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HEMPOMPOTEKTOPHOE OEANCTBUE HU3KOMONEKYNAPHOIO
NENTUAHOINO MUMETUKA ®AKTOPA POCTA HEPBOB NGF IK-2
CBA3AHO C AKTUBALMEW CUHTE3A BEJIKOB TEMIOBOIO LLIOKA
HSP32 U HSP70 U YBEJTUMEHUEM ®OCO®OPUITUPOBAHUA TrkA

T. A. AHTUnoBa'

B skcriepumenTax in vitro noxkasaHo, 4To HOBbI MUMETHK (hakTopa pocta HepBoB (NGF)
JIUMEpHBIN 3aMeriennbnit aqumentun ['K-2 B kornenTpanun 10~ SMulo *Ms HMMOPTAJIH-
30BaHHBIX KJIETKAX THIIOKaMIia Mbliu tuaud HT-22 yBenndyuBaeT CHHTE3 OSIIKOB SHI0TCH-
HOM CHCTEMBI 3aIMTHI KJIETKH M3 ceMeiicTBa OenkoB Termiosoro moka HSP32 u HSP70, a
TaK)KE BBI3bIBACT yBelWueHHE (HOCPOPUIMPOBAHUS THPO3MHKHHA3BI A-crenn(uueckoro

HEHPOTPOPUHOBOTO PELenTopa.

Kiuessie ciioBa: Heiiporpodunsl, NGF, 'K-2, HSP32, HSP70, p-TrkA

BBEOEHUE

B narorenese HelipojereHepaTUBHBIX 3a00JICBAaHUIA BbI-
SIBJICHO W3MCHEHHE Dsa OMOXMMHUYECKUX MPOIECCOB, B
TOM YHCJIE CHWKEHUE COIEpXaHHsA HEUpOTPOPHHOB, Ta-
kux kak NGF u BDNF, sgBIgromumxcst SHI0T€HHBIMA HEH-
porpotekropamu [2, 3, 9, 16]. 3amecTurenbHas Tepanus
HelpoTpouHAMH TPYIHO BBIMOJIHUMA, MOCKOJIBKY TPH
CHUCTEMHOM BBEJICHHUM OHH MPAKTHYECKH HE MPOHUKAIOT
gepes reMarodHIepannaeckuii 0apbep. [1ombITKH UCTIONb-
30BaTh HMHTPABEHTPHKYIPHYIO, CyOapaxHOMIATBHYIO
JIOCTaBKYy COIIPOBOXKJIAJIMCh HMMYHHBIMH PEaKLUAMHU
[13]. [ToaToMy akTyajbHBIM SABJISIETCA MOUCK HU3KOMOJIE-
KYJSIpHBIX aHajioroB Heiporpodunos. B HUU ¢dapmako-
noruu uMm. B. B. 3akycoBa PAMH 6bu1 cuHTE3upOBaH HO-
BbIl HU3KOMOJEKYJISIpHbIM MumeTuk 4-ii nem NGF —
I'K-2, mpeacTaBisironnii 3aMeneHHbIA TUMEPHBIN JIUTICTI-
THJA, TekcameTwieHmuamun — Onc-(N-CyKIMHII-TITyTa-
mus-nmusnHa) [Cepenenun C. b., I'ynamesa T. A. 3asBka
Ha wu3oOpereHne per. Ne2009105176, mnpuoputeT OT
16.02.2009]. Panee HaMu moKa3aHo, YTO B SKCIIEPUMEHTaX
in vitro TK-2 o0najiaeT cnocoOHOCThIO 3alUINaTh HEHpO-
HBbl OT JICMCTBUS Pa3IMYHBIX TMMOBPEKJAIOUIMX arcHTOB.
HccrenoBanne MOJNEKYISPHBIX MEXaHU3MOB HEHpOIpo-
TEKTOPHOI'0 JEWCTBUS NAaHHOIO NENTUAA SABISUIOCH 3a7a-
4eid JaHHOW PabOTHI.

METOAbl UCCJIEOOBAHUA

DKCIIEpPUMEHTHI POBOJIMIIN Ha KYJIbTYype HEHPOHOB JIH-
Hun HT-22 (uMMmopTann3oBaHHBIE KJIETKH THIIIIOKAMIIA
MbimH). [lenTuaHelii MuMeTHK (akrtopa pocTa HEPBOB
I'K-2 cuntesupoBan B otaene xumuu HUU dapmakoso-
run uMm. B. B. 3akycoBa PAMH. I'K-2 BHOCWIM B KOHEU-
HBIX KoHIeHTpamusax 10 °M u 108 M JuIst OLICHKH CO-
nepxkanust 6enkoB HSP70 m HSP32 3a 24 4 no nmsuca
KIeToK. Biusnue Ha mpouecc docdopunuposanus TrkA
OIlIeHMBaNHU uepe3 | u 2 MUH mocie 100aBIeHus EeNTHIA B

! HUU dapmaxonoruu um. B. B. 3axycosa PAMH, 125315, Mock-
Ba, yi1. banruiickas, 8.
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KyNbTypasIbHYIO cpeny. B kauecTBe MoIoKUTEIHHOTO KOH-
Tpous ucrnonb3oBaid NGF B koHnienTparmu 100 Hr/MI1.
Bmstaue I'K-2 Ha mpomecc ¢pochoprminpoBaHust THPO-
suHkuHa3bl A (TrkA) u conepxanne HSP32 u HSP70 B
knerkax HT-22 onpenensiu metonom Becrepu-610T ana-
mu3a [10] ¢ ucmonp30BaHHEM MEPBBIX MOHOKIIOHAJIBHBIX
aHTUTET NMPOTUB (hochopuIupoBaHHON (HOpPMBI THPO3UH-
kuHa3bl A — p-TrkA (Santa Cruz Biotechnology) B pa3se-
nernn 1:1000, MOMMKIOHAIBHBIX aHTHTEN K Oenky HSP32
(Stressgen) mpu pazsenennun 1:1000 1 MOHOKIIOHATBHBIX
anturen kK HSP70 (Santa Cruz Biotechnology) B TakoM sxe
pa3BeieHUH Yepe3 24 4 1mociie BHECEHUs NenTuia B Teue-
Hue | 4. 3arem mocie OTMBIBKM OJIOThI MHKYOHpPOBAlU B
OpUCYTCTBUM  BTOpeIX  aHTtHTen  (Santa  Cruz
Biotechnology), KOHBIOTHPOBAHHBIX C IIEPOKCHUAAZ0H Xpe-
Ha (pazBeneHue 1:2000) B Tedenue 1 4. /lerekrupoBanue
p-TrkA, HSP70 u HSP32 ocymecTBisiin B peakiyu ¢
ECL-pearenramu (Santa Cruz Biotechnology) Ha muieHKy
¢upmer Kodak. Crarnctrdeckyro 00pabOTKy pe3ylibTaToB
MIPOBOAMIIM C UCIIOJIb30BaHUEM t-KpuTepust CThIoIeHTa.

PE3YJNIbTATbI U UX OBCYXXAOEHUE

buonornueckue sddextet NGF peanusyrorcs uepes
JiBa pasnuuHbIX penenropa: Trk A ¢ THPO3MHKMHA3HOM
aKTUBHOCTBIO [14] u HelipoTpoduHOBOTO P75 penenTtopa
[7]. Tupo3uHKHHA3HBIE PELENTOPHI, 00JIaJafOIIe BBICO-
KAM CPOJICTBOM K HEHPOTpPO(pHHAM, UTPAIOT BEIYLIYIO
pOoJIb B MpoIieccax pocTa, pa3BUTU U AUGPEPCHIIUPOBKH
KIETOK, a TaKkKe pealn3allid HEeHPONpPOTEKTOPHBIX
CBOWCTB HEHPOTPO(HUHOB Yepe3 OCHOBHBIC OMOXMMHYE-
CKHE ITyTH, aKTHBAII KOTOPBIX IPUBOIUT K CHHTE3Y pa3-
JMYHBIX OENTKOB, a TAKKE K UX MOCIECAYIOMNM MoIuduKa-
IUSIM U TPAHCIIOKAIHSM, O0YyCIOBIMUBAIONINM HEHPOIpPO-
TEKTOPHBIH 3 dekT HelipoTpoduHoB [14].

CesspiBanrie NGF ¢ 9KCTpakieTOYHBIM JOMEHOM €ro
Trk A penenrtopa BbI3bIBACT M3MEHCHHE KOHGOPMAIIUU
peuenrtopa. Jlanee curnan nepegaercst Ha C-KOHIEBOM 1U-
TOIUTA3MATHUYCCKUH TOMCH 0 TPAHCMEMOPaHHOMY JIOMe-
Hy C aKTHBAaIMEll MUTOIIIa3MaTHIecKoro goMeHa. [Ipore-
WHKWHa3a mepeHocut rammadocpar or ATD Ha Oe-
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Puc. 1. Bimsinne IT'K-2 na docdopunmposanune TrkA B kymbrype
THIIIOKaMITAIBHBIX HeifpoHoB muaun HT-22, 1 mun (a) u 2 mun (0)
9KCIO3ULNH (OpUTHHANIBHBII BecTepH-010T 1 pe3ynbrarhbl ero JIeH-
curomerpun). Jlopoxkku: I — kourpois, 2 — NGF (100 ur/mi), 3
—TK-2 (10> M), 4 —T'K-2 (10~ 3 M). OTimuus oT KOHTpOIst J10-
ctoBepHbl: ¥ — p <0,05. O.JI.E. — OTHOCHTE/IBbHBIC ICHCUTOMET-
PHUYCCKHE SIUHUIIL.

nok-cyocrpar. Takum obpazom GochopunupyroTcs: THPO-
3MHOBBIE OCTATKH OeJKa-cyOcTpara, KOTOPbI B3aMMOICH-
CTBYET C, WU JISKUT BOJH3H, IIUTOIUIA3MATHYECKOTO JI0-
mena Trk penentopa. Ecnm coemumnenue (B IaHHOM
Cllyyae HENTH]) SBISCTCS JIUTAHAOM perenTopa, Comep-
xanue GochoprmmpoBanHoi Gopmer Trk A yBenmuunBaet-
cs. B cBsI3M ¢ 9THM TEPBBIM 3TArioM pabOThI CTAJIO UCCIIe-
noBanue BnusHuA nentuaa ['K-2 wa mponecc ¢dochopu-
nmipoBaHus Tupo3nHKuHa3kl A (TrkA) B KynbType HeHpo-
HoB JmHun HT-22 ¢ wucnonb3oBanueM weroma Bec-
TepH-050T aHanmu3a. IlenTu q00aBISIIN B CPEy KYJIBTH-
BUPOBaHMs B KOHEYHBIX KOHIEHTpaiusx 107°M u
10 % M. Knerku nmusupoBanu 4epes | u 2 MUH Mocie BHe-
ceanst ['K-2. Bpemst 9kcro3unuu KiIeToK MEeNTHAOM OBLIO
MoA00paHO IKCHEPHUMEHTAJIBHBIM CIIOCOOOM, YUUTHIBAsS
JIAaHHBIE O JOCTAaTOYHO OBICTPOM (OT HECKOJIBKHX CEKYHI)
B3aMMOJICHCTBUN HEUPOTPOPUHOB C HX peEIeNTOpaMH
[12]. B xauecTBe MOIOKUTETLHOTO KOHTPOJISI KCTIOIH30Ba-
mu paxrop pocta HepBoB NGF B KOHEUHOW KOHIICHTPAIIH
100 ur/™mi [4]

Ha mepBoii MHHYTE KCHO3UIMU (POCHOPHIHPOBAHUC
TUPO3UHKHUHA3bI Ha6n}oz[aeT05[ TOJIBKO TPU BHECCHUHU TICII-
tga I'K-2 (103 M), Torma kak yposenb Gochopunupo-
BaHwms mox aeiictBueM NGF He oTiiuaercss OT KOHTPOJIb-
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Puc. 2. Brnustaue I'K-2 Ha Hakoruienne HSP32 (@) u HSP70 (6) B
KyJIBTYpe THIIOKaMITaIbHBIX HeWpoHOB nHnd HT-22 (opurnHaiib-
HbIH BecTepH-010T U pe3ynbTaThl €ro AEHCUTOMETPHH). JJOpOXKKH:
1 — xoutpons, 2 — NGF (100 ur/mi), 3 — T'K-2 (10~ M), 4 —
I'K-2 (10~ 8 M). Omimimst OT KOHTPOITS JOCTOBEPHbI: * — p < 0,05.
O.J1.E. — oTHOCUTEIbHBIEC IEHCUTOMETPUYECKHE CIUHULIBL.

Horo (puc. 1, a). Uepe3 2 MUH IKCIO3ULUH HPOUCXOIUT
yBennuenue GpochopunupoBaHus THPO3UHKUHA3HI A MIPH
BHecennn nenTtuna ['K-2 B KoHEUHOW KOHIIEHTpaluu
10~3 M u NGF. Yposens pochopunupoBanus moj aeicT-
BueM I'K-2 B koHe4yHOH KoHUeHTpauuu 10> M He omm-
4gaeTcsl 0T KOHTpoIbHOTO (pHcC. 1, 6). Takum obpazom, pe-
3yJIBTaThl 3TOTO AKCIIEPUMEHTA MOKA3bIBAIOT, YTO MEITH]L
I'K-2 sBasiercst Tak ke, kak 1 NGF, nuraniom THpO3UHKH-
HA3HOTO PEIICITOpA.

W3 nuTeparypHbIX JaHHBIX U3BECTHO, YTO (PaKTOp poc-
Ta HepBoB NGF cTumynupyer CMHTE3 HUTONPOTEKTOPHO-
ro 6emnxa Hsp32, minn remokcurenassl-1 u Hsp70, koTopsie
3aIMIIAIOT HEHPOHBI OT THOETH, 00YCIOBICHHON OKHCITH-
TENBHBIM CTPECCOM, M 00ECIEYNBAIOT €T0 HEHPOIPOTEK-
tTopHoe aeiictue [8, 15]. [IpoBepka rumoTe3sl 0 TOM, 4TO
B MEXaHMU3M HeliporpoTrekropHoro neiicteus I'K-2 Bkito-
YeHa aKTHBAllMsl CHHTE3a HEWPOMPOTEKTOPHBIX OEIKOB
Hsp32 u Hsp70, siBunack ciieytolum 3TanoM UccileoBa-
HUM.

Ha puc. 2, a u 6 npencraBneHsl pe3ynasraTel Bec-
TepH-010T aHanu3a BausHUA ['K-2 B KOHEYHBIX KOHIICH-
Tpanusax 10°°M u 10-8M na nHaxormmerne HSP32 u
HSP70 B xymbType THUMNMOKaMITadbHBIX HEHPOHOB JIMHHUH
HT-22 (nanHble 3 HE3aBUCUMBIX SKCIIEPUMEHTOB). [Ipo0sI



aQHAJIM3UPOBAIK 4epe3 24 4 1ocje BHECEHHUs IMEeNTHIIOB.
NGF noctoBepHO yBenUYMBANI CHHTE3 JaHHBIX OEIKOB.
[entun I'K-2 B 00enx uccienyeMbix KOHEYHBIX KOHIICH-
Tpamusx BbI3bIBaeT HakoruieHne OeiakoB HSP70 u HSP32.
Takum 00pa3oM, HEHPOPOTEKTOPHOE JICHCTBUE TIETITH IA
I'K-2 moxer OBITH OOYCIOBICHO aKTHBAaIMel CHHTE3a
JTAaHHBIX HJIOTEHHBIX HEHPOIIPOTEKTOPHBIX OEIIKOB.

HSP70 siBrsieTcst MOJEKYISPHBIM IIAlIEPOHOM, Y4acT-
BYIOIIMM B pEHATypaluu HOBPEXJICHHBIX OenkoB [11].
HenaBHo ObUTO MOKa3aHo, 4TO, Ojarogaps CBOMM Ilare-
pouabM (yHKIsIM, HSP70 mMoxket uHrHONMpOBaTh 00pa-
30BaHHe PUOPHUILT anmb(a-CHHYKIeHHA pu Oosie3Hn [lap-
KHHCOHa M OeTa-amuiionjia mipu Oonie3HW Aublrerdmepa
[5, 6], KoTOpBIE, HAPSITY CO CHMKEHUEM COJICPIKAHMS HEH-
POTPO(hUHOB, SBIISIOTCS BaKHBIM 3BEHOM IaTOreHe3a J1aH-
HBIX HEeHpoJiereHepaTuBHbIX 3a00JIeBaHHIA.

Cucrema remokcurenasbl- 1, nnmu HSP32 sBnsieTcs Bax-
HOM COCTAaBJISAIONIEN B 3aIlMTHOM MEXaHU3ME KJIETKH OT
CTPECCOBBIX coCTosHUHA. HelpompoTekTopHbId 3¢ derT
JTAHHOTO Oeyika 00yCIIOBJICH CIICIYIONMMH MEXaHU3MaMH:
perymsinueit ypoBHst il M® 1 aHTHAIONITOTUYECKOTO Oel-
Ka bcl-2 B HelipoHax, MHTHOUPOBAHUEM SIICPHOW JIOKAJIH-
3alUHU aloNTOTUYECKOro Oenka pS53, yBeIMUYeHHEM aHTH-
OKCHJIQHTHOTO TIOTEHLIMANIA KJIETKU IyTeM CHIDKEHHS UH-
TEHCHUBHOCTH TEPEKUCHOTO OKUCIICHUS JHIUIOB, YBEIHU-
YeHUEM YpPOBHsI OeiKa (eppHuTHHA, COIEPIKAIIETO KEIe30
M 00JaIaloIero aHTHOKCHIaHTHBIMU CcBoMcTBamu [17].
Pors remoxcureHaspl-1 B pa3BUTHH HEHWpOAETECHEPATHB-
HBIX IIPOLIECCOB SABJSETCA JBOSKON: C OJIHOM CTOPOHBI OHA
Y4acTBYeT BO BHYTPUKJIETOYHOM KaTaOOJHM3ME MPOOKCH-
JTAHTHOM MOJIEKYJIbl TéMa B aHTMOKCHUIAHTHBIC JKEITYHbIE
IIUTMEHTHI ¥ TIOMOTaeT COXPaHUTh OKUCIUTEIHHO-BOCCTA-
HOBUTEJIbHBIM [IOTEHIMA] HEUPOHOB, C IPyrol — ee I'u-
MIEPIKCIIPECCUsT BBI3BIBACT HAKOIUICHWE JIBYXBaJICHTHOTO
JKeJie3a BHYTPU KIIETKH U IOBPEXKIAECHUE MUTOXOHAPHIA.
OTH JaHHBIE CBUIETEIBCTBYIOT O TOM, uTo HSP32 siBnsiet-
sl TOTCHIINAIBHBIM OHOJIOTHUSCKUM MapKepoM Herpoze-
TeHEPAaTUBHBIX MPOLECCOB. Peryisuus sKcrpeccuu 3Toro
OeJiKa SIBIISIETCS] OJIHUM U3 TMOAXOAOB B JICYCHUU PA3IUU-
HBIX MATOJIOTMYECKUX COCTOsIHMM Mo3ra [ 1, 18].

Takum 00pa3oM, MOTyYeHHbIE TaHHBIC TIO3BOJISIOT 3a-
KITIOUnTh, uto mentun ['K-2, obmagaromuii HelporpoTek-
TOPHBIMHU CBOMCTBAMH, UMUTUPYIOIINH 3D (HEKThI hakTopa
pocta HepBoB NGF, sBnstomuiicss mManoli MOJEKYIOH,
CIIOCOOHOM MPEeOI0IeBaTh TeMaTOYHIE(PATHISCKUA Oaph-
ep — MEePCIEeKTUBHOE COEAMHEHHUE IJsl hapMaKoioruye-

T. A. AHTHIIOBA

CKOM pa3pabOTKH Cpe/ICTBA JICUCHHS HEHpPOJeTreHepaTHB-
HBIX 3a00JI€BaHUI.

BbIiBOAbI

1. Ycranosnens! jgurananble cBoiictBa ['K-2 x Tupo-
3UHKHHA3HOMY PEIETTOPY.

2. B MmexaHu3Mm HeiponporexktopHoro aericteus ['K-2
BOBJICUEHA AKTUBAIMS CHHTE3a OENIKOB TEIIOBOIO IIOKA
HSP32 u HSP70.
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NEUROPROTECTIVE EFFECT OF LOW-MOLECULAR PEPTIDE MIMETIC (GK-2) OF NERVE GROWTH
FACTOR IS RELATED TO ACTIVATED SYNTHESIS OF HEAT SHOCK PROTEINS (HSP32 AND HSP70)
AND INCREASED PHOSPHORYLATION OF TRKA RECEPTOR

T. A. Antipova

Zakusov Institute of Pharmacology, Russian Academy of Medical Sciences, Baltiiskaya ul. 8, Moscow, 125315 Russia

Experiments in vitro showed that dimeric linear substituted dipeptide GK-2-a new mimetic of the nerve growth factor (NGF) — introduced in a concentration of

107 M and 10~ ¥ M in the culture of immortalized murine hippocampal cell line HT-22 increases the synthesis of heat shock proteins HSP32 and HSP70 (neu-
roprotectors belonging to the endogenous system of cell protection) and stimulates tyrosine phosphorylation of TrkA receptor, which is specific for neurotro-

phins.
Key words: neurotrophins, NGF, GK-2, HSP32, HSP70, TrkA






