat brains 7 days prior to permanent
right MCAO. The authors found that the infarct vol-
ume in the group with transplantation was reduced
compared to control. The number of apoptotic cells in
the penumbral ischemic zone also decreased.

Infusion of bFGF into the common carotid
artery after left MCAO in rats resulted in a signifi-
cant decrease in infarct size and increase in cerebral
blood flow [10]. Intraventricular infusion of recom-
binant adenovirus vector expressing bFGF on day 2
after after focal cerebral ischemia in rats reduced
infarct volume and improved neurological function
[20]. bFGF injection to rats with MCAO improved
neurological recovery and promoted the preserva-
tion of cholinergic neurons in the hippocampus [21].

Together, the data provide the evidence that
bFGF is important for neuroprotection suggesting the
bFGF as crucial target gene for developing new thera-
peutic strategies in brain ischemia.

The Mechanisms
of bFGF Neuroprotection

Positive effects of bFGF are related to its abili-
ty to inhibit the activity of pro-inflammatory factors
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Mbliell ¢ nysaesoil myranueil rena bFGF [18]. Oxa-
3asoch, uT0 y bFGF-HOKayTHBIX MBIIIEH 110 cpaBHe-
HUIO C MBIIIAMU JUKOTO THTA GblIa BBIIIE CMepT-
HOCTB 1 60JIbINE pazMepbl 001acTh nHpapPKTA.

Ixsorennsiii bFGFE. ITokazano, 4To 9Kk30reHHOe
Beesierne bFGF yuyuriaer cTpyKTypHO-(MYHKIINO-
HaJbHOE COCTOsTHMe Mo3ra mocie wmemnn [19-21].
Fujiwara et al. [22] mpoBeneno ucciaenoBanue st
oreHKkn addexTa mepecajiku MHKAICYJINPOBAHHBIX
bubpobaactos, cexperupyromux bFGF, 8 Moar kpbic
3a 7 cytok 110 mpaBoctoponHeir MCAQO. O6Hapyke-
HO, 4TO 0ObeM HH(APKTA B TPYIIIIE C [IePecagKoi ObL
CHVJKEH 110 CPABHEHUIO C KOHTPOJIbHBIME IPYIITAMHI.
Takske yMEHBIIAJIOCHh YHCJO AMONTOTUYECKUX KJIe-
TOK B 30HE UMIEMUYECKON TTOTyTEHH.

Beenenne bFGF B xaporuamnyio aprepuio mo-
cJie OKKJIIO3UM JIeBOI cpejieil MO3roBoOi apTepuu y
KpPBIC TPUBOJWIO K 3HAYUTEIBHOMY YMEHBIIICHIIO
30HBI MHGAPKTA U K YBETMUYEHUIO MO3TOBOTO KPOBO-
toka [10]. BayrpmkenymoukoBoe BBejieHre acCOIu-
uposanHoro ¢ agerosupycom bFGF uepes 2 4 nocie
OYaroBOI UIIEMUU MO3Ta TaKKe CHUIKATO Pa3Mephl
ouara TIOPKEHUS W YIy9IIalo HEBPOJOTHYECKYTO
dbyurmmio y kpsic [20]. Uabeknuss bFGF kpoicam,
MepeHecIMM NIIEMUIO (JIBYCTOPOHHSISI OKKJIIO3USI
OOTIX COHHBIX apTepyil) yIydiaga HeBPOJOTHIec-
KO€ BOCCTaHOBJIEHIE 1 CTOCOOCTBOBAIA COXPAHEHIIO
XOJIMHEPTUYECKUX HelpoHoB rummokammna [21].
[TpuBesieHHBIE BBINIE JAHHBIE CBUJIETEIBCTBYIOT O
HeliponpoTekTUBHBIX cBoiicTBax bFGE

MexaHu3Mbl HEHPONIPOTEKTUBHOTO
neiicreust bFGF

[Mosurusabie addextor bFGF cBsizbIBaioT ¢ ero
CIIOCOOHOCTHI0 MHIMOMPOBATH AKTUBHOCTD TIPOBOCIIA-
JINTebHBIX (haKTOPOB [23], a TakKke yCUIUBAThH HEll-
poreHe3 CTBOJIOBBIX KJIETOK Tociie umemun [19, 24].
[Tosaraior, uto bFGF crioco6cTByeT BOCCTaHOBJIEHIIO
Mo3ra Tocjie UIeMUH, YBeJTIrBast poJidepaiuio
HEPBHBIX CTBOJIOBBIX KJIETOK U X UM depeHIInpOBKY
B HEIPOHDI, aCTPOLUTLL U oJmrogeHaponutsl. bFGF
UTpaeT BAKHYIO POJh B KOMIIEHCATOPHOHN PEAKIINH
«self-repair» mpu TpaBMe 1 UITEMUH TOJIOBHOTO MO3Ta
U y4aCTBYeT B BOCCTAHOBJIEHUY TIOBPEXKICHHON TKAHM
[25]. C kimHMYeCKOIi TOYKY 3PEHIS], €T0 BhIPAsKEHHAST
POJTh B TIO/IEP>KAaHIH TIOBPEKICHHBIX HeIPOHOB (Ha-
[IPUMED, MTOCJIE UITEMIH UJIH [TEPEPE3KU HEPBHBIX BO-
JIOKOH) umeeT ocoboe 3uadenue. [pu uccienoBanum
MEXaHW3MOB, JIE)KAIIX B OCHOBE HEHPOTpodIIecKo-
ro u sauuTHOro AeiictBust bFGE, 6b110 ycranoBieHo,
4TO OH CTaGUIN3UPYET BHYTPUKJIETOUHBIA TOMEOCTa3
MOHOB KaJIbIIUsl, aKTUBUPYET aHTUOKCUIAHTHBIE (hep-
MEHTBI U CHIKAET TJIyTaMaT-0MoCPeIOBAHHYIO 9KCali-
TOTOKCHIHOCTH [ 26]. TTokazano, uro bFGF nomasisier
akcnpeccrio perenrtopoB NMDA, ymenbinaer u30bi-
TOYHOE HAKOILIEHHE BHYTPUKJIETOUHOTO KAJbIUS U
cBOGOMHBIX paankanoB [7-10]. 3ammrHbie cBOicTBa

[23], as well as enhance stem cell neurogenesis after
ischemia [19, 24]. It is believed that bFGF promotes
recovery after cerebral ischemia, increasing prolifer-
ation of neural stem cells and their differentiation
into neurons, astrocytes and oligodendrocytes.
bFGF plays an important role in the <self-repair»
responses that follow injuries such as trauma and
brain ischemia and that bFGF contributes to the
repair of damaged tissue [25]. From a clinical stand-
point, its pronounced role in maintaining damaged
neurons (e.g., after ischemia or nerve fibers transec-
tion) has aspecial significance.Studies of mechanisms
underlying the protective and neurotrophic action of
bFGF have revealed that bFGF stabilizes intracellu-
lar calcium homeostasis, activates antioxidant
enzymes and reduces glutamate excitotoxicity [26].
It inhibits the expression of NMDA receptors,
reduces excessive accumulation of intracellular calci-
um and free radicals [7—10]. The protective proper-
ties of bFGF are also associated with its ability to
inhibit the activity of inflammatory factors [23] and
to enhance neurogenesis [19, 24].

Some other neurotrophic factors may be media-
tors of bFGF neuroprotective action [9, 18]. Using
glutamate-treated cultured hippocampal neurons
Lenhard et al. [9] have shown that bFGF shares its
neuroprotective capacity with glia-derived neu-
rotrophic factor (GDNF). Hippocampal neurons
express GDNE its receptors c-Ret and the lipid-
anchored GDNF family receptor-alphat (GFRalpha-
1), and the bFGF receptor 1 (FGFR I). bFGF pro-
tected neurons from excitotoxic action of glutamate.
Thus neutralizing antibodies to GDNF abolished the
neuroprotective effect of bFGE bFGF up-regulated
GDNF and GFRalpha-1 in hippocampal neurons that
caused enhanced phosphorylation of c¢-Ret and the
signaling components Akt and Erk. It is believed that
a putative downstream target of bFGF and GDNF
are bcl-2 gene family members, whose mRNAs are dif-
ferentially up-regulated by the two factors.

It was found that activation of PI3K/Akt sig-
naling pathway protects the brain from ischemic
injury by inhibiting the expression of genes involved
in vascular permeability, apoptosis and inflammation
[27-29]. Akt blocks BAD and Bax translocation
across the mitochondrial membrane, thereby pre-
venting release of mitochondrial cytochrome C and
caspase activation [29, 30]. Akt substrate was identi-
fied as proline-rich Akt substrate (PRAS). Its inter-
action with Akt can inhibit the process of apoptotic
death of neurons induced by focal cerebral ischemia
[31]. There was no activation of brain-derived neu-
rotrophic factor BDNF expression and its receptor
TrkB in the hippocampus during cerebral ischemia
(MCAO) in mice with deletion of the bFGF gene
[18]. This caused higher mortality and a large infarc-
tion area in bFGF-knock-out mice versus wild type
littermates.
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bFGF ¢BsA3bIBAIOT TaKKe € €ro CIOCOOHOCThIO UHIU-
6UpOBaTh AaKTUBHOCTH BOCIAJIMTENBHBIX (DaKTOPOB
[23], a Tax:ke akTHBU3UpPOBATH HeliporeHes [19, 24].

MennaTopamMn HePOPOTEKTUBHOTO ACHCTBUS
bFGF moryT 6bITb HEKOTOPbIE IpyTrHe HelipoTpodu-
yeckue dakroper [9, 18]. Lenhard et al. [9] Ha o6pa-
6OTaHOM TIIyTaMaToOM KyJIBType HEHPOHOB THITIIOKaM-
Ta TOKA3aJi, YTO TJIMATBHBIN HEHPOTpOGUIecKuil
daxrop GDNF omocpeayer HelponpoTEKTUBHOE
neiictre bFGE HeiipoHb! TUIIIOKaMIIA 9KCIIPECCHU-
pyior GDNE ero pererrropsr c-Ret u GFRalpha-1, a
take perenitop bFGF (FGFR1). bFGF szammummasn
HEHPOHBI OT 9KCAHTOTOKCUYECKOTO JCHCTBUSA TJIyTa-
Mmarta. IIpu atom antutesna kK GDNF ormensiii Heitpo-
nporextusHbiil a¢dext bFGE Beegenne bFGF npu-
BoamI0 K yBesmaennio yposust GDNF u GFRalpha-1
B HellPOHAX I'MITIOKAMIIa, YTO B CBOIO OYepe/ib BbI3bl-
BaJIo HoBbiIeHHOE ochopunuposanue Genka C-Ret
W CUTHAJBHBIX KOMIIOHEHTOB MpoTenH-KIHA3 Akt n
Erk. ITonarator, uto Mumensio a1 bFGF u GDNF
SABJSIOTCS 4ieHbl cemeiicTBa Bcel-2 reHos, skcnpec-
CUsl KOTOPBIX M30MPATENbHO TMOBBIIIACTCS HTUMHU
IByMs akTopamMu. YCTAaHOBJIEHO, UTO aKTHUBAIUS
PI3K/Akt cUrHATBLHOTO TIYTH B3alUIAET MO3T OT
UIIEMUYECKOr0 TIOBPEKACHUS TyTeM UHruOUpOBa-
HUSI 9KCIIPECCUU TEHOB, OTBEYAIONINX 3a IIPOHUIIAE-
MOCTB COCYIOB, allonTo3 U Bocmasenne [27-29]. Akt
6nokupyet Tpancaokannio BAD and Bax yepes mem-
Gpary MUTOXOH/IPUIL, TEM CaMBIM TIPEIOTBPAIIAst Bbl-
CBOGOXKIEHIE MUTOXOHAPUAIBHOTO TiuToXpoMa C 1
akTuBarmio kacmas [29, 30]. Bt BeistBIEH cyGeTpaT
Akt — proline-rich-Akt substrate (PRAS). Ero Bzan-
MozeiicTBue ¢ Akt MoskeT MHrMOGUpPOBATH MPOLECC
AIONTOTUYECKON ribein HelipOHOB, BbI3BAaHHOU (o-
KaJIbHOI nireMueti rooBHoro Mo3ra [31]. Bersasieno,
410 y Mbiei ¢ gesenueii rena bFGF [18] He mpowic-
XOJIUT aKTUBAIMU HKCIIPECCHI MO3TOBOTO HEHPOTPO-
duueckoro paxropa BDNF u ero penenrropa TrkB B
TUTNIOKAMIIe TIPH  UIIEMUU TOJOBHOTO MO3Ta
(MCAO). C stum cBsizana, 1o MHEHUIO aBTOPOB, 60~
Jiee BBICOKask CMEPTHOCTh 1 (OJIbIIAs ILIONA/Ab HH-
(apkTa y HOKAYTHBIX MBIIIEH 110 CPABHEHUIO C MbI-
IIIAMU TUKOTO THUTIA.

Kak 6b110 ycTaHOBIEHO paree, CmocoOHOCTh K
akcipeccun 6eikoB BDNF u GDNF ssusiercs dak-
TOPOM, TIOBBIIAIOIIEM YCTOUYUBOCTb HEHPOHOB TH-
6e B mocTutrieMuaeckom mepuoze [32, 33]. Tloay-
yeHHble JaHHble MokasbiBaioT, uto BDNF u TrkB
MOTyT ObITh reHamu-mutnersmu 1t bFGF u Bmecte
¢ GDNF omnocpegosats samurHoe geiicrsue bFGF
Ha KJIETKU TOJIOBHOTO MO3Ta.

Poas bFGF B neiiporenese

W3BecTHO, YTO CTBOJIOBBIE/TIPOTEHUTOPHDIE
kaetku coxpansiores B [[THC B3pocioro opranusma.
B 3pesiom Mo3re HeiiporeHes IPOUCXOAUT B ABYX 00-
JIACTSIX, & UIMEHHO, CyOBEHTPUKYJISAPHON 30He (sub-

As stated previously, the capacity for proteins
expression of BDNF and GDNF is a factor that increas-
es the resistance of neurons to death in postischemic
period [32, 33]. These data indicate that BDNF and
TrkB as target genes for bFGF in concert with GDNF
may mediate protective effect of bEGF in brain cells.

The Role of bFGF in Neurogenesis

It is known that stem/progenitor cells reside
throughout the adult CNS. Neurogenesis occurs in
two regions of the adult brain, namely, the subven-
tricular zone (SVZ) throughout the wall of the later-
al ventricle and the subgranular zone (SGZ) of the
dentate gyrus (DG) in hippocampal formation.
Adult neurogenesis requires several neurotrophic
factors to sustain and regulate the proliferation and
differentiation of the adult stem cell population.
Mudo al. [34] examined the cellular and functional
aspects of a trophic system mediated by bFGF and
its receptors (FGFRs) related to neurogenesis in the
SVZ and SGZ of the adult rat brain. In the SVZ
bFGF expressed in GFAP-positive cells (i.e. mature
astrocytes), but not in proliferating progenitor cells,
which express receptors FGFR1 and FGFR2.
Apparently, astrocytes produce bFGF, which in turn
acts on the proliferating progenitor cells. With aging,
their proliferation in the SVZ and SGZ reduced. The
authors believe that this may be due to alterations of
fibroblast growth factor levels. The trophic system
mediated by bFGF and its receptors contributes to
creating micro-environmental niche that promotes
neurogenesis in the adult and aged brain [34].

It has been found that neurogenic capacity is
enhanced following traumatic brain injury and brain
ischemia. For example, focal brain ischemia causes
proliferation of neural progenitors in the SVZ and
SGZ and neurogenesis in the peri-infarcted cortex of
monkeys and rats [35, 36]. Therefore, the adult brain
has the inherent potential to restore neuronal popu-
lations lost in injury. This raises the possibility of
developing strategies aimed at harnessing the neuro-
genic capacity of these regions to repair the damaged
brain. One strategy is enchancing neurogenesis with
mitogenic factors.

Since bFGF is a potent stem cell mitogen, its
role in neurogenesis during brain ischemia is inten-
sively studied [8, 19, 37, 38].

To determine the effect of bFGF on the prolifer-
ation and differentiation of neural stem cells after
cerebral ischemia-induced cellular changes, a model
of bilateral occlusion of the carotid arteries in the
SVZ of 3-day-old rats was deployed [8]. It was found
that the number of proliferating cells in rats following
administration of bFGF increased compared with
control animals with no bFGF administration. In this
study, bFGF also promoted differentiation of stem
cells into neurons, astrocytes and oligodendrocytes.
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ventricular zone — SVZ) crenkn 60KOBOTO sKery-
JIouKa ¥ cyOrpanyasipHoil 30He (subgranular zone —
SGZ) sy6uaroit ussuaunst (dentate gyrus — DG) B
runmokamiie. IIpu neliporenese TpeGyercs: HECKOJIb-
KO HelipoTpoduyeckux GakTOPOB /IS TOJIePKAHUS
U peryaupoBaHus nposudepanuu U auddepeHiu-
POBKU TIOTIYJISIIIUK CTBOJIOBBIX KJIETOK. B pabore
Mudo ap. [34] paccMoTpens! KaeTodnble 1 QyHKIN-
OHAJIbHBIE ACHEKTBI TPODUUECKOH CHCTEMBI, OTI0Cpe-
nosauHoil bFGF u ero penenrropamu (FGFRs), cBsi-
3aHHbpie ¢ HeifporenesoM B SVZ u SGZ wmo3sra
B3pocoit kpoichl. B SVZ bFGF srenpeccupyercst B
GFAP-1io3uTuBHBIX KJeTKaxX (T.e. B 3PEJbIX acTPO-
1IUTaxX), HO He B MPOJU(PEPUPYIONINX KIEeTKAX-TIPE/-
IIeCTBEHHUKAX, KOTOPBIE 3KCIIPECCUPYIOT PEIenTO-
pet FGFR1 u FGFR2. Tlo-BuamMomy, uMeHHO
actponuThl BipabarsiBaior bFGF, kotopsiii B cBoIO
ouepesb AEeNCTBYeT Ha MPoanudepupymoIme KJIeTKu-
npemirecTBeHENKN. C BO3pacToM UX TpoJndepartis
B SVZ u SGZ camxkaercs. [lo MEEHIIO aBTOPOB, 9TO
MOJKET OBITh CJICACTBHEM U3MEHEHWH YPOBHS 9KC-
npeccun dakropa pocra ¢pudbpodiactos. Tpoduuec-
Kast cucTema, onocpenoBatHast bFGF u ero pernenro-
pamu, crocobeTByer (HOPMUPOBAHUIO YCIOBUIA,
obecrieynBaIoIX Heliporenes B 3pesiom moare [34].

OG6HapysKeHo, 4TO CITOCOGHOCTD K HEHporeHesy
TTOBBIIITAETCS TTOCIe TPABMATHYECKOTO TTOBPEKICHNUS
TOJIOBHOTO MO3T3, a TaK:Ke 1ocJie uiiemun moara. [1o-
Ka3aHo, HanpuMmep, 4To (hokasbHasT UIIEMUS MO3Ta
BBI3BIBACT MPOJIHDEpAINIo HeHPOHATBHBIX TPOTEHU-
TopoB B SVZ 1 SGZ u HeliporeHes B iepuuHOapKT-
HOII Kope Kpbic 1 00e3bsH [35, 36]. CaenoBaresbHo,
3peJIbli MO3T MMeeT BHYTPEHHUI IOTeHIIMAJ IS
BOCCTAHOBJICHUS HEHPOHATbHBIX mnomyssanuit. C
STUM TIPEIOTIOKEHNEM CBsI3aHa pa3paboTKa cTpaTe-
Ui, HATTPABJIEHHBIX HA YCUJIEHNE CITOCOOHOCTH aH-
HBIX 00JIacTell K perapaiuy IOBPEKICHHOIO MO3Ta.
OmHOI U3 TAKUX CTPATETHH SIBJISICTCS yCUJICHUE Heli-
poreHesa ¢ TIOMOIIBI0O MUTOTEHHBIX (haKTOPOB.

B cBasu ¢ reM, yto bFGF gBisiercst MUTOreHOM
111 ctBoJIOBRIX KileTok [THC, ero posnb B Heliporene-
3¢ P UIEMUU TOJIOBHOTO MO3Ta aKTHBHO UCCJIEMy-
erca [8, 19, 37, 38]. Tak, ansa n3yueHmns AeHCTBUSA
bFGF wna nposudepanuio u auddepeHInpoBKy
HEPBHBIX CTBOJIOBBIX KJIETOK I1OCJE WIEMUU MO3Ta
WCCIIeIOBAMN KJIETOUHble U3MeHeHus B SVZ 3-x
JIHEBHBIX KPBICST ¢ OWIaTepanbHON OKKITIo3Mell Ka-
poruaabIX apTepuii [8]. Oxaszanoch, 4TO YNCITIO TPO-
JudepupyIonmx KJIeTOK Y KPbICAT C BBeJEHUEM
bFGF yBenmunBasoch 1o cpaBHEHUIO ¢ TPYIIIOi 6e3
seenennst bFGE bFGF rtakske criocobcrBoBan aud-
(bepenImpoBKe CTBOJIOBBIX KJIETOK B HEWPOHBI, aCT-
POIUTHI 1 ourojieHipouThl. Ilokasano, 4To BHYT-
pwkenynoukosast nHdysus bFGF B Teuenne 7 nueit
TocJie TPaBMBI TOJIOBHOTO MO3Ta y B3POCJBIX KPBIC
yBesmumBasa npoJudeparuio k1etok 8 SVZ nu DG
[37]. CymectBenHo, uTo ycujeHue Heliporenesa c
nomotibio bFGF yckopsiio BocctaHOBJIEHE KOTHU-

Intraventricular infusion of bFGF for 7 days
immediately following traumatic brain injury in adult
rats increased cell proliferation in the SVZ and DG
[37]. Additionally, animals infused with bFGF showed
significant cognitive improvement. In another study,
rats with permanent MCAO were administered with
the adenovirus encoding bFGF directly to the damaged
area [19]. This resulted in increased bFGF expression
in the damaged area, raising the number of proliferating
cells in the SVZ, corpus callosum, and peri-infarction
zone, and led to improved motor behavior in rats.
Studies have found that the progenitor cells first divid-
ed in the SVZ, then migrate into the infarct zone, where
they continue to divide for a long time (90 days).

Considerable importance is the question of
whether bFGF retains capability to enhance neuro-
genesis in the aged ischemic brain. Since stroke in
human is much more common in older people than
among younger adults, addressing this problem is
most clinically important issue in elderly.

Neuroprotective properties of bFGF depend on
the age. In a study by Won et al. [38] aged (24-month-
old) rats were treated with intracerebroventricular
infusion of bFGF or vehicle for 3 days, beginning 48hr
before (pre-ischemia), 24 hr after (early post-
ischemia), or 96 hr after (late post-ischemia) 60 min
MCAO and were killed 10 days after ischemia. Young
adult (3-month-old) rats were administered with
bFGF for 3 days starting 24 hours after MCAQO. Aged
rats given bFGF pre-ischemia showed improved
behavioral and histological parameters compared to
rats treated with vehicle, but no significant improve-
ment was found in aged rats given bFGF after focal
ischemia. In contrast, young adult rats treated with
bFGF post-ischemia showed significant neurobehav-
ioral improvement and better histological outcome.
The numbers of «newborn» neurons in the SVZ were
also found to be increased in aged rats treated with
bFGF prior to ischemia. However, unlike in young
adult ischemic rats, only a few of newly generated cells
migrated into the damaged region in aged brain after
focal ischemia. Therefore, the positive effects of bEGF
in aged rats are associated with neuroprotection, but
not with the ability to enhance neurogenesis. Such age
differences in the response of aged versus young adult
rats to bFGF in cerebral ischemia need to be consid-
ered in developing novel neuroprotective agents to
prevent and/or fight stroke.

Therapeutic Potential of bFGF

Despite the encouraging results obtained in
experimental studies of bFGF the problem of its
clinical use remains unsolved. Clinical trials with
bFGF were not very successful. 15 years ago a multi-
center randomized trial of bFGF (European-
Australian phase II/I11 trial with bFGF (5—10 mg,
i.v. infusion over 24 h) started. It was planned to
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TUBHBIX (DYHKIIMH Mo3ra. ¥ KpbIC ¢ IIepMaHEeHTHON
MCAO B 06/1acTb HOBPEKACHUA BBOAUIM aJCHOBH-
pyc co BcTpoerHbM reHoM bFGF [19]. OTo BBI3HIBa-
Ji0 ioBbitenue axcipeccun bFGF B nospeskaenHoi
obsacTy, yBeJaMdYeHHe YucJaa HpoJrudepupyrommx
KJIeToK B SVZ, MO30JIUCTOM TeJie U NepurH(papKT-
HOIT 30He, a TaKKe YIydllleHne IBUTATeTbHON aKTHB-
HOCTH y KpbIC. B xoz1e uccieposanuii 6b110 obHapy-
JKEHO, 4TO IPOTEHUTOPHBIE KJICTKU BHAYAJIE 1CTATCS
B SVZ, 3ateM MUTPUPYIOT B 30HY WH(MAPKTA, II€ IPO-
JIOJKATOT JIeJIeHNe B TeYeHue JINTETBHOTO TIepro/ia
Bpemenn (710 90 cyToK).

CymiecTBeHHOE 3HAaYeHNE UMeeT BOIIPOC O TOM,
coxpansier st bFGF croco6HocTh ycuiuBarh Heil-
pOTeHe3 P CTapeHnn. SHAYUMOCTD 3TOH TPOBITEMBI
JUISL KJIMHUKU OOYCJIOBJIEHA TeM, YTO HapylleHUst
MO3TOBOTO KPOBOOGPAICHMS TOPA3/0 valle Pa3Bu-
BAIOTCS Y TIOKUJIBIX JIIO/IEN.

WuTepecHo, 9T0, B 3aBUCUMOCTH OT BO3PACTa,
HelpompoTekTuBHbIE cBoiicTBa bFGF mposieistioTest
no-pasiomy. Tak, B uccienoanun Won et al. [38]
24-MecsiYHBIM (CTapbIM) KpPbICAaM MPOBOAWJIU BHYT-
pwkenynoukoByio nHdysuio bFGF nmm miarne6o B
Tedenne 3 aHel, HaumHasg ¢ 48 ¥ mo 60-tm MuH
MCAOQO, unu nocsie Hee (depes 24 4 nwin 96 9). 3-X
MECSTYHBIM (MOJIOJIBIM TIOJIOBO3PEJIBIM ) KPhICAM BBO-
qunn bFGF B tedenue 3 areii, HaunHas ¢ 24 4 mocue
MCAO. CytiecTBEHHO, UTO Yy CTapbIX KPbIC YIIyulIe-
HUE TOBEICHYCCKUX U TUCTOJIOTHUECKUX ITOKa3aTe-
Jieit GBIJIO BBISIBIIEHO TOJIBKO B IPYIIIE C TIPEABApH-
TeJbHbIM BBegenreM bFGFE. Y Mooapix Kpbic
no3uTHBHbIE (P (hEKTHI BBISIBIEHBI MPU BBEJIECHUN
bFGF nociie utemun. Y cTapbix KpbIC ¢ BBEICHUEM
bFGF 1o uimeMun 4ucjio HOBOOOpPa3OBAHHBIX HE-
poHOB B SVZ yBeININBATIOCH, OTHAKO, B OTJINYHE OT
MOJIOJIBIX KPBIC, TOTBKO HEMHOTHE M3 HOBBIX KJICTOK
MUTPUPOBAIU B 0biacTbh moBpexienust. CremoBa-
TEJIBHO, Y CTapbIX KPBIC MOJIOKUTETBHBIN 3hdekT
bFGF c¢BsizaH MMEHHO ¢ €ro HeHpOIPOTeKTUBHBIMUI
CBOICTBAMHU, a HE CO CIIOCOOHOCTHIO K YCUIICHUIO
HeliporeHesa. BpIsiBiieHHbIE BO3PACTHBIE PA3TUUMS B
addexrax bFGF 10/KHBI yUUTHIBATHCS TP Paspa-
60TKe HEMPOTTPOTEKTUBHON TEPATIN WHCYJIHTOB.

Tepanestuueckuii norennuan bFGF

HecMmoTps Ha BAOXHOBJISTOTINE PE3YIBTATEI, TI0-
JIy4eHHbIE TIPH 9KCIIEPUMEHTAIBHBIX HCCIEOBAHUAX
bFGF, nipo6iema ero ucrosb3oBatust B KIMHAUECKON
IpaKkTUKe ocraercs HepenreHHoiil. Mcubitanus bFGF
B KJIMHHUKe OKA3aJINCh He OUYeHb ycrenrHbMu. Tak, 15
JieT Haza OBLIO HAYATO MHOTOIIEHTPOBOE PAHIOMI-
suposantoe ucciegoBanre bFGF (Espormeiicko-As-
crpanmiickast ucnbitanue, ¢asa II1/IIT), B koTopoe
TIaHnpoBaIn BKIIOYNTH 900 manmeHToB ¢ CUMMTO-
MaM# OCTPOTO WINeMUYeCcKOTOo MHCyJabTa. B rpymme
GOJILHBIX € OCTPBIM HINEMUYECKUM HHCYJIBTOM (286
yesoBeK) BHyTpHuBeHHOE BBeneHre bFGF He mpuBo-

include 900 patients with symptoms of acute
ischemic stroke. Intravenous administration of
bFGF to 286 patients did not produce any signifi-
cant neuroprotection; instead it caused dose-depen-
dent hypotension and high mortality rate. This study
was stopped by sponsors due to negative effects [39].

It should be noted that bFGE, as well as other
neurotrophic factors (nerve growth factor, glia-
derived neurotrophic factor), possesses side effects,
such as hyperalgesia [40]. Another problem is the
delivery of bFGF into the brain to achieve a pharma-
cologically significant level of therapeutics in the
brain while minimizing side effects in the periphery.
bFGF is a cationic peptide that undergoes transport
across the BBB at a modest rate via absorptive-medi-
ated transcytosis after intravenous administration.
The objectives of researchers are to develop a BBB
targeting strategy of drug delivery to the brain.

One of these strategies is the use of a chimeric
peptide, wherein a nontransportable peptide drug,
such as a neurotrophin, is conjugated to another pep-
tide or protein that functions as a brain drug delivery
carrier or vector. The model vector is a monoclonal
antibody against transferrin receptor. The transferrin
receptors are expressed on the brain capillary
endothelial cells, which make up of the BBB. The
binding of a conjugate of this antibody and neu-
rotrophin to the transferrin receptor triggers recep-
tor-mediated transcytosis through the BBB. This
strategy has been successfully used for BBB delivery
of several neurotrophins or peptide drugs, for which
enhanced CNS pharmacologic effects or neuroprotec-
tion have been consistently demonstrated in a variety
of animal models including brain ischemia [41].

In experiments with intravenous administra-
tion of bFGF-chimeric peptide (biotinylated recom-
binant human protein bFGF, preserving affinity to
receptor and having improved pharmacokinetics in
plasma and BBB permeability) in rats with perma-
nent MCAO the therapeutic dose bEGF was reduced
from 135—200g/kg to 25g/kg, and its neuroprotec-
tive effect was significantly increased (80% reduc-
tion in infarct volume) [41].

Although the results of chimeric peptide
approach to the treatment of experimental brain
ischemia are very promising, there is still a gap
between the laboratory studies and clinical applica-
tion of the chimeric neurotrophin peptide for treat-
ment of patients with acute ischemic stroke. One of
the concerns is the immunogenicity of the anti-trans-
ferrin receptor antibody that is used as the BBB pep-
tide drug delivery vector. This problem can be solved
or ameliorated by the use of humanized antibody via
genetic engineering. Humanized antibodies are less
likely to provoke an immune reaction in human sub-
jects compared to murine-derived antibodies.

The intranasal route of bFGF administration
could provide an alternative to intracerebroventricular
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JIJIO K 3HAUYMMOW HeHpONPOTEeKINHU, IIPU 3TOM Ha-
6Jrr0/1aTach J10303aBUCHMast TUIIOTEH3US ¥ BBICOKUI
YPOBEHb CMEPTHOCTH. B CBSI3M ¢ 3THM HCCIe0BaHIE
OBLIO OCTAaHOBJIEHO crIOHCOpamu [39].

Henbss ne ormetnts, uto y bFGF, Takke kak u
y Ipyrux Heiiporpoduuecknx HaxTopoB (hakTop
pocTa HEPBOB, IVIMAJIBHBIN HeHpoTpodrIecKil hak-
TOP) UMeIoTCst 10604HbIE 2(HEKTDI, B YACTHOCTH, TH-
nepanresus [40].

Jlpyroii po6iemoii siBasiercst joctaBka bFGF
B MOS3T [IJIs1 IOCTIDKEHUS (hapMaKOoJIOTHYECKN 3HAUH-
MOTO YPOBHSI B TOJIOBHOM MO3T€ [IPU MUHUMHU3AIIH
no60unbIx addekros Ha nepudepun. bEGF — karu-
OHHBIN TIENTUI, KOTOPBII IPU BHYTPUBEHHOM BBejIe-
HUU TIJIOXO TPAHCTIOPTUPYETCS Yepe3 reMaToaHIeda-
sgeckuit 6apbep (I'9B). B 3amaun uccienosareneii
BxonuT paspaborka ['DB-HanpasieHHON crpaTeruu
JIOCTaBKHU TPerapara B MO3T.

OmHOlt 13 TaKWX CTPATETUI SBJISETCS CO3/IaHIe
XUMEPHbBIX OEJIKOB — TEXHOJOTHU, IPU KOTOPOIi He-
TpaHcroprabebHble MENTH/IbI, TAKUE KaK, HEHTPO-
(UHBI, KOHBIOTUPYIOTCS C IPYTUMU TIENITUIAMU VJIH
6eTKaMH, KOTOPbIe OCYIIECTBISIOT UX TTEPEHOC TN
J0CTaBKY B MO3T. OJIHUM UX TAKUX BEKTOPOB JIOCTAB-
KU SBJISIETCS aHTUTEJIO K PELENTOpy TpaHcdeppuHa.
TpancdepprHOBbBIE PEIENTOPHI IKCIIPECCUPYIOTCS B
SHIOTENNATBHBIX KJIeTKaX TOJOBHOTO MO3Ta, KOTO-
poie BXoaAT B cocTaB ['9b. CBaspiBanme KOHbIOTATa
9TOTO aHTHUTeJa U HelpoTpoduHa c perentopoM
TpaHcheppruHa BBI3BIBAET PEIENITOP-OMOCPEOBAH-
HBIA TpaHcunuTos Yyepes ['DB. Takas crpaTerus Oblia
YCIIENTHO HMCII0JIb30BaHA HA PA3JIMYHBIX SKUBOTHBIX
MO/JIEJISIX, BKIIIOYAsT UIIEMUIO MO3TQ, /IS IOCTaBKHU B
MO3T HEKOTOPBIX HEHPOTPODUHOB U MEMTUIHBIX TIpe-
apaToB. DTO BBI3BIBAJIO yCHJIeHNE (hapMaKoJIoTHye-
ckoro adexTa U HEUPOTPOTEKTUBHOTO IeHCTBUS
9THUX BeliecTs [41].

Tak, B ompITax ¢ BHYTPUBEHHBIM BBeIEHUEM
bFGF-xumepuoro nenruzga (6enox bFGFE konpioru-
POBAHHBIH € PelenToOpoM TpaHchepprHa) KpbIicaM C
nepmanentHoit MCAQ yaanoch CHUSUTD TepaleBTH-
veckyto n03y bFGF ¢ 135—200 r/kr mo 25 /KT, a
Takyke 3HAYMTENBHO YBEJUINTH €r0 HeHpOMmpoTeK-
tuBHBI adderT (80%-e ymenbienne obbemMa MH-
(aprra) [41]. D10 0OBSICHSIETCS €r0 BBHICOKOU ad-
puHHOCTBIO K  crHenupUIecKOMY  PEIEeInTopy,
YIIydIIeHHON (hapMaKOKIMHETHKOHN B TIJIa3Me KPOBU 1
nponniaemMocTsio I'Db.

HecmoTpst Ha TO, 4TO pPe3yJIbTaThl NCIIOJIb30Ba-
HUS XUMEPHBIX TETTUIOB /IJIsI JICYCHUST 9KCTIEPUMEH-
TaJTHHON WIEMUH TOJIOBHOTO MO3Ta BeCchMa MepCIeK-
TUBHBI, CYMIECTBYET OOMBINON PA3PhIB MEKILY ITUMU
J1aGOPATOPHBIMU MCCJIEAOBAHUSIMU U KJINHUYECKUM
MIPUMEHEHUEM XUMEPHBIX TIETITUIOB JIJIs JICUCHIS T1a-
IIMEHTOB C OCTPBIM WIIEMUYeCKIM WHCYIbToM. O1Ha
u3 MpobJIeM — 9TO IMMYHOTEHHOCTD aHTUTENA K pe-
1enTopy TpaHcgeppuHa, KOTOPbIA UCIOJIb3YyeTCs B
KauecTBe BEKTOPA JOCTABKU JIEKAPCTBEHHOTO CPEICT-

infusion. Thus, intranasal administration of bFGF in
rats for 1—6 days following MCAO resulted in
improved behavioral performance, increased prolifera-
tion of progenitor cells in the SGZ and SVZ, although
it had no effect on infarct volume. Interestingly, prolif-
erating cells in the striatum and dentate gyrus differ-
entiated into neurons at 28 days after MCAO.
Intranasal administration of bFGF is considered as a
non-invasive method for the treatment of stroke [24].

bFGF nasal spray appears to be an emerging
potential therapeutic approach to neurodegenerative
diseases, such as Alzheimer's disease. Intranasal admin-
istration of bFGF nasal spray was an effective means of
delivering bFGF to the brain. Its penetration into the
brain was improved, that reduced the severity of neu-
rological disorders caused by co-administration of
B-amyloid and ibotenic acid into the hippocampus of
rats [42]. In addition, bFGF improved spatial memory,
recovered acetylcholinesterase and choline acetyl-
transferase activity to the sham control level, and alle-
viated neuronal degeneration in rat hippocampus.

Delivery of neurotrophic factors to the brain may
also be improved by using nanoparticles. Chitosan
nanoparticles were loaded with peptide like bFGF and
then functionalized by conjugating with antibodies
directed against the transferrin receptor-1 on brain
endothelia to induce receptor-mediated transcytosis
across the BBB [43]. Pre-ischemic systemic adminis-
tration of bFGF-loaded nanoparticles significantly
decreased the infarct volume after 2-hour middle cere-
bral artery occlusion and 22-hour reperfusion in mice.

A study was conducted to evaluate the effects of
grafting encapsulated bFGF-secreting cells in rat
brains 7 day before permanent right MCAO. The
authors found that the infarct volume in bFGF group
was reduced by approximately 30% compared with
that in the control groups. In the ischemic penumbral
area, the number of apoptotic cells in the bFGF group
was significantly decreased compared with that in the
other groups. Thus, the grafting encapsulated bFGF-
secreting cells protected neurons against ischemic
brain damage [22]. The use of bFGF is very promis-
ing for the development of alternative therapeutic
strategies in treatment of Parkinson's disease. In ani-
mal model of Parkinson's disease, co-transplantation
of bFGF-expressing cells with fetal dopaminergic
cells increased survival and functional integration of
the grafted dopaminergic neurons resulting in
improved behavioral performance [44].

Conclusion

Over the past two decades a large number of
experimental studies of neuroprotective potential of
bFGF was performed. It was discovered that the abil-
ity of neurons to express bFGF is important for their
resistance to ischemia-reperfusion. Administration of
bFGF improves the functional and structural state of
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O630ps

Ba yepe3 [IB. dra npobiiema MosKeT ObITH pellieHa 3a
CUET UCIIOJb30BAHUS YEJIOBEYECKUX AHTUTEN, KOTO-
pBIe ¢ MEHBIIIEH BEPOSATHOCTBHIO BHI3OBYT UMMYHHYTO
PeakInio y 4eoBeKa, YeM MBIIIMHbIE AaHTHTEA.

AJBTepHATUBON BHYTPHKEIYTOYKOBON nHDY-
3un bFGF Mosker GbITh €ro MHTpaHa3aIbHOE BBE/E-
nue. Tak, uarpanasaabioe seegerrie bFGF kpbicam
B Teyenne 1—6 cyrox mocre MCAO mpuBoamio K
VIIYUIIEHHIO TTOBEJIeHYeCKNX TI0KasaTeseil, K ycuie-
HUIO TIpoJsindepaluu IIPOTeHUTOPHBIX KJIETOK SVZ u
SGZ, x0T 1 He BIAUIO Ha pa3Mepsl nndapkra. Mu-
TEPECHO, YTO B CTpUATyMe 1 3y6uaTol ussuinne K 28
cytkam mocsie MCAQO mposiudepupyomme KaeTKI
nuddepeHIupoBaInuch B HelpoHbl. VIHTpaHa3ab-
Hoe BBenenne bFGF paccmarpuBaercst Kak HeMHBa-
3UBHBIN C110CO0 JiedeHust HHCYJIbTa [24].

bFGF wnasanbHblil cripeii o6jamaer BBICOKUM
MOTEHIMAIOM JIJIS JiedeHust GoJiesHn AJbIreiiMepa.
[Tpu sTOM criocobe BBenennst bFGF yryummamocs ero
IIPOHUKHOBEHIE B MO3T, YTO YMEHbBIIAIO BbIPAKeH-
HOCTh HEBPOJIOTMYECKUX HAPYIIEHUH, BbI3BAHHBIX
COBMECTHBIM BBEIEHUEM -aMIIONa 1 HO0TEHOBOI
KUCTOTH B TrUHmokaMi kpwic [42]. Kpowme Toro,
bFGF yiiyuiiiaji pocTpaHCTBEHHYIO IAMSATh, BOCCTA-
HOBJINBAJI aKTUBHOCTbD All€THJIXOJIMHACTEPA3bI U XO-
JIMHATIETUJITPAaHCEepasbl, CHIKAT JeTeHepPaIio
HEHPOHOB TUTIIOKAMIIA.

[loctaBka Hefiporpodudeckux (hakTOPOB B MO3T
MOJKET OBITh TAKIKE YJIydllleHa ¢ OMOIIBI0 HAHOYAC-
Tl Yemisci et al. [43] sarpyskain XuTO3aHOBbIE Ha-
Houactuiel entugaoM bFGE, satem ux KoHBIOTHPO-
BaJIM C aHTUTEJIAMHM HPOTUB TpaHCchHePPUHOBOTO
perteniropa. ITpeasapurensroe Baeaenne bFGF-3a-
IPY>KEHHBIX HAHOYACTHIL TPUBOIMIIO K 3HAUNTETHHO-
My YMeHBINeHII0 o6beMa WHpapkTa uepes 22 yaca
mociie 29 MCAO y Mprimeii.

IIpoBeneno uccienoBanue s OLEHKU (-
(bexTa mepecazku HKATICYIUPOBAHHBIX KJIETOK, Ce-
kperupyionx bFGE 8 Mo3r Kpbic 3a 7 cyT /10 mpa-
Bocroponreir MCAO. O6uapyxeHo, 4to 06beM
urdapKTa B IpyIiie ¢ Iepecajkoii Obl CHUKEH Ha
30% 10 cpaBHEHHUIO C KOHTPOJBHBIMU TIPYIIIAMU,
TakyKe YMEHBINAJIOCh YUCIO allONTOTHYECKUX KJle-
TOK B 30H€ MIIEMUYECKON mosryTenu. Takum obpa-
30M, Ilepeca/ika MHKAICYJINPOBAHHBIX KJIETOK, CeK-
perupytonrx bFGF, sauuiana HefipoHbl MO3Ta OT
nireMmdeckoro moBpexaenus [22]. Vcmosb3oBa-
nue bFGF BechbMa nepcrieKTUBHO 1 151 pa3paboTKn
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the brain in the post-ischemic period. bFGF is a
promising candidate for the development of alterna-
tive treatments for neurodegenerative diseases such as
Parkinson's disease and Alzheimer's disease. One of
the key functions of bFGF is its involvement in the
processes of neurogenesis. However, the questions are
remained that include which neurons are generated
during ischemia, whether they migrate into the dam-
aged areas, and how these processes are associated
with the restoration of brain function. One of the
major remaining problems is improving the delivery of
bFGF into the brain while minimizing its side effects.

aJTbTePHATUBHOIN TeparneBTUYeCKON CTPaTernn Mpu
sedenuu Gosesnu Ilapkuncona. Ha asxcnepumen-
TAJBHBIX MOJIEJISIX Ootestn [TapKkuHCOHa TTIOKa3aHo,
uro coBMecTHast Tpanciuiantanusi bFGF-akcnpec-
CUPYIONUX KJETOK C (heTaTbHBIMU A0(DaMUHIPTH-
YeCKMMHU KJIeTKaMH TIOBBIIIANa BbIKUBAHWE WU
(bynximonanabHyo MHTETpaIuio fogpaMuHapruyec-
KMMM HEHPOHOB, YTO IIPUBO/INJIO K YJIYUIIEHHUIO T10-
BeJICHUYECKUX TTOoKa3aTeneit [44].

3akouenue

3a TocaeHe Ba IEeCATUIETHs OBLIO MPOBe-
ZIeHO OOJIBIIOE KOJUIECTBO HKCIEPUMEHTATHHBIX
HCCIeIoBaHui HeHPOMPOTEKTUBHOTO MOTEHIIMAA
bFGE. YcranosiieHo, 4To ClIoCOOHOCTh HEHPOHOB K
srcrpeccuut bFGF siBaisteTcst BaKHBIM (haKTOPOM UX
yCTOMUMBOCTH K uiieMuu-penepdysuu. Ero skso-
reHHOe BBe/leHHe yiydlnaeT (YHKIMOHATIbHOE U
CTPYKTYPHOE COCTOSHME MO3ra B IMOCTUIIEMIYEC-
koM nepuoje. bFGF — mepcrnekTuBHbII KaHAuaaT
IUTST Pa3pabOTKHU ATBTEPHATUBHBIX METOIOB JIEUEHST
HelpojiereHepaTuBHbIX 3a00JeBAHUN, TAKUX KaK 60-
nesub [lapkuHcoHa u 6osesHb AsbireiiMepa. Og-
HOM m3 KoueBbix (yukimit bFGF saBrsercs ero
ydJacTue B poreccax Heiiporenesa. OnHaxko ocTaert-
cs HEpelleHHBIMU BOIPOCHL O TOM, KaKHe HMEHHO
HEHPOHBI TEHEPUPYIOTCS TIPU UIIEMUU, MUTPUPYIOT
JIM OHU B TTOBPEKAEHHDBIE 0OJACTH, W KaK 3TU TIPO-
I[ECCHI CBSA3AHBI C BOCCTAHOBJIEHNEM (QYHKIINN MO3-
ra. OnHON M3 TJIaBHBIX 33/la4 B HACTOsIIEE BpeMs
SBJIsIETCsT paspaboTka CrocobOB yIydIlieHUs 0-
craBku bFGF B T0JIOBHOI MO3T MIPH MUHUMU3ALH
ero mo6o4YHbIX 9P PeKToB.
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