




















S10 BAMPAMOB u np.

JInuyrHKa peuHOit MUHOTU
Lampetra fluviatilis,
1 Mecs1I TTocyie BbUTYTIIICHUS
(cramus 30 o Tahara, 1988)

HopmanbHBIi XBOCT

AmnyTalus XBocTa
(0 nHeit rocae aMITyTallum)

YactuuHas pereHepalysi XBOCTa
(15 mHeit TTocae aMITyTalllim)

[TonHast pereHepalivst XBocTa
(30 mHeit moce aMImyTalum)

Puc. 4. Perenepainust aMmyTUpOBaHHOTO XBOCTa peuHOl MUHOTH Lampetra fluviatilis.
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Mep, TeYeHU, a pereHepalms HeHTPaJIbHOU HEPBHOM
CUCTEMBI IIPOUCXOIUT ovyeHb ciaabo (Hugnot and
Franzer, 2011). B To ke BpeMsI IIpeICTaBUTEIN APYTUX
KJ1aCCOB IMO3BOHOYHbBIX MOTYT BOCCTaHABJIMBATh TKa-
HU, CTPYKTYpPhl U OpraHbl 1axke BO B3POCIOM COCTOSI-
Huu (Seifert and Maden, 2014). Tak, pbIObI MOTYT pere-
HEPUPOBATh IUTABHUKU U CEPALIE, XBOCTaTble aM(puOumn
MPEKPaCHO 3aXKUBJISIIOT paHbI U PETEHEPUPYIOT KOHEU-
HOCTH, XBOCT, XpyCTaluK u cetyatky (Godwin, 2014),
YCIIEIIIHO BOCCTaHaBIMBaTh CHUHHONW Mo3r (Diaz
Quiroz and Echeverri, 2013). KinaccuuyeckuM o0ObeK-
TOM B U3yYE€HUU pereHepalui NO3BOHOYHbBIX Ha MPO-
TSDKEHUU HECKOJIbKUX AECATWIETUI ObLIM 3apojibl-
LU LIMOPLIEBOM JATYIIKU, KOTOPble HA PAHHUX CTa-
IUSIX PA3BUTUSI MOTYT pereHepupoBaTh KOHEYHOCTHU
1 XBOCT 0e3 obpazoBaHus mipamoB (Yokohama et al.,
2011) u, mogoOHO pHIOaM, BOCCTAaHABIMBAThL CITMH-
HOM Mo3r nocJie moBpexaeHuii (Edwards-Faret et al.,
2017). Ilpu 3TOM B XOIe OHTOTeHE3a CIIOCOOHOCTH K
pereHepaluu y aMuOunii yTpaunmBaeTcsl, 3axK1BJICHNE
pPaH y B3pOCIbIX SKUBOTHBIX TIPOUCXOUT, KaK 1 Y MJle-
KOIUTAIOLINX, ITyTeM 00pa3oBaHus 1ipamoB (Bertolot-
ti et al., 2013). Takum obpa3oM, 1LITOpLEBast JSTyIIKa,
WHTEpECHA B UCCIIEIOBAHUSIX MEXaHU3MOB PETYJISILINU
pereHepaluy B TIepBYIO ouepeab KaK OObEKT C IIpOMe-
>KYTOUHBIM pereHepalliOHHbIM MOTEHIIMAIOM, MEHSI-
folMcst B TedeHue onroredesa (Li et al., 2016). Ha
TEXHUYECKOM YPOBHE 3apOJbIIIU LIMOPLIEBOM JATYIII-
KM 00JIamaroT ILIEIBIM CIIEKTPOM YIOOOHBIX CBOIMCTB,
OOBSICHSIIOLIUX MOMYJIIPHOCTb 3TOi Moaenu. TyT cka-
3bIBAETCs IMPOCTOTA JIaOOPATOPHOTO COAEPXKAHMUSI, BO3-
MOXHOCTb ITOTY4E€HUS OOJIBIIIOTO KOJIMYECTBA 3apOIbI-
el B JIloOOe BpeMsl roma IyTeM HCKYCCTBEHHOIO
OIJIONOTBOPEHUsI, OTCEKBEHUPOBAHHBIN W OITyOJIu-
KOBaHHbI TeHOM, OTpabOTaHHbBIE TPAHCTEHHBIC TEX-
HOJIOTMH, BO3MOXHOCTb pPEIaKTUPOBaHUSI TeHOMa
(Chenetal., 2014). Y MuHOT pereHepaius Obljia OIu-
caHa Ha MopdoJiornueckomM ypoBHe 6osiee 50 JieT Ha-
3an (Niazi, 1963). bruto mokasaHoO, YTO JIMYUHKU
JIIByX BUIOB MUHOT Petromyzon marinus n Lethenteron
appendix cIocOOHBI pereHepUpoOBaTh aMIIyTUPOBaH-
HbIii XBOCT. Takoli ke ClToCOOHOCTBIO 00J1a1aI0T U JIU-
YMHKW pedyHoil MuHOTH Lampetra fuviatilis (puc. 4).
ITo3xe OBIT0 TTOKAa3aHO, 9YTO B3POCIBIE 0COOM MUHOT
MOTYT pEreHeprMpoOBaTh U BOCCTAHABIMBATb (PYHKIIM-
OHAJILHOCTh CIIMHHOTO Mo3ra nocJjie TpaBMbl (Cohen
et al., 1988; Lurie and Selzer 1991; Tanaka and Ferretti,
2009; Parker, 2017). M3yuyeHue MOJIEKYISIPHBIX ac-
MEKTOB pereHepalli MUHOT MOXET JaTh HOBYIO UH-
¢dopmalinio 0 MexaHU3Max pereHepaluu Mo3BOHOU-
HBIX B 1I€JIOM, BEPOSITHBIX MPUUYMHAX yTpaThl 3TOit
CMOCOOHOCTH Y BBICIINX MTO3BOHOYHBIX U MOTEHIIMU-
aJIbHBIX TTOAX0aX JIJIsl HAITPaBJICHHOIO BOCCTaHOBJIE-
HUS 3TUX BO3MOXKHOCTE B MEIULIMHCKUX 1easXx. Ha
MOJICKYJISIPHOM YPOBHE OBLJIO TTOKa3aHO, YTO MpPU pe-
reHepalyd CITMHHOTO MO3ra y MO3BOHOYHBIX peak-
TUBUPYIOTCS CUTHAJIbHbIE KAaCKaJbl, BOBJIECUEHHbIE B
n3HavanbpHoe pa3sutue LIHC, Takue kak Wnt, BMP,
Hh xackanpr (Vergara et al., 2005; Cardozo et al.,

OHTOTEHE3

tom 49  Ne 5 TTPUJIOXEHHME 2018

S11

2017). UccnenoBaHme NU3MEHEHUN yPOBHEI 3KCIIpPeC-
CHUM T€HOB, CBSI3aHHBIX C pereHepalneil Ipyu TpaBMe
CIIMHHOTO MO3Ta Y MMHOT IOKAa3aJIo, YTO MHOTHE M3
AKTUBHUPYEMBIX IIPU pereHepalii TeHOB OTHOCSIITCS K
y4aCTHMKAaM KaHOHMYECKOT0 M HEKAHOHMYECKOTIO
Wnt KackaaoB, a Takxke (hakTopaMm, aKTUBUPYIOIIIUM
poct akcoHoB (Herman et al., 2018). OTo yka3biBaeT Ha
TO, YTO TIPU pereHepalu y MUHOT, 10 BCeil BUTUMO-
CTU, TPOSIBJISIOT AKTUBHOCTb TPAHCKPUIILIMOHHBIE
¢daxkTophl ¥ MYTU BHICOKO KOHCEPBATUBHBIE IJISI TIO-
3BOHOYHBIX B 1lejioM (Smith et al., 2011; Lerch et al.,
2014; Chandran et al., 2016). BaxxHocTh KaHOHUYE-
ckoro Wnt/beta catenin Kackana sl YCHEIITHON pe-
TreHepalliy COMHHOTO MO3ra KOCTHUCTBIX PBHIO ObLIa
HelaBHO nmoka3saHa (Strand at al., 2016). Ha rimy6oxkuit
SBOJIIOIIMOHHEIN KOHCEPBAaTU3M BOBIIeYeHHOCTH Wnt
CUTHajla B pereHepaluio yKa3biBaeT OOHapyKeHUeE
aKTUBAIIMK 3TOTO KacKaja IIpY pereHepaiuy ToJI0B-
HBIX CTPYKTyp moayxopaoBbix (Lutrell et al., 2016).
Ectb Hagexna, yro Oyayiuue (yHKUMOHAIbHbBIE UC-
ClIeIOBaHUSI TPAHCKPUIILIMOHHBIX PETYISITOPOB U
CUTHAJIbHBIX KACKaJ0B, ONUpaloIIiecs Ha yXe Moy~
YyeHHbIe JaHHbIe Mo auddepeHIInaIbHON IKCIpec-
CUM T€HOB IIpU pereHepaluu, Mo3BOJISIT Oojiee Tiy-
OOKO TIOHSITh MEXaHU3MBI PETYJISILIMU pereHepary-
OHHBIX TIPOLIECCOB W MNPUMEHSATH 3TU 3HAHUS B
MEIULIMHCKON MPaKTUKE.

SAKITIOYEHHME

B 1mesoM MOXHO OTMETUThb, UTO B MOCJEIHEe
BpeMs MHTepeC K MUTHOTaM, KaK K He BIIOJTHE Tpaar-
IIMOHHOMY, HO TIEPCIIEKTUBHOMY OOBEKTY IJIsT JTah0-
paTOpPHBIX WCCIIEAOBaHUI, HEYKJIOHHO BO3pacTacT
(Green et al, 2014; McCauley et al., 2015; Yang et al.,
2016). C TeXHUYECKOM TOYKU 3pEHUST STOMY CIIOCO0-
CTBYIOT OCOOEHHOCTU PaHHUX 3TAIlOB Pa3BUTUS JIU-
YUHOK U BO3MOXHOCTb IMPUMEHEHUSI MHOTHX COBpe-
MEHHBIX MeTOAUK. ECTh BO3MOXXHOCTH MOJYYEHUS
OOJIBIIIOTO KOJMYECTBA 3apojblllieil B JJabopaTopuu
MyTeM MCKYCCTBEHHOTO OIUIONOTBOPEHUSI, MUKPO-
WHBEKIIMA CUHTETUIECKNX MaTepUasioB B pa3BUBaIO-
LIMecs 3apoAblllH in vivo. @DeHoTunndeckue 3¢ heKThb
JIETKO aHAJIM3MPOBATh, MTOCKOJBKY 3apOIBIIIN WHKY-
OupyloTcs B pacTBope (puc. 1a) 1 CKOpOCTb pa3BUTUSI
peryapyeTcs TeMIepatypoil. JlocTyrreH aHaam3 po-
CTPAHCTBEHHOM 3KCHPECCHU TEHOB METOIOM THUOpPH-
NU3alnU in Situ Ha LIeJbIX 3apobiiinax (Sugahara et al.,
2015), MomyJIsIIIvsl KCIIPECCUM T€HOB IYTEM MOpP-
domuHoBOro HokaayHa (Bayramov et al., 2016) u
peIaKTUPOBaHUs TeHOMA C IPUMEHEHNEM CUCTEMBI
CRIPR/Cas (Square et al., 2015; Zu et al., 2016). Ta-
KUM 00pa3oM, 3TU BO3MOXHOCTH OTYACTU KOMITCH-
CHUPYIOT OITMCaHHBIE BhIIIIE TPYAHOCTH B paboTe C MU-
HOTaMU B JJaGOpaTOPUU 1 TTIO3BOJISIIOT B MEPCIIEKTUBE
pacCUMTHIBATh HA TTOJTYYeHUE HOBBIX TAHHBIX 00 3BO-
JIIOIIMOHHON MCTOPUM YHUKAIBHBIX IJISI TIO3BOHOY-
HBIX CTPYKTYP.
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Pa6ota BeimoHeHa 3a cyet rpaHTa PODU (1ipoekT
Ne 18-04-00015). Dkcriep¥MeHTBI IO CO3AAHUIO MOIEIN
pereHepaLuy XBOCTa peYHOM MUHOTH, TTPEeICTABIEHHOMK
Ha puC. 4, BBITIOJTHEHBI 3a cYET rpaHTa Poccuiickoro Ha-
yuHoro doHaa (mpoekT Ne 14-50-00131).
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Cyclostomes, as the most ancient of the living vertebrates, evoke a steadily increasing interest as the object of
study of the basic processes of the ontogenesis of vertebrates. Of the two classes of jawless, lamprey and mixin,
lamprey were more accessible to researchers for more than a hundred years. In the last two decades, studies
of the functional and evolutionary aspects of their early ontogenesis at the molecular level have become pos-
sible. Of great interest are studies of the lamprey features as ancient representatives of vertebrates and their com-
parison with the more modern ones, the gnathostomes. Molecular studies of lampreys can provide insight into the
evolutionary mechanisms for the emergence and development of individual unique structures of vertebrates. One
of the most important aromorphoses of vertebrates was the appearance of the telencephalon, which was first de-
tected in lampreys. Developing and improving in the course of evolution, telencephalon provided the possibility of
realization of higher forms of nervous activity in vertebrates, including human. Also important are studies of the
molecular mechanisms of such basic events of the ontogenesis of the lamprey and other vertebrates as early embry-
onic differentiation and neural induction. In turn, studies of the ability to regenerate well developed in the lampreys
make it possible to hope for the possibility of at least partially applying the knowledge gained in future medical
practice. This article is a review of recent data on the molecular aspects of early development of telencephalon, early

embryonic differentiation and regeneration of lampreys.

Keywords: cyclostomes, lamprey, development of telencephalon, forebrain, neural induction, early embryon-

ic differentiation, regeneration
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