POCCUHNCKUI ®U3NOJOTNMYECKNI XKYPHAJ nmv. .M. CEYEHOBA 2023, tom 109,
Ne 11, c. 15471566

OB30PHBIE
N ITPOBJEMHBIE CTATbH

MO/JIEJINPOBAHUE TAYIIATUM HA DANIO RERIO
© 2023 r. M. M. Korosa!, T. O. Koaecnukosa', A. B. Kaxyes!> > 3 4 5 »

1 Hayunoiii yenmp eenemuxu u Hayk o scuznu, Hayuno-mexnonoeuueckuii ynusepcumem “Cupuyc”,
Dedepanvras meppumopus Cupuyc, Poccus

2 Hucmumym mpancasyuonnoii 6uomeduyunst, Cankm-Ilemepoypeckuii cocyoapcmeenmblil yHusepcumemn,
Canxkm-Ilemepbype, Poccus

3 Ypanvckuii pedepanvhbiii ynusepcumem, Examepunoype, Poccus

4Hauu0Haﬂbe112 MeduyuHcKuil uccaedosamenvekuil yenmp um. B.A. Aamazoea M3 PD,
Canxkm-Ilemepbype, Poccus
3 Poccuiickuii Hay4Hblll yeHmp paduoso2uu U Xupypeuueckux mexumoaoeuii um. akao. A.M. Ipanosa
M3 PO, Cankm-Ilemep6ype, Poccus

*E-mail: avkalueff@gmail.com

IToctynuna B penakumio 21.03.2023 1.
ITocne mopa6orku 23.06.2023 1.
[MpuHsaTa K myomukanuu 25.06.2023 r.

Taynatum — reteporeHHas rpyrra Mporpeccupylommx HeiiponereHepaTuBHbIX 3a00-
JIeBaHUI, BEI3BAHHBIX HAKOTUIEHUEM B MO3Te arperaroB Tay-0Oesnka. Tay-0emok ctabu-
JIU3UPYET COCTOSTHUE MUKPOTYOOUEK U PETYIUPYeT aKCOHAIbHBIN TPAHCIIOPT, ONHAKO
npu runepdochopuIMpoBaHMN HAYMHAET OTKJIAAbIBATHCS B MO3re B BUJIE arperaTos,
SIBJISISICH OCHOBHBIM TTaTOT€HETUYECKUM MEXaHM3MOM BO3HUKHOBEHWUSs TaynaTtuil. [1o
CTETIeHU BOBJIEYEHHOCTU Tay-0eJika B MmaToreHe3 3a00JieBaHUS BBIIEISIOT IEPBUYHBIE
¥ BTOpUYHBIE TaynaTuu. Hambonee pacnpocTpaHEeHHOW BTOPUYHON TaynaTuei sBisi-
ercst 60sie3Hb AsblireiiMepa. DKCIIepUMEeHTATbHbBIE MOIETN Ha XUBOTHBIX SIBIISTIOTCS
BaXXHBIM METOJOM MCCJeAoBaHUS (DU3UOJOTUM Tay-Oejika W MaToreHe3a TaymaTuii.
B pabGoTre 00CcyXmaloTcsi COBpeMEeHHbIE MMPEACTAaBICHUST O MOJIEKYJISIPHBIX MEXaHHU3Max
TayraTuii, a TakKXe CyIIEeCTBYIOIINE SKCIIEPUMEHTATbHbBIE MOIEIN TaylaTHUil Ha HOBBIX
aJbTepHATUBHBIX MOJEIBHBIX 00bEKTax — pbidax 3ebpamanHuo (zebrafish, Danio rerio),
¥ HOBBIE HAIIPaBJICHUS UCCIIEIOBAaHUI B JAHHOI 00JIacTH.

Karouesnie crosa: 3e6pagaHmno, TayraTiu, XMBOTHBIE MOIEIN, HEpOAereHepalus, Tay-
(J(0)
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BBEAEHUME

Taynatuu npencrasisitoT cob0il reTeporeHHyIo IpyIiy Cepbe3HbIX HelpoaereHepa-
TUBHBIX 3200JI€BaHUi1, KOTOPbIE XapaKTePU3YIOTCS MPOrPECCUPYIOIIUMU HEBPOJIOTUYE-
CKMMU ¥ KOTHUTUBHBIMU CUMIITTOMaMM M BBI3BIBAIOTCS HapylIeHUEM (PYHKIIMOHUPOBA-
HUS ¥ aKKyMYJISIueid Tay-6eika B Mo3re (Tab:. 1). THmMYHBIMY KITMHTYEeCKUMU IPOSIB-
JICHUSIMU TayTNaTUM SIBJISIIOTCS pa3IMYHbIe HEBPOJOTUYECKHUE MOTOPHbIE TUCHYHKIMU
(rmazoaBuUTaTeNbHbIE HAPYIIEHUs, TOCTypaJibHAasE HEYCTOMUMBOCTb, aKWHE3Us), KOTHU-
TUBHBbIE HApYIIEHUS] — PAaCCTPOMCTBA MaMSITU (IEMEHIIUS), PeUU U TTIOBEIACHUS, a TaKXKe
HapyllleHHe CJIOXHBIX BUAOB YyBCTBUTEJIbHOCTHU [1]. Ha MoJieKyIsipHOM ypOBHE MpH Ta-
yIaTusiX B MO3Te MPOMCXOIUT HAKOIUJIEHNE aHOMaJILHO CBEPHYTOIO Tay-0ejika, KOTOPBIi
MOXeT ObITh OPraHM30BaH B pPa3jIMYHbIe MAaKPOMOJIEKYJISIDHbIE arperaThbl, BKJIIOUYasi CIv-
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Taomua 1. Knaccudukauus u pacripocTpaHeHHOCTb OCHOBHBIX TayIaTUii YeJioBeKa

[Maronorus Bcerpewaemocts (Ha 100000 HaceneHMs)
ITepBuunbie
3R-Taynatuu
Bonesus [Muka 15—22 cnyuaes [10]
4R-Taynatumn
IIporpeccupyrommii HagbsiaepHblii napaauy (ITHIT) 7 cnyyaes [11]
Koptuko6a3zanbHas nereneparusi (KB]I) 2—3 ciyyas [11]
JeMeH1us ¢ aprupoGWIbHON 36pPHUCTOCTHIO 40 ciygaeB [2]
ImoGynsapuas mmmanbHas tayonatust (I'TT) 1—2 cayyas [12]
Bropuynbie
Bonesnp Anblreiimepa (BA) 470 cnyyvaes [13]

panbHble praMeHThl U HelipohuopruisipHblie K1yoku [2]. Tay siBiasieTcs: 6e1KoM, acco-
LIMMPOBAHHBIM C MUKPOTpyOouKaMu HelipoHa (MAP), u Bmecte npyrumu MAP-6Genka-
MU CTaOWUJIM3UPYET COCTOSTHUE MUKPOTPYOOUEK, TEM CaMbIM PEryJUpys POCT aKCOHOB U
aKCOHAJIBHBIM TPaHCIOPT, a TaKXKe IIOJSIPHOCTh HelipuToB [3—5]. Tay-6Gellok Takxke
Y4acTBYyeT B MHCYJIMHOBOM CUTHAJIMHTE IeHTpajabHOM HepBHOM cuctembl (LIHC), mo-
CKOJIbKY €ro AMCHYHKIUMWU MPUBOASAT K PE3UCTEHTHOCTU K MHCYJIMHY U MOTYT CIOCO0-
CTBOBATh META0OIMYECKHM HaPYIIEHUSIM Mo3ra [6].

Ilpu TaymaTusix maTojorMyeckuii Tay-0€J0K BHYTPU HEMPOHOB HAYMHAET aKTUBHO
B3aMMOJICAICTBOBATh C HUTSMU aKTUHA, CIIOCOOCTBYSl UX YIUIOTHEHUIO U 0Opa30BaHUIO
ny4koB [1]. D10, B CBOIO 0Uepenb, MPUBOIUT K CBEPXKECTKOCTH KJIETOUHOTO IIUTOCKEIeTa,
Hapymass yHKUIMYA MUTOXOHIPUI U MHULIMUPYST OKUCIUTENbHBIN cTpece [1]. YmuioTHe-
HHUE LIMTOCKeJIeTa TaKKe HapylllaeT siIepHYI0 000J0UKY KJIETOK, TPUBOAS K pacciiabie-
HUIO HUTE XpOMaTHHA, B CBOIO OYepeb 3aITycKasi TPAaHCKPUIIIIAIO MOTYAIIUX B HOpME
T€HOB U aKTUBUPYs amonTto3 [1]. MMeloTcsa Takke mJaHHBIC O ITOJABJIIEHUM Tay-0eIKOM
CUHTe3a 0eJIKOB (3a CYET CHYDKEHUSI YPOBHSI TPAHC/ISILIMM U UHTMOMpPOBaHUs OMoreHesa
pubOCOM) B 3KCIEPUMEHTAJIbHBIX MOJIEJISIX, UTO TaKXKe MOXET MIpaTh POJIb B HEraTUB-
HOI peryJisiliui JOJITOBPEMEHHO MaMsITU Mpy Taymnatusix [7, §8].

Tay-6enok konupyetcsi reHoM MAPT (microtubule-associated protein tau), u y yeJyo-
BeKa MpeacTaBlIeH 1IecTbio M30(hopMaMU, KOTOPbIE pa3inyaeTcs Mo COAePXaHUIO 3K30-
HOB (puc. 1). AKTUBHOCTbH Tay-0eJiKa U CBSI3bIBAaHUE C MUKPOTPYOOUKAMU PETYJIMPYETCs
dochopumpoBaHreM, a ero rurepdochopuaIrnpoBaHe IIPUBOIUT K arperaiyy 6ejKa u
taynatusMm [9]. ¥ yenoseka reH MAPT naxoautcs B 17-i1 xpomocoMe U KOAUPYET TPpHU
pa3iIuyHbIX TpaHcKpunTa. [lepBblii CONEpXUT 2 ThIC. Map HYKJIEOTUAOB W KOIUPYET
SIICPHBIN Tay-0€JIOK, KOTOPBIiA He CBSI3aH CO cTabuau3anueili MUKpOTPYOOUEK, a ydacT-
ByeT B 3amute JJHK [14]. Bropoii TpaHCKPUIIT COAEPKUT 6 ThIC. ITAp HYKJIEOTUIOB U SIB-
JISIeTCsl OCHOBHOM (popmoit Tay-0enka, Jjokanusytomeiics B LIHC. Tpetuit TpaHcKpuIiT
COIEPXKUT 8 ThIC. TTAp HYKJIEOTUIOB U OOHApYyXXMBaeTcs B neprudepruieckoil HEpBHOM Cr-
creme [15]. T'en Tay-6enka comepXuT 16 3K30HOB, 8 U3 KOTOPBIX ITOIBEPraloTCs ajlbTepHa-
TUBHOMY CITIaiicuHry [16]. DK30HBI MEXIY COOOI OTIMYAIOTCS BCTaBKaMU B N-KOHILIEBOM
nomeHe (u3odopMbl N1 1 N2), a Takke 3 win 4 MOBTOpaMU B IOMEHE, OTBEUYaOIIEM 3a B3a-
nmoseicTeue ¢ MUKporpyooukamu (n3ocdopmsl 3R n 4R) [15] (em. puc. 1).

Pacnpenenenue caiitoB pochopunrpoBaHus Tay-0e1Kka aCUMMETPUYHO, U OOJIbIITH-
CTBO M3 HUX pacrojiaraiorcst Ha C-KoHile ero MoJiekyJnl | 15]. IIporemukuHassl, pocdo-
pUIMpYyIoIne Tay-0eJI0K, BKJIIOYaloT MPOJIMH-HamnpasieHHbIe TipoTrenHKHa3bl (PDPK),
SIBJISIIOIIIMECS] CEPUH-TPEOHMHOBBIMU KMHa3aMHu, a Takxke He-PDPK nporennkuHaszsl u
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Puc. 1. Crpykrypa rena MAPT v uzoopm KonupyeMmoro um tay-06eska 4ejaoBeka, o [16]. Ok3onsl 1,4, 5,7, 9,
11, 12 u 13 BXoOsIT B cocTaB Beex n3odopM Tay-06esika, nmpucyTcTByloux B ueHtpaibHoit (LIHC) u nepudepu-
YyecKoil HepBHOIt cricteMe. DK30H 4a He skcnpeccupyercst B LIHC (Ho BcTpedaeTcst B nepudepuyecKoil Heps-
HOI1 cucTteMe), a 9K30H 14 He TpaHcaupyeTcsi. Dk30HbI 2, 3 1 10 moaBepraloTcst albTepHATUBHOMY CITJIAaliCUHTY
M SIBJISIIOTCST KJTIOYEBBIMU YYaCTKaMU, IO KOTOPBIM pa3inyalorcst n30hopMbl Tay-6eika [16]. [To yucity moBTo-
POB aMMHOKUCIIOTHBIX MOC/Ie10BaTeNbHOCTEH (3 WM 4 MOBTOpPA) B JOMEHE €ro MOJIEKYJIbl, OTBEYAlOIleM 3a
B3aMMOJIeiICTBHE C MUKPOTPYOOUKamMu, pa3nuyaioT 3R- u 4R-Taynatuu (cM. netaim B TEKCTe).

tuposuHoBbie mporenHkrHa3bl (TPK) [17]. OcnoBHoit PDPK saBnsieTcss kuHaza-3 mm-
koreHcuHTas3bl (GSK-3), koTopas ¢pochopuiiupyeT Tay-6eok mo 42 caiitam [18], u ypo-
BEHb KOTOPOI1 MOBBIIIAETCs NpU HeliponereHepanusx [19]. LlukivH3aBucuMast KuHasa 5
(cdk5) Takxke orHocuTcs K rpyrnine PDPK, a ns ee akruBauuu tpedyercst cyobeqruHUIa
p25, KoTopast HakKaIuIMBaeTcs mpu 6oie3Hu Aiblreiimepa (BA) 1 MoxkeT OBITH BOBJICUYe-
Ha B ee naroreHes [20]. Paborta xomiutekca cdk5/p25 cHMKaeT CIIoCOOHOCTD Tay-0ejiKa
B3aMMOJIEAICTBOBATh C MUKPOTPYOOUKAMMU, YTO B UTOTE MOXET MPUBECTU K pa3pylLICHUIO
mutockesieta u anmontosy [20]. Cpenu He-PDPK kuHa3 ciegyeTr yrmoMssiHyTh Ka3eMHKM-
Hasy |, MpeACTaBIeHHYIO Yy JIIoJel 1ecTbio u3odopMamu, AeabTa-u3odopma KOTOpoit
JIOKaIM3yeTcsl ¢ HepohUOPUIIIIPHBIMUA arperaTaMy MpU pasjWyHbIX TaynaTUsiX, Ha-
npuMmep BA u ITHII [21].

AHOMaJIbHOE HaKOTUIEHUE Tay-0ejika B MO3Te MOXKET ObITb OOYCJIOBJIEHO M TEM, YTO
arperupoBaHHbBIN OEJIOK MOXKET PaCIPOCTPAHSTHCS OT HEMpPOHA K HEPOHY U MHAYLIMPO-
BaTh 00Opa3oBaHUE MaKpOMOJIEKYJISIPHEIX arperaToB B cocemHeit kierke [22]. IlaToreH-
Has (popma Tay-0eKa MOXET MepenaBaThCs KaK MpsIMOii TpaHCIOKalluel yepe3 Mmemopa-
HY, TaK ¥ MpPU MOMOIIU CEKPELIMU MEMOPAHHBIX OpraHesi (T.e., C y4aCTUEM 3K30COM,
ayTodaruy U 3HI0COM/IMU30COM), a TAKXKE IMOCPENCTBOM 3KTOCOM [23, 24]. MeTaboansm
U ynajeHue Tay-0elKa OCyllecTBIsIeTCs Aerpananueii mporeacoMoit [25], a Takxke B pe-
3yabTare ayrodaruu [26].

TAYIIATUU

[To cTreneHU BOBJIEYEHHOCTH arperaiuii Tay-0eika B MaTOreHe3 MO3Ta BhIICIISIIOT Iep-
BUYHBIC U BTOPUYHBIC TaylaTUU. B ciyyae, Korma oTJioKeHUE Tay sIBJIsIeTCsl mpeobiana-
JOIIIMM TIPU3HAKOM, 3a60JieBaHNe OTHOCST K IIEPBUYHBIM TaymnaTtusiM. Harmpumep, Tako-
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BBIMU SIBJIsIIOTCSI 00s1e3Hb [luka, mporpeccupyrommii HaabsiaepHbiid napaiuyu (ITHIT),
KopTukobasaibHas aereHepauus (Kb/), nemMeH1ust ¢ aprupoduiabHO 36pHUCTOCTBIO U
miooynsipHast mimanbHas tayornatus (I'TT), (ta6n. 1). Ecium momMumo HernpaBUIBHOTO
dopmupoBaHus Tay-0ejika eCcThb Apyrue OBUKYIIIME CUJIbI MaToreHe3a, To 3abojieBaHUue
paccMaTpuBaloOT Kak BTOpUUYHYIO Taynatuto. Hanbosiee pacnpocTpaHeHHON U KJIMHUYE-
CKU M3BECTHOII BTOpUYHOI TayraTtueii siBiasgercss bA [2]. Takke ncnoiab3yeTcs: KJIaccH-
duKkalus TayrnaTuii Mo KOJIM4YeCTBY MOBTOPOB aMUHOKMCIIOTHBIX MOC/IEN0BaTEIbHOCTEM
B IOMEHE MOJIEKYJIbI Tay-0ejIKa, OTBEeYalollleM 3a B3auMOJeHCTBUE C MUKPOTPYOOUKaMU
(puc. 1). B yactHOoCcTH, K 3R-TaymaTusiM ¢ TpOIHBIM MOBTOPOM B 3TOM JIOMEHE OTHOCSIT
ooie3ns [Iuka, k 4R raynatusm ¢ yeteipbms mosropamu — [THIT, KBl u I'TT [2]. Bei-
nenstioT Takke cmemaHHble 4R/3R-dopMel Taymaruii, B ToM umcie, HanpuMmep, bA u
BO3pacT-acColMUpOBaHHas Taynatus [2].

ITomMrMO HEBPOJIOTUYECKUX MTOKA3aTeei, TayraTUuM Takxke TUarHoCIUPYIOTCS 110 MO-
JIEKYJIIPHBIM Y TUCTOJIOTUYeCKUM npu3HakaMm. Hanpumep, 6onesus [1uka sBnsieTcs Ba-
PUAHTOM JEMEHLIMU U XapaKTepU3yeTcsl HapyllleHUeM KOTHUTUBHBIX (DYHKUMIA, a TaKXKe
MpOSIBJIEHWEM acOollMaJIbHBIX HakJIOHHOCTel. I1pu 6ose3Hu Iluka mpoucxoauT nereHe-
panust TOOHBIX Y BUCOYHBIX JTOJIE MO3Ta, KOTOpasi COIMPOBOXIAAETCS TMOSIBJICHUEM 1IUTO-
rutazmatndeckux tesell [Muka — ckorieHuit arperupoBaHHOro Tay-06eska. Takue BKITIO-
YeHMUsI TIpeodIaIaloT B KJIeTKaxX 3y0uaToit U3BWJIMHBI TUIITIOKAMIIA, a TAKXKE B aCTPOLIUTAX
W oMrogeHapouuTax [27].

ITpu ITHIT HeitpodubpuiIsipHble KIIyOKM OOHApY>KUBAIOTCS B CyOTaIaMUUECKOM ST~
pe, 6a3aJbHBIX TAaHIJIMSIX U cTBOJIe Mo3ra [28]. [1pu aToM HabogaeTcs ITaToaHaTOMUYE -
cKasl TeTepOreHHOCTh, MOCKOJIbKY MHOTAA MPEUMYIIECTBEHHO TOopaXaeTcsl CTBOJ To-
JIOBHOTO MO3ra, a MHOIIa HabogaeTcsl maTrojiorusi B kope Moara. Eiie oqHUM OTIn4uu-
TEJIbHbIM MPU3HAKOM 3a0o0JieBaHUS SBJSIETCSl acTpONIMalibHas Taynatus (KoTopas
XapaKTepu3yeTcsl OTIOXKEHUEM OejiKa B aCTPOLIMTAX) U TIPUCYTCTBUE CYOKOPTUKATbHBIX
Tay-Kiayooukos [29].

Hnst KB xapakTepHbIM MaTOJOTMYECKUMM TMPU3HAKOM SIBJISIETCS HAKOIUIEHUE Tay B
KOPTUKAJIBHBIX HEPOHAX U TJIME, a TAKXKE B HEPOHAX CTpUAaTyMa, COMPOBOXAAIOIIEeCs
HeliponereHepalyeil Kopbl U yepHoii cyoctanumu. [Ipu 3Tom arperathbl Tay-0ei1Ka MMEIOT
dopMy HeMpOPUOPMILISIPHBIX TPYOOUEeK U C(heprniIeCKNX BKIIIOUCHU — KOPTUKOOA3alIhb-
HEeIX Tenen [30]. JlemeHIUs ¢ arpodIbHOM 36 pHUCTOCTHIO XapaKTepU3yeTCsl MEJIKUMU
nuddy3HbIMU BKIIOYEHUSIMU OejiKa Tay, KOTOpbIe JJOKAJIM3YIOTCS B aKCOHAX U IEHIPU-
Tax. JlaHHO€ COCTOSIHME YacTO COITYTCTBYeT ApyruM taynatusiMm, TakuM kaxk [THII, KB
u BA [2] (Ta6u. 1).

OCHOBHBIMUM HEBPOJIOTUYECKMMU MPU3HAKAMU TayMaTHil, KOTOPbIE MOTYT OTHOCUTCS
K pa3HbIM 3a00JIEBAaHUSIM, SIBJISIIOTCS TTIOCTYpaJibHbIE, IJIA30BUTaTEIbHbIC, KOTHUTUBHBIS
M TOBeIEHYECKUE HAPYIIEHUSI, a TAaKXKe TUCHYHKIIUY Pa3IMYHBIX BUAOB UyBCTBUTEIbHO-
¢t U peun (BKIouast acdasuio u anpakcuio). Hanbosee cepbe3dHOe KITMHUUECKOE MTPOsIB-
JICHWE TaynmaThii — DeMeHIUsI — BcTpedaeTcsa y 3—26% manmeHToB. JIOGHO-BUCOYHYIO
nemeHuuio (JIB/1) MoxHo pa3menuTh Ha HECKOJIBKO CUHAPOMOB C pa3HbIMU (DEHOTUITH-
YEeCKUMM TIPOSIBICHUSIMU, HauboJiee paclpoCTpaHeHHO (opMoil KOTOpoii SBIIsIETCS
noBeneHuyeckuii Bapuant JIB/ [31]. YacTeiMu KanHUYeCcKUMU TipusHakamMu JIB siBisi-
FOTCSI pACCTPOMCTBA CYXXKICHUI, CAMOKOHTPOJISI, a TAKKe COLMAaTN3allNN.

Koptukob6azanbHeiii cuHapoM (KBC) sBisercss BapruaHTOM IIePBUYHOM IIPOIrpeccu-
pymoleit adpa3nu, KOoTopasi XapakKTepu3yeTcsl HapyIlIeHUSIMU peYr U IOHUMAaHUSI IPeJio-
xkeHuii. B ocHoBe KBC moxer nexarb kKak KB/, Tak u npyrue niporenHornatuu. [lpu
KBC u I[THIT HapyuiaeTcst npeumyiiectBeHHo aBurarenbHas dynkums: KbC xapakre-
pusyeTcsi OMHOCTOPOHHE PUTUAHOCTHIO, aripakcueil 1 GeHOMEHOM UyXXOi PyKH, a Mpu
ITHIT naGatomaeTcst oceBasi pUTMIHOCTh, OpanukuHe3us u aucdarust [31].

B 1iesiom, Taynatuu nmpeAcTaBIsIIOT cOOOM CIIOXHbBIE, TTOIU(MaKTOPHbIE PacCTPOMCTBa
IIHC, B ocHOBE KOTOpPBIX JIeXaT MaTOJOTMU Tay-0eKa, BbI3BAaHHBIE PA3JIMYHBIMU TIPU-
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yuHamu. Hanpumep, arperaiiust Tay-0ejika MOXET ObITbh BbI3BaHA T€HETUYECKUMM JIe-
dexTaMu (pepMEHTOB, yUaCTBYIOIIMX KaK B €r0 CEKPELMHU, TaK U B TIOCTPAHCISIIIUOHHBIX
momudukamusax [2]. U xots reHeTndeckue pakTopbl UTPAIOT BEAYIIYIO POJIb B ITATOr€HE -
3¢ TayrnaTuii, OIHaKO JJIsl HEKOTOPBIX U3 HUX, Hanpumep, BA, mokaszaHbl u npyrue dax-
TOPBI pYCKa, BKIIIOYAsI KUIIEUYHBIN aucoakTepro3 [32], Bo3meiicTBe TOKCMHOB OKpYyXa-
roueii cpensl [33] u He3mopoBLIi 00pa3 xku3Hu [34]. boyee Toro, Ha CErOOHSAIIHUI T€Hb
He cylecTByeT 3¢h(GEeKTUBHBIX TEPANIEBTUUYECKUX MOAXOIOB, MO3BOJISIONIMX OTPAHUYUTh
arperaiuio U HakKoIUIeHUe Tay-0eJika B MO3re, MO3TOMY JieueHHe JaHHbBIX 3a00JieBaHU
ocTaeTcs TIPeuMYIIeCTBEHHO CUMIITOMaTuyeckuM. Harmpumep, miisi KOppeKiuu IBUTa-
TeIbHBIX HapylreHuii mpuMeHsiercss L-dopa [35], addeKTMBHBIX M MHOBEOSHYECKUX
CUMIITOMOB — CEJIEKTUBHbIE UHTUOUTOPHI 00PAaTHOIO 3aXBaTa CEPOTOHMHA U HOpaJapeHa-
nvHa [36], a KOTHUTUBHBIX HApYILIEHU — HOOTPOITHBIE Mpemnaparhl (HarpuMep, MEMaH-
TuH) [37]. C yyeTroM cloKHO# monn@akTopHOil MaTo(U3NOJIOTUN TaylaTUii, a TaKXKe UX
MaJiol U3yYEeHHOCTH Y BBICOKOM KIIMHUYECKOI 3HAUMMOCTHU, TepaItusl JaHHBIX 3a00yieBa-
HUI1 MO3ra SIBJISIeTCS BAXKHON OMOMEIUIIMHCKOM pobiemoit. [ToMrMo KIMHUYECKUX JaH-
HBIX, OOJIBIIYIO POJIb B M3y4eHUM IatoreHe3a 3aboneBanuii LIHC urpaior XuBoTHEBIE (9KC-
nepuMeHTaabHble) Moaenu. [loaToMy MofenupoBaHue TaynaTUil Ha XXMBOTHBIX MOEJSIX
SIBJISIETCSI BaXKHOI cTpaTerueii TpaHCISILIMOHHBIX MCClIeIOBaHUI B JaHHOM 00JIacTu.

HKCMEPUMEHTAJIbHBIE MOAEJIU TAVIIATU

[lInpoko MCHoNMb3yeMbIM MOJIEJIbHBIM OOBEKTOM IS U3YYEHUsI TayMaTUil sIBJISIIOTCS
MBIIIIM, TPAHCTEHHBIE MOMEJIM KOTOPBIX Pa3IMYaloTCsI IO SKCIpeccupyeMoit nsodopme
Tay-0e/Ka, HAUIMIUIO WM OTCYTCTBUIO TATOTCHHBIX MYyTallNii, XapaKTepy pacipencieHust
OeJiKa, a TaKXKe CTEIIEHUM CBEPXIKCIpecCHU U MaTTrepHy ¢ochopunupoBanus. Hampu-
Mmep, moaenb P301L, KkoTopast conepXuUT OIHOMMEHHYIO MyTallMIO B TeHe Tay B HEelipoHax
MoO3ra MBIIIM, BOCIIPOU3BOAUT OOpa3oBaHUE arperaToB Tay-Oejlka B MO3Tre 4ejioBeKa
P301L [38]. Tak Kak TaynaTuu SIBJISIIOTCS OMHUM W3 MposiBIeHWiA BA, cylmecTByeT psin
Moenell, B KOTOPBIX KOMOMHUPYIOTCSI MyTallMU TeHa Tay ¢ APYTUMU MYTallUsSIMU, acCo-
LIMUPOBAHHBIMM C MAHHOMW 60se3Hblo. Tak, HampuMep, Y TPAHCTEeHHOM JIMHUY MBIIIei
3XTg-AD c myTtauusiMu B reHax, accouMnpoBaHHbIx ¢ BA (4APP, PSEN) u tay-6enka, no-
MUMO arperauuu GpochopuInpoBaHHOIO Tay, TakKxke HadonaeTcss GopMUpoOBaHUE OJIsi-
1IeK 13 6eTa-aMuionna (elie oarMH XapaKTepHbIii maToMopdhoJIornyecKuii mpusHak bA),
a TaKKe KOTHUTUBHBIE HapyILIEHUsT U HelipoBoctaneHue [39].

[ToMrMO reHeTHYEeCKUX MOJIeJIei TaynaThil, TaKXKe UMEIOTCS UX (DapMaKOJIOTUUECKUE
MOJIeJIU, Yallle BCeTro C UCIOJb30BaHMEM Kpbic. Hampumep, BBeleHUe KpbicaM XJI0puaa
ATIOMUHUS WM CTPENTO30TOLMHA YCWIMBaeT TumnepdochopuimpoBaHue Tay-6enka.
OnHako, Kak MpaBWJIO, JaHHBIE MOIENIM He SBJISIOTCS JOCTAaTOYHO CHelM(MUIHBIMH, U
JacTo SBJSIOTCS TakKe MoJeasiMu BA (¢ HamnuueM ApYTUX XapaKTEePHBIX 1T Hee Tpu-
3HAKOB), U3-3a YEro HeJb3s1 U30JIMPOBAHHO U3YYUTh POJIb rurepdochopuaipoBaHus u
arperauuu tay-6enka B LIHC [40—42]. BHyTpu-runnokammajibHOe BBEIEHUE OJIUTOME-
pOB Tay-0eJiKa rpbI3yHaM IT03BOJISIET U3YYUTh BIMSIHUE OCTPOTO YBEJIMYCHUS YPOBHS Tay,
HO B MEHBIIIe Mepe TO3BOJISIET OTPA3UTh BPEMEHHYIO JTUHAMUKY MAaTOJOTUIECKUX U3Me-
HEHMIT B pe3yibTare ITOCTEIIEHHOTO HAaKOIUIEHWs Tay-0ejika, KOTOpOe IPOMCXOIUT B
KJIMHUKE Y MAl[MeHTOB C TaynatusimMu [43, 44].

B kauyecTBe anbTepHATUBHBIX MOJEITbHBIX OOBEKTOB TIPU M3YYCHUM Pa3IMYHBIX TTaTO-
TEHETUYECKMX aCITeKTOB TayMmaTuii TakXke IMPOKO WCMOJB3YIOTCS (DPYKTOBBIE MYIIKHU
Drosophila melanogaster u nemaronsl Caenorhabditis elegans. Hanpumep, y MyllleK UMeeT -
cs 1 reH, KOOUpPYIOIIU Tay-0eJ10K, KOTOPhIi COAEPKUT 5 TOMEHOB, B3aMMOAEUCTBYIO-
IIUX C MUKPOTpYOOUKaMu (B oTyimure oT 3 1 4 MOBTOPOB y YesnoBekKa). B HacTosmit Mmo-
MEHT CYIIIECTBYET OKOJIO COTHU MOJIEJIel TaynaTuii Ha MyIlIKaxX, KOTOpbIe BOCIIPOU3BOIST
rurepdochoprIMpoBaHe, HO He arperaluio Tay-0ejKa, U OTJIMYaloTCs 3KCIpeccueit
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Ppa3HbIX U30(POPM Tay-0eJiKa, BKII0Yasi MyTaHTHBIE M30(DOPMbI, B TOM YHMCJIe C pa3iny-
HBIMU TIPOMOTOpaMu, Hanmpumep, rnazocnelnuaHbiMu [45]. C. elegans aKcnipeccUpyioT
nBe M30(OpPMBI MENTHUIA, TOMOJOTUYHBIE Tay-0enKy uenoBeka [46]. Ha ceromnsimHmit
JIeHb U3BECTHO OKoJio 20 Moieeit TaynaTuii Ha HeMaToaaxX, KOTOphIe TAaKXKe OTINYAIOTCS
n3ohopMaM U TIPOMOTOPAMH, a TaKXkKe XOPOIIO BOCIPOMU3BOASAX MPOTPECCUPYIONTNI
(BO3pacT-3aBUCUMBIIi) XapakKTep rnmatoreHesa [46].

Hapsiny ¢ rppl3yHaMu 1 6€CIO3BOHOYHBIMU CO3MAaHbI SKCIIEPUMEHTAIbHbIE MOIEIN
TayrnaTWil Ha HOBBIX MOJETbHBIX 00beKTax — pbibax 3edpamnanuo (zebrafish, Danio rerio).
Hacrostimii 0630p 00cyXIaeT CyIIeCTBYIOIINE dKCTIepPUMEHTaTbHbBIC MOIEIM TaymaTHii
Ha 3e6pagaHro ¥ HOBbIC HATIpaBJICHUS UCCIeOBAHWI B JaHHOM 00J1acTH.

MOJEJIWPOBAHUE TAYIIATUMN HA 3EBPAJIAHUO

Heitipobuonoeus 3ebpadanuo

3ebpamaHuo — MPECHOBOAHASI KOCTHCTasl pbiba, koTopasi ooutaer B KOxxHoit A3uu u
o0J1amaeT psiIoM XapakKTepUCTHUK, AeIalOIIUX ee TTOMYISIPHBIM MOJIEJIbHBIM OOBEKTOM LIS
n3ydeHus1 pusnonaorun 1 naropusnonorun LIHC [47—50]. ¥ 3ebpagaHuo npeacraBiie-
HBI BCE OCHOBHBIC HEiipOMeaaTophl, XapaKTepHbIe IS TO3BOHOYHBIX, B TOM YUCJIE TTy-
TamaT, ramMmMma-amMmuHoMacisiHasg kuciaora (TAMK), MoHoaMuHBI, alleTWIXOJIMH, TUCTa-
MWH, DIMIWH, 9HI0KaHAOMHOUIBI U TypuHbl. Kpome Toro, HabionaeTcsi BLICOKOE CXOI-
CTBO C YEJIOBEKOM B Mpolieccax CMHTe3a U MeTaboJIM3Ma HeMpoOMeIuaTopoB, KOTOPhIe
noapoOHO M3y4YeHBI K HacTosiemMy MoMeHTy [51, 52]. Ha 3ebpaganno Takske MOXHO
OLICHUTH IIIMPOKUI CITEKTP MOBEICHUYESCKUX peaklnii. B yacTHOCTH, OHU IeMOHCTPUPYIOT
collMaIbHOE, TPEBOXHOE M OPUEHTHUPOBOYHO-UCCIEAOBATEILCKOE TOBEIeHUE, U, He-
CMOTpPsI Ha OTCYTCTBME KOPBI M TUITIIOKaMIIa, IEMOHCTPUPYIOT BhIpaKEHHbIE KOTHUTHUB-
Hble (DYHKIIMU, IaMsTh U obydyeHue [53].

[o/10BHOI MO3r 3e0palaHuo MO CBOEMY CTPOCHMIO JOCTATOYHO KOHCEPBATUBEH U
OpeacTaBlIeH MEePEIHUM, CPESIHUM U 3aTHUM Mo3roM [54]. IlepenHuii MO3T, B CBOIO O4Ye-
peb, COCTOUT U3 KOHEYHOTO Mo3ra (TTajuthii, Cyormajliiii 1 060HSTeIbHbIC JTYKOBUIIBI),
MPOMEXYTOYHOTO MO3ra U Tunortaiamyca. M3-3a Toro, 4ro Mo3r 3e6pamraHiuo pa3BUBaETCS
MyTeM MHBarmHaluu, HEKOTOpbIe 00JIaCTU, BKJIOYAsl TUIIIIOKAMIT U MUHAAJIUHY, Y 3€0-
pazaHuo He MpeACTaBIeHbI, a UX (DYHKIMU BBITOJHSIOT IPYyrUe CTPYKTYpPhI (Haripumep,
OJIHA U3 30H MMaJUIUsI 9KBUBaJICHTHA 3y04aToii U3BMJIMHE TUIIiokamIia). B 1iesjom, ocHOB-
Hble (GYHKIIMY KOHEYHOTO MO3Ta PhIO — 3TO PETYIISIIINS TTaMSITH, SMOIIMI U COITMATBHOTO
noBeneHUs. [IpOMeXyTOUHBINM MO3T, COCTOSIIIINI U3 TajaMyca, ITUITKOBUIHOTO Teiaa 1
Y3IEeUYKHU, PEryJIMpyeT BHUMaHWe 1 LIMPKATHbIE pUTMEI phI0 [54]. CpemHuii Mo3r 3e0pana-
HHUO YYacTBYeT B OCYIIECTBJIEHUU 3PUTEIbHON U CIyXoBOi (yHKUMKA. 3agHMII MO3T
MpencTaBJieH MPOIOJTOBaTbHIM MO3TOM, MOCTOM M MO33eYKOM. MO3Xe4OK y4acTBYET B
peanu3aluu IBUraTelIbHbIX pedIeKCOB U B IBUTATEILHOM OOYYEHUH, & CTBOJI KOHTPOJIU-
pyeT XM3HEHHO BaXXHbIe QYHKIIUY (HamipuMep, ObixaHue) [54].

TMpakTHYeCKUMU TTPEUMYIIIECTBaMM 3e0paTaHuo KakK MOAEIBHOTO 00beKTa B GuoMe-
IUIIHE SIBJISIIOTCS] BBICOKAsi CKOPOCTb PAa3MHOXKEHUST 1 BO3SMOXHOCTb BU3yaU3aIluy M-
OpUOHAILHOTO Pa3BUTHUS OJjlarogapsi MPo3payHOCT UKPUHOK, YTO TMO3BOJISIET HAOI0IATh
3a pa3BUTHUEM Kak ILIeJIOr0 OpraHru3Ma, Tak U OTAEbHBIX ero KJieToK. JlaHHast Mosesib B OC-
HOBHOM MCIIOJIb3YETCS IIJISI OLIEHKU JeHCTBUST (hapMaKOJOTHYECKMX U TOKCUKOJIOTHYe-
CKHUX areHTOB, KOTOPBIe OKa3bIBAIOT 3(PPeKT Ha pa3BUBaIomuiicss opranusM [55]. Kpome
TOTO, 3e0paTaHuoO MCHOJIB3YIOTCS UISI aHAJIN3a TTOBENeHYECKUX MAaTTEPHOB, OLIEHKA KO-
TOPBIX TPpeOyeT MEHBIIIMX BPEMEHHBIX 3aTpaT 10 CPaBHEHUIO ¢ TphI3yHaMHU. Bo MHOTOM
9TO MIPOMCXOAUT OJarofgapsi HEOOIbIIIOMY pa3Mepy KMBOTHBIX U MOBEAEHYECKUX YCTaHO-
BOK, a TakXe BO3MOXHOCTU TECTUPOBATh MHOTO >KMBOTHBIX IapajuieibHO. DKOHOMUS
BPEMEHHBIX PECYypCOB, BbICOKAsI TeHeTUYecKast U (hU3MoJornyeckasi TOMOJIOTUS C YeJio-
BEKOM, a TaKXXe pa3BUThIC HEMpOMeIMaTOPHbIE CUCTEMBI [56—58] BMecTe 0OyciiaBinMBa-
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10T TIPUMEHUMOCTh 3e0paJaHuO B KauyeCTBE MOAEIU IS BHICOKOA(P(HEKTUBHOIO CKpHU-
HUHTa HelipodapMaKoJIOTUUEeCKUX TpernapaToB U aHaJM3a HeMpOOMOJOTrHIeCKUX Mpo-
1IECCOB, B TOM YHCJIE IS MOJICTUPOBAHUS TayTIaTHA.

lenemuueckue modeau maynamuu Ha 3e6padanuo

BakHasi cTpaTerust MoJaeJMpPOBaHUsl TaylaTuii Ha 3e0pajaHUuO — 3TO CO3JaHUE TeHe-
THYEeCKU MOTU(MUIIMPOBAHHBIX OpraHu3MoB. HanpumMep, eciii y yesloBeKa reH Tay-6ei1Kka
(MAPT) npencraBiieH B OMHOI KOIINM, TO Y 3e0pagaHUo (B pe3ylbTaTe TOIIOJHUTSIbHOMN
NYIUIMKALIMM TeHOMA y KOCTUCTBIX PhI0) mMeeTcs nBa napanora — MAPTa v MAPTb. Tlpu
CO3IaHUU MOJesieil TaynaTuM Ha 3e0pagaHuo B X T€HOM OOBIYHO BBOIUTCS UeioBeve-
ckuit MAPT, Hecyluii MyTaluu, XapakTepHbIe JJI1 TeHETUYECKN-00YCIOBIEHHBIX KM~
HuYeckux dopm Taymaruii. Kak mpaBuio, B MOIEsIX Ha 3e0pamaHUO MCITOJIb3YIOTCS
HelipoHaJIbHBIE TTPOMOTOPHI, Takre Kak GATA-2 [59] unu Huc [60], a Takke cucteMy
akcrapeccuu Gal4/UAS, gacTto peanusyeMylo W IS TPaHCTEHHBIX (PPYKTOBBIX MYIIEK.
OOBIYHO cOo31aroTcs aBe KOHCTpyKLMM (driver u responder), KOTOpble COOTBETCTBEHHO
colepxkaT akTuBaTrop TpaHckpunuuu Gal4 U mociaeaoBaTe/IbHOCTh, KOTUPYIOIIYIO MY-
TaHTHBIN Tay-0eJIOK U TakKe (iyopeciieHTHbI 6enok (Hanpumep, DsRed) nnsa Busya-
JIM3alU KJIETOK, TIe MPOU3O0IIUIO BCTpauBaHue KOHCTPYKLIMK B reHoM [60, 61].

B Monenu neiiponanpHo akcpeccuu MAPT ¢ myranueii 2N4R y ppi06 HaGomaeTcs
HakoIieHUe TuIep¢ochOopMINpPpOBAHHOIO Tay-0ejKa U pa3pylleHue KOMIIOHEHTOB 1M~
TockesneTa [59]. OnHoil U3 Haubosiee MPU3HAHHBIX MOJEJe TaynaTuii Ha 3e0pagaHuo
SIBJISIETCSI HEMpOHaIbHAsT 9KCIIpeccHst MyTaHTHOM (popmbl Tay P301L, B KOoTOpOii TOMUMO
runepdochopunupoBaHus Tay-6eika U oOpa3oBaHUsI HEPODUOPUILISIPHBIX KIIyOKOB
TaKXe HabJIomaeTcsl HelipoaereHepalust B CTMHHOM Mo3re, 1e(eKTHbIe MOTOHEHPOHBI U
HapyleHue JJokoMouuu [60].

Ene onHoit Monesblo TaynaTuii y 3e0pagaHuo sIBJISIETCS 9KCIIPecCUsi MyTaHTHOM ¢op-
MBI Tay A152T, 1Ipu KOTOpoit HaOII0OJaI0TCs TTaToJIorndeckoe hochopuyimpoBaHe Tay-
Oenka 1 o6pa3zoBaHue HeMPOhUOPUIUISIPHBIX KITyOKOB, HeliponereHepauus, ieeKTHbIe
MOTOHEHPOHBI U HapyIIeHNE ITPOTEaCOMHOM aKTMBHOCTU, YTO TIPUBOIMUT K 3aMeIJICHUIO
KiupeHca tay [62]. Takke UMeIoTCs Opyryie reHeTUYeCcKre Moaesieit 3e0pagaHruo, KOTO-
pbie TIPUBOISIT K YBEJIMUCHUIO YPOBHS (pochopuairnpoBaHHHOIO Tay-0ejKa, HO He BOC-
MPOU3BOAAT HEKOTOPLIE BaXKHbIE (DEHOTUIIMYECKUE MPOSBIEHUs naTtojaoruu [63—65] B
OTJIMYME OT BhILIETIEpEUMCICHHBIX Moaeeiil. Hanpumep, eciauv mist KIMHUYECKUX Tayma-
THI XapaKTepHbI aKCOHOITATUM B BUAE TUCTPOMUN aKCOHOB U IeMHUEIMHU3AIINH, Y 3¢0-
paJaHoO aKCOHOMATHs BhIpaxkeHa B Pa3BUTHU Ae(DEKTHBIX MOTOHEHPOHOB [66], TeM ca-
MBIM OTJIMYASICh OT KIIMHUYECKOW KapTUHBI.

Dapmakonocuueckue modeau maynamuu Ha 3e6padanuo

CoznaHHbIe B HacTosiIIee Bpems hapMaKoJornyeckue Moier Ha 3e0panaHuo 3Haur-
TEJIbHO XyX€, YEM TeHeTuuyeckue (HarpuMmep, HOKayTHbIe WJIM TPAHCTEHHBIE) TTOAXOIST
IJIS1 BOCIIPOU3BEAEHUS naTooruu taynatuit. Kak npasuio, oH1 He MOJAETUPYIOT OMOXU-
MHUYECKHE TIPU3HAKM, XapaKTepHbIe MIJIsi 00JIe3Heil, a BOCIIPOU3BOISIT OCHOBHOM HEBPO-
JIOTUYECKUIT CUMIITOM — HapyllleHMe KOTHUTUBHBIX (pyHK1IMIi. TeM He MeHee, TaynaThuu
MOXHO MOJIEJIMPOBATh Y PhIO BBEIEHNEM OKallaeBOW KUCIOThl — MHTUOUTOPA MPOTEUH-
docdaras. [Iporeundocdaraza PP2A sBiseTcss ocHOBHBIM (hepMEeHTOM, KOTOPEI Je-
dochopumpyeT Tay-6e10K. TakuM o6pa3oM, BBeAeHNE OKaTaeBOM KMCIIOTHI IIPUBOIUT
K MaTOJIOTMYECKOMY YBeJIMYEeHUIO (DoCcHOpMIMpPOBAaHHOIO Tay-0ejiKa, a TAakKe BBI3bIBAET
KOTHUTMBHBIE HapylleHUs1 3e0pagaHno. OnHaKo MOCKOJIbKY Y TaKUX PbIO MPOUCXOAUT
arperaiius 6eTa-aMUJIouJa, 1aHHAsl MOJIEb HEIOCTATOUHO crieluduYHa, U MOXET pac-
cMaTpuBaThcsl cKopee B KoHTeKcTe BA [67]. Takke JTOTUYHO MCMOJNB30BaTh BBEACHHE
pbIOdaM OTMTOMEepoOB Tay-0ejIKa WM aMUJIOUIHOTO Oefika (Kak M B ciyyae C TPbhI3yHaMM).
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Hanpumep, 3e6pamaHro MPOBOASIT BHYTPMMO3roBOE BBEJACHUE OJUTOMEPOB OeTa-aMu-
Jiouja ¢ LeJblo BbI3BaTh HelipoaereHepaiyio no tuny BA. Y XoTs1 B oT/iMuue OT rpbi3y-
HOB BBeJIeHHE B3POCJIbIM 0CO0SIM 3e0pagaHo aMUJIOUTHOTO TIeTITUIa HATIPSIMYIO HE BbI-
3bIBaeT (pocopuIpoBaHue U arperaiuio Tay-oeika [68, 69], TaynmaTuto (Hapsiny cC npy-
MU cumiToMaMu BA) MOXHO BBI3BaTh NpPH BBEIEHUM OeTa-aMIJIOMIA SMOpPHOHAM
pwI0 [70].

ITlosedenueckue mecmot Ha 3e6padaniio

TTockonbKy OCHOBHBIMM KJIMHUYECKUMU TIPU3HAKAMU TayTNaTUii SBJISIIOTCS HEBPOJIO-
TMYECKUE U KOTHUTUBHbBIE HapylIeHUs, BOSHUKAET HEOOXOAUMOCTh MOJAETUPOBAHUS U
OLICHKU TTOBeAcHUYEeCKNX (heHOTUITOB Ha 3eOpamaHuno. [ToBeneHYeCKre TECThl TaKXe SIB-
JISTFOTCSI OCHOBOM CO3MaHUsI BHICOKOIPOU3BOAUTEIbHBIX CKPUHUHTOBBIX T1aThOpM Ha
3e0palaHuo, B TOM YMCJIe C TePCIeKTUBOI TECTUPOBAHUSI HOBBIX MpenapaToB sl KOp-
pekuuu taynatuii. CyliecTBYIOT JOCTATOYHO XOPOIIO BAJIMAMPOBAHHBIE aKBATUUECKUE
noBeJleHYeCcKue TecThl Ha pbioax. Hanmpumep, B ycioBUSIX HOBU3HBI (B TECTE OTKPBHITOTO
oJs) y pblO, KaK U Y TPbI3yHOB, MOXKHO OLIEHMBATh OOIIYIO JOKOMOIIUIO 1 OPUEHTUPO-
BOUYHO-MCCJIeAoBaTeabCcKOE MoBeaeHue [71]. ¥ 3edbpagaHuo B TaKMX YCJIOBUSIX 3alllMTHAsI
peakiius IPOSIBJISIETCS B yXO/I€ B MIPUIOHHYIO 00J1aCTh M 3aMUPaHUU, a 3aTeM TTPOUCXO-
IUT TJIaBHOE YBEJTMUEHUE UCCIEN0BATEILCKOTO TIOBEASHMS 110 Mepe Pa3BUTHUSI TIPUBBIKA -
Hus (raburyauumn) [72, 73]. Ilpu a3ToM momasieHne 00IIETO YPOBHS JOKOMOTOPHOM aK-
TUBHOCTU (CHUXXEHUE MPOMIEHHOTO PACCTOSIHUSI U CKOPOCTU) OyIeT CBUIETEIbCTBOBATh
O HEBPOJIOTUYECKUX TUCHYHKUIMSAX PbIO, TMOBBILLIEHUE 3aMUPAHUS U TIPUIOHHOE TIJ1aBa-
HHE — O IMOBBILIEHHON TPEBOXHOCTU, a HapyllleHe eCTeCTBEeHHOI rabutyaluu — o Ha-
PYIIEHUM KPaTKOBPEMEHHOI MTPOCTpaHCTBEHHOM mamMsitu [72, 73].

JIJ1s1 OLIeHKY KOTHUTUBHBIX (PYHKIIWIT Ha 3e0paTaHro IIPUMEHSIOTCS aKBaTU4ecKue X-,
T- u Y-ob6pa3Hble 1aOMPUHTHI, a TAKXKE TECT YCIOBHO-PE(IEKTOPHOTO ITACCUBHOIO 130e-
ranus (YPIIW) [74, 75]. Hanpumep, B Y-o0pa3HOM JIaOMPUHTE MOXHO OLIEHUBATb
CMIOHTAHHYIO AJIbTEPHALIMIO 10 KOJIMYECTBY U TTOCJIEIOBATEIbHOCTH TIOBOPOTOB KakK IO~
Kazateseil KpaTKOBpeMeHHOM naMsTu [76]. PaGouyio TpoCcTpaHCTBEHHYIO TTaMSITh MOX-
HO TakXe OLIEHUBATh 110 rabuTyauuu (MpUBbIKAHUIO) UCCIEA0BATEILCKON aKTUBHOCTU B
akBapuyme. JIaOMpUHTBI, KaK U B Cliydyae ¢ rpbl3yHaMU, TAKXKE MOTYT ObITh UCITOJIb30Ba-
HBI JUIS1 OLIEHKM JTOJITOBPEMEHHOM namsaTu pbid. AHamoruyHo, YPIIN ocHoBaHO Ha 3a-
MOMUWHAHUM KOHTEKCTa, B KOTOPOM 3e0pajaHuO TMPEabSIBIASUIM HEraTUBHbBII CTUMYJI, B
pes3yJibTaTe 4yero BbipadaTbiBaeTcs peakuus n3oeranvs. HeraTuBHBIM CTUMYJTOM 1151 BbI-
pa6borku YPIIUM MoryT ssBUTBCSI pe3KO OpOIIEHHEIN Iepen phIiO0il HeOOIbIIO KaMeHb
[77—79], nepememinBanue Boabl [80] wium anektpuueckuii Tox [81]. B Moaensx raynatuit
Ha 3e0palaH1O OXUAAETCS HapyllIeHUe KOTHUTUBHBIX (DEHOTUIIOB, a TAKXKe HEBPOJIOTH-
YyecKue HapylIeHUsl, B TOM YMCJIE TUTIOJJOKOMOLIUS U aTaKCHUSI.

MEPCNEKTUBbI UCCJTENOBAHUN

Kax yxe ykasplBajoChb, BECOMBbIM MPEMMYLIECTBOM MOZAEJIMPOBAHUS 3a00JEBaHUM
IIHC Ha 3e6pagaHuo 1Mo CpaBHEHUIO C TPhI3YHAMU SIBJISIETCSI BOBMOXKHOCTh OBICTPO TIPO-
BOJUTDH UCCJICNOBAHUS TTOBEIEHUYECKUX MAaTTEPHOB U OOIITUPHBIC BO3MOXHOCTH T€HETH-
yeckux MaHumysuuii. Kpome Toro, ectb apyrue, 6osee yacTHbIe MMPaKTUYECKUE TIpe-
WMYIIIeCTBa TPUMEHEHUsI pBIO ITPU MOACIMPOBAHUHU TaynaTuii. B yactHocTH, y 3eOpana-
HUO MOXHO BM3yaJIU3MPOBATh MOTOHEHPOHBI Ha CTaAMU PAa3BUTHS C UCITOJIb30BaHEM
crieuMpUIHBIX TPAHCTeHHBIX JUHUK [82] unu cnenuduyecKux K MOTOPHBIM aKCOHaM
aHTtuTen Znpl (MBIIIMHBIA MOHOKJIOHAJIbHBIM aHTUCMHANTOTaIrMUH) [82], oTciexuBas
pa3BUTHE MOTOHEMPOHOB B TMHAMUKE TaynaTtuu. Takke Mojesib TaynaTuy Ha 3ebpana-
HUO MO3BOJISIET BU3YAIM3UPOBATh in Vivo TIyTH JAerpaialiuy Tay-0ejka, a MMEHHO paboTy
YOMKBUTHUH-TIPOTEACOMHOM CUCTEMBI U ayTO(arus-Tn30CoMaJIbHOTO ITyTH. JIJIsT 3TOTO B
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MEepBOM CJlyyae B 9MOPHMOH BBOISIT MEUYEHBbII1 CyOCTpaT, KOTOPBIi pacilerisieTcsl poTea-
comoii [83], BO BTOpOM cilyyae MCMOJIb3YIOT TPAHCTEHHBIX XXMBOTHBIX, KCIIPECCUPYIO-
mux ¢ayopecueHTHY0 MeTky GFP-Lc3 (Lc3 saBasieTcss 6en1KkoM, KOTOPbIii KOHBIOTUPYET
¢ MeMOpaHoi1 harocomMbl U UCTIOIb3YyeTCs Kak Mapkep aytodaruu, a GFP (green fluores-
cent protein) siBisIeTCS TPAAMLIMOHHO HMCIIOJb3yeMbIM MapKepHbIM (hIyopecueHTHBIM
0enKoM), MO3BOJISIS TEM CaMbIM OLIEHUTh aKTUBHOCTb ayTodaruu no ypoBHIo yopec-
LIEHLIMU B MO3Te [84].

COOTHECTHU TUCTOJIOTUUECKUE XapaKTEPUCTUKHU TayTaThii, HabMtomaeMble y TPhI3yHOB,
C KOHKPETHBIMM TaTOJIOTUYECKMMU COCTOSIHUSIMU YeJIOBeKa JOCTaTOYHO cyioxHO. C ofi-
HOI CTOPOHBI, TPYAHOCTD BbI3bIBAET JUATHOCTUKA Pa3HbIX (POPM TaynaTUil B KIMHUKE B
CUJTY X 4aCTOM KoMOpOuaHOCTU. Tak, Hampumep, AeMeHIs ¢ arpodMIbHO 36pHUCTO-
CTBIO SIBJISIETCSI YaCThIM COMYTCTBYIOIIUM 3a00JieBaHUSM TIpU JIPYTUMX Taymnatusx [2].
C npyroii CTOpOHBI, He HabJoAaeTCs aOCOTIOTHOTO CXOICTBA MEXIY 30HAMU pacrpese-
JieHUsI OEJIKOBBIX arperaToB MpU HEMPOIETeHEPATUBHBIX COCTOSTHUSIX Y YEJIOBEKa U TPbI-
3yHOB. B yactHocTH, ipu3Haku natoMopdosoruu npu BA y yenoBeka B OCHOBHOM Ha-
OmonaroTess B MpedpOHTANbHONM KOpe, TOrIa KakK Yy IPbI3yHOB — IMPEUMYIIECTBEHHO B
runmokamme [85]. MHTepecHOo, 4To 06¢e JaHHbIe 00JIACTH MO3Ta OTCYTCTBYIOT Y 3e0paja-
HUo. TeM He MeHee, MOXKHO TOITBITAThCSI TPOBECTU HEKOTOPYIO aHAJIOTUIO C TOYKU 3PEHUS
TPpaHCISMU NaTOGU3NOIOTMYECKUX TTPU3HAKOB Tayrnatuii. Tak, y mbiiieid iuauu P301L
TayrnaTuvs MPOSIBIISIETCS B BUIE HeMPpOohUOPMIUISIPHBIX OTJIOXKEHU Tay-0eJiKa IMpernMyliie-
CTBEHHO B KOpe OOJbIINX Hoaymapuii, aHatorndyHo narojoruu Kb/l [38]. PaGorsr Ha
3e0pagaHno TakxKe JEMOHCTPUPYIOT OTJIOXEHMs Tay-Oejaka B BUIE HEeMpohuOpuIsap-
HBIX arperaToB, XOTsl paclpeie/icHue B TOJJOBHOM MO3re B JaHHOM CJlydae OTJIUYaeTCs,
HaKaruIMBasch y pei0 B Tamamyce [63]. Takke psa Mozeseil, BKIodast 3e0pagaHuo ¢ My-
TaHTHOU (hopmoii Tay-6enka FTDP-17 u P301L, nemoHcTpupyeT arperaTbl B BUAe Heli-
POoUOPWIIIPHBIX KITyOKOB, XapakTepHbIx misd [THIT [59, 60]. Takum o6pa3oM, HECMOT-
ps Ha TO, UTO paclipelieJIeHUe arperatoB Tay-0ejika y KOHKPETHBIX MOJEIbHBIX OObEKTOB
MOXET OTJIMYAThCs, CTPYKTypa NaTOJIOTMYECKUX 0OPa30BaHUM B XKMBOTHbBIX MOJIEJISIX CO-
OTBETCTBYET HEKOTOPHIM (hopMaM, HaOJIIOaeMbIM Y UeJIOBEKa.

B nienomMm, cyiiecTByolme Moaesu TayrnaTuii Ha 3e0pajaHuo K HaCTOSIIIIEMY MOMEHTY
yXe MoKa3ajiyd CBOIO BBICOKYIO MPaKTUYECKYI0 3HaUMMocTb. Hampumep, Moaens TpaHc-
T€HHBIX 3e0pagaHuo, IKCIPECCUPYIOIINX MyTaHTHYIO (hopMy desoBeueckoro tay P301L,
Takke o6yianaloT QIyopeCclieHTHO MOMEUYEHHBIMU MUTOXOHIPUSIMU, UTO MO3BOJISIET O~
HOBPEMEHHO MCCJIeIOBATh XKU3HEHHBIN 1IMKJI MUTOXOHIPUI U MOAEIMPOBATh TayNaTUIO
[86]. B manHO#T Momenu HabIOmaeTcsT HapyllleHue MHWTOXOHIPUABHOTO TPaHCIIOPTa,
TeM CaMbIM yKa3bIBasl Ha BOBJIEUEHNE MUTOXOHIPHUAIBLHOMN MAaTOJOTUU MTPU BBI3BAHHOM Y
puI0 Taynatuu [86]. Ha 3eGpagaHiio Takske TTOATBEPXKIESHA BaxKHasl pOJib MO3TOBOTO HEel-
porpoduueckoro ¢dakropa (BDNF) B nmaroreHese taymaruii. Hanpumep, akcnpeccus
BDNF cHuxaeTcst y SMOPHMOHOB uepe3 48 4 1ocJie OrIog0TBOPEHUSI B MOC/IU TaylaTHM,
BBI3BAHHOIT 3KCIpeccueil MyTaHTHOM (hopMbl yenoBeueckoro tay P301L, uro mpuBoaut
K HapylIeHUI0 aKCOHAJILHOTO Pa3BUTHUS, OMHAKO HE BbI3bIBAET HelipoaereHepaiuo [87].
Kpome Toro, B Mmomenu 3ebpaganno ¢ akcrpeccueid P301L BeIsIBIeHA poJib TeHa OeaKa
FKBP52 (FK506-cBsg3biBaoimnii 6eJIoKk, MMMYHO(DWINH) — MHAYKTOpA arperaluuu Tay,
yeit HOKIayH, B CBOIO ouepenb, HOPMaIM3YeT POCT U pa3BUTHE MOTOHepoHOB [88]. Ta-
K1M 00pa3oM, MCCiieIOBaHUS Ha 3e0paaH1O YKa3blBalOT Ha BO3MOXXHOCTh UCITOJIb30Ba-
HUS JTaHHOTO OeJKa Y APYrUX HOBBIX BO3MOXHBIX MUILIEHE! TIpU Tepariuy TaynaTuid.

OtnenpbHOI MpoOJIeMOI SIBJISIETCS] MOAEIMPOBaHUE DIMAIbHOW TaynaTuu, Tak Kak
JaHHAasl MaTOJOTUs SBIsIeTcsl pacnpocTtpaHeHHoM Kak mpu KB/, tak u ITHII. ITockonbky
OOJIBLLIMHCTBO MOJieJIeil Ha IPbI3yHax M pbl0ax HaNpaBJIeHO Ha HEPOHAIbHYIO 3KCIpec-
culo Tay-0eJiKka, ero pojib B NIMAJbHON MaTOJOTMU OCTAeTCs HEIOCTaTOUYHO M3YyYeHHOIt
(Tab:. 2). Tem He MeHee, 3e0pagaHO MOTYT OBbITh TTOJIE3HBI U IIJISI pellieHUs] JaHHOM TTpobJie-
Mbl. Hanmpumep, npu codetanum cBepxakcnpeccuu Tay P301L ¢ Momebio TpaHCTeHHBIX PBIO
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Tab6muua 2. OTKPBITHIE BOMPOCHI B 00JIaCTU AKCITEPUMEHTATILHOTO MOJETMPOBAHMS TayaTUit

OTKpbITBIE BONPOCHI

» Kak mMoryt 0bITh co3naHbl HOBbIE 3¢ eKkTuBHBIE (hapmakooruueckre u hapMakoreHeTu4e-
CKMe€ MOJE/IY TayIaTuil Ha 3e0pagaHuo?

* Hackonbko ¢hyHKIIMOHATbHbIC U3BMEHEHMSI IPU BTOPUYHBIX TAyMaTUSIX OTPaXkaloT U3MEHEHU s
pu niepBUYHBIX? Hanmpumep, HACKOJIbKO BO3MOXKHO MCITOJIb30BaTh MOAEIN 00JIE3HN AJTbII-
reiimepa (BA) y pbI0O Kak MPOKCH TSI U3YYEHUsI TIEPBUYHBIX TayraTUii?

» Kakue cylecTByIoT IOMOJIHUTEIbHbIE paHHUE (IOCUTIMTOMHBbIE) NTOBEAeHYECKUE U maTodhu-
3MOJIOTUYECKME OMOMapKephl TayIaThuii y 3e0pagaHuo?

* Oka3sbIBaeT JIM BIUSTHUE XPOHUUECKHUI CTpecc Ha pa3BuTue Taynatuii? Eciiu na, To KakoBbI Me-
XaHU3MBI TAKOTO BJIIMSIHUSI, U OCOOEHHOCTH Y PbIO (IO CPaBHEHUIO C TPhI3yHaMu)?

+ Kak dakTopsl OKpyKarolieii cpebl (HalpuMep, ee 3arpsisHeHNe) BIUSIOT Ha pa3BUTHE Tayma-
tnit? Kaknm 06pa3oM MOKXHO BOCIIPOM3BOINTD BIUSIHUE JAHHBIX CPEIOBBIX (DAKTOPOB B JKH-
BOTHBIX MOIIEJISIX, B TOM YMCJIE aKBaTUIECKUX?

*  Hanuuue cornyTcTByOIIMX 3a00I€BaHUI MOXET OCJIOXHUTD IMarHOCTUKY TayraTuii, Harpu-
mep, BA [104]. KakuM 06pa3oM BO3MOXKHO PEIIUTh 3Ty MpodaeMy?

* Hapymenue ayTodaruu CrmocoOCTBYET IMaTOreHe3y Tay-acCOLIMMPOBaHHOM HelipoaereHepa-
muu [105]. Byner iu TepareBTHYeCKasi CTpaTerysi, OCHOBaHHasl Ha aKTUBALIMK ayTodaruu,
yCIellHa UIsl JieueHUsl pa3HbIX popM TayraTuii? byaer v Takast ctparerust paboTath UIsl BTOPUY-
HBIX TaynaTuii?

»  Hurubuposanue cucreMbl mI'OR omocpenyet nerpanaruio hochopmIMpoBaHHOTO Tay-0ejTKa.
Kakoii Bkiazg B matoreHes tayrnaTtuii BHocsiT mI'ORonatun? M, Ha0060poT, BO3MOXHO JI1
YMEHBILINTb TAYNAaTUIO MOCPEACTBOM BozaeicTBus Ha mTOR-curnammur?

» Kakyio posib UrpatoT anureHeTndeckue hakTopsl B TaToreHe3e TaynaTuii?

» KakoBa poib HepormMaJbHBIX B3aNMOACHCTBUI TPU pa3BUTHHU Taynatuii? Kakosa crierm-
¢buKa BOBJIEUEHUSI HEIPOHOB 1 IJIMU B MOEJISIX TaylaTUM 3e0pagaHuo?

+ Tloka3aHo, 4TO HEKOTOpbBIE Mpenapartsl MPY TaymaTUuu UMEIOT MOJI-3aBUCUMBbIE TepareBTuye-
ckue adextr [ 106]. EcTb 11 pa3HMIIa B TaTOreHe3e TayMmaTHii B 3aBUCMOCTH OT 10J1a, U IO~
yemy?

* CHuxXeHUe cofepxXaHus Tay-0e1Ka yMeHbLIaeT NPOsIBICHUE CUMIITOMOB ayTU3Ma y MbIILEl
[107]. KakoBbl BO3BMOXHbIE MEXaHU3MbI B3aUMOCBSI3U TaylaTUii 1 pAaCCTPOICTB ayTUCTUYE-
cKoro criekTpa? MoxHO Jix mono0paTh Tepaluio, OMTHOBPEMEHHO KOPPEKTUPYIOIILYIO pac-
CTpOIICTBa ayTUCTUYECKOTO CIIEKTpa U TayrnaTuu?

* W3sBecTHO, uTO muabeT siBjsieTcsl (haKTOPOM prCKa pa3BUTHs TayrnaTtuii. Hackonbko MoryT
MPOTHBOANAOETUYECKUE CPEACTBA CYXKUTh MOTEHIIMATbHBIMU TEPANEBTUYECKUMU areHTaMu
MpU TayImaTUsIX?

*  Bo3MOXHO JI1 UCITOJIB30BaTh TCparinio CTBOJIOBbLIMU KJIICTKaMM IJIsd KOPPEKIMHU TayHaTPII;'I?

«  Kakosa PpOJIb HEPOBOCTIAJIEHUS B IATOTEHE3E TayHaTI/Iﬁ? MOI‘yT JIM aHTUBOCIIAJIUTCIIbHbBIC
CpeacTBa CIIY>KMTb NOTEHUMAJIbHbIMU TEPANICBTUYCCKMMUA areHTaMu 1pu TayHaTI/IHX?

» KakoB reHOMHBII 1 TPOTEOMHBII TTpodIb TaynaTuii? CyIecTBYIOT JIU O0IIIHE, a TAKXKe CIe-
mududeckue (IJIsk Kaxkaoro 3a00eBaHNsT) OMUKCHBIE “TIOANIMCHY” TayHnaTHii?

*  Hackonbko TpaHCKPUIITOMHBIE MPOGhUIN TaynaTUii YeJ0oBeKa MepeKpbIBAlOTCSI C TAKOBBIMU B
9KCIIEpUMEHTAIBHBIX MOEJISIX TAaHHOTO MaToreHe3a y XMBOTHBIX? HackoiibKo nmocienHue 06-
mue (epeKpbIBalOTCs) Y TPBI3YHOB U 3e0panaHuo?

¢ ¢iryopecuieHTHEIMI MapKepamu MuKponmiu ApoE (armonumnonporenH E)-e GFP nmpowncxo-
IUT HU3MEHeHNe MOpGOJIOTUUECKOTO COCTOSIHUSI TIWAJIBHBIX KJIETOK M (harolmTos.
B 37001 ke Moaenu rmoka3zaHa HelpoIpOTeKTOpHAsl pOJib MUKPOIIIMU TPU IKCITEPUMEH-
TaJIbHOM TayInaThu, TaK Kak aOJisIuMs TIMabHBIX KJIETOK YCUIMBaeT dhochoprimpoBa-
Hue Tay-0enka [89]. Takum 06pa3om, Moieu TayraTuii Ha 3e0panaHro MO3BOJISIIOT OLIEHUTh
0COOEHHOCTU COCTOSTHUSI MUKPOIJIMM TIPU TaTOTeHe3e, TaKXKe yKa3blBasi HA HEOOXOaM-
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MOCTb JaJIbHEHIIIETO N3YyYeHHUS POJIM ACTPOLIMTOB 1 OJIMTOJCHAPOLIMTOB B ITATOTEHE3€E Ta-
yraTuit.

Mopenu TaynaTvii Ha 3e06pagaHMO TaKKe MOTYT ObITh MCIOJIb30BaHbI MTPU TECTUPOBA-
HUM TIOTEHIIMAJIbHBIX TepareBTUYECKMX areHToB. Hampumep, Ha TpaHCreHHBIX 3e0pana-
HUO, KCIIpecupylonux yemopedeckuii Tay P301L, oka3piBaeTcs 3(p(eKTUBHOM Majiast MO-
nekyna AR-534 — nuruurop kunassl GSK3P, cHikarommit hochopunmmposanme tay [90].
Ha 3e0GpanaHuo Takxke MpoTeCTUPOBAHbI HECKOJIBKO KJIMHUYECKUX MPenapaToB, BKIIIO-
yasi cypdeH 1 okcamicypdeH, BocCTaHaBIUBalolIe ne(eKTbl MOTOHEHPOHOB IIpH Tay-
MaTuX, BEI3BAHHOM y pBIO 3KCIIpeccueil MmyTaHTHOM ¢dopmbl Tay P301L [91]. DMOpuro-
HaJbHasi MOJIeJIb TayMaTHUU BhI3bIBaeTCsl y 3e0panaHuo akcnpeccueit tau-GFP, yto mos-
BOJISIET in Vivo OTCIIEXXKUBATh TMOeNb HelipoHOB. [1pu BbICOKOA(DHEKTUBHOM CKPUHUHTE
400 coemmHEHMI M3 DKCTPAKTOB PACTCHUI MOKA3aHO, YTO 45 coeqMHEHUII CHIDKAIOT BBI-
3BaHHYIO Taynatueit HeliponereHepaiuio [92].

JOonOMHUTENBbHBIM MOTEHIIMAIBHBIM TTPEUMYIIIECTBOM T€HETUUECKUX MOJeeil Tayra-
TUIA Ha 3e0palaHUoO SIBJISIETCS yXKe YIOMSIHyTasl TyIJIMKalMsl YaCTU TeHOMa KOCTUCTBIX
pui6 [58]. Hampumep, npu HOKayTe KaKOro-TO BUTAJILHOTO T'eHa Y PbIO IMO-TIPEXKHEMY
MOXHO TTOJIyYUTb XXU3HECIIOCOOHOE XKUBOTHOE, €CJTU Y HETO OCTAHETCSI OVH U3 MapoJio-
TUYHBIX TEHOB, a (hPyHKIIMOHAJIbHOE MPOSIBJICHUE 3KCIPECCUM TeHa OyAeT BhIpaXkeHO B
MEHbIIIEH cTerneHu, yem y aukoro tuma. Kpome Toro, y 3e6pagaHmo, Kak y MHOTHUX PbIO,
XOPOIIO pa3BUTa HeMpopereHepaius, U ee U3y4deHUe MOXKET OTKPBITh HOBbIE TepareBTU-
yeckue MUIIEHU MPU KOPPEKLIMU HelpolereHepaTUBHBIX 3a00JI€BaHU1, B TOM YUCJIE Ta-
yrnaruii, OCHOBaHHOM Ha M€XaHMU3Max HEMporeHes3a U HapylleHU HepomInaabHbIX B3a-
UMOJIECHCTBUIA.

N3zydeHue npoiieccoB BOSHUKHOBEHUSI M MPOTEKAaHUS TaynaTuii Ha 3e0paJaHuo OT-
KpBIBaeT U JApyrue MepcrieKTUBHbIE HAMPABJICHUS UCCIENOBAaHUI, B TOM YHCJIE OLIEHKY
paHHMX MapKePOB, BKJII0Uas Kak crieliupuieckre MoBeaeHYeCKre naTTepHbl, Tak U OUo-
XUMHUYECKHE MapKephl B KPOBU WJIH LIepeOPOCIIMHAIBHOM XKuaKocT. [1logoOHast paHHsIs
IMarHocTukKa 3aboJieBaHUI MO3BOJIUT MOAOOpaTh Tepaluio 10 Havajla HeipoaereHepa-
LM U COXPAHUTb KOTHUTUBHbIE CIOCOOHOCTHU uenoBeka. st BA nmpumepom mocumii-
TOMHOTO MOBEJIEHYECKOTO MapKepa MOXKET ObITh IeTTpeccusi, KOTopasi BTpOe YBEINYUBAET
puck BA [93], a ee KoppeKius aHTUAENIpecCaHTaMM CHMXXAeT HelponereHepaluio [94].
OOHapyXeHUe MOAOOHBIX JOCUMITTOMHBIX (hU3MOJTOTMYECKUX MAPKEPOB TayNmaTuii 1Mo3-
BOJIUT CO3/1aTh TEPAIIMIO HA pAHHUX CTaAUSX OOJE3HU, TEM CaMbIM CYILIECTBEHHO MOBbI-
111as1 LIAHCHI HA YCIeX Tepanuu TaynaTuid.

Taxoke MOTyT OBITH MATOr€eHETUYECKU CBSI3aHbI TaynmaTuu 1 nuader. Hampumep, oba
TUIIa caxapHOTro auabeTa SIBISTIOTCS (paKTOpOM pUCKa Tay-OIMoCcpeaoBaHHOM Heiipoaere-
Hepauuu [95], a y MBIIIEN ¢ TeHeTUYeCKOM Momenblo BA HapymaeTrcss MHCYJIMHOBBIN
CUTHAJIMHT [96], TTO3BOJISISI MPEATTONOXUTD HapyIIeHUsI HCYJIWH-3aBUCUMBIX TTPOIIECCOB
B Ka4eCTBE paHHEro OMOXMMUYECKOTO MapKepa Tayrnartuii. [lepcnekTuBHO U u3ydyeHue
poau cucteMbl MIT'OR (MuIlleHN parmaMyIIMHA Y MJICKONUTAIOIIMX) IIPU TayIIaTUsIX, KO-
THUTUBHBIX nuchyHKIMIx U BA [97]. Hanpumep, nunrubuposanue mTOR cnoco6cTByeT
KJIMpeHcy Tay-0enka [98], u mostomy monyiasaiuss mI OR-curHaJimHra MOXeT SIBJISITHCSI
MEPCIIEKTUBHON TeparieBTUYECKO CcTparerveil mpu TaynaTUsiX pasiIUudHOUM TPUPOIBI.
WHTEepecHBIM BOIMPOCOM SIBJISIETCS TAaKXe POJb MUKPOOMOTHI B PA3BUTUU TayIaTHIA.
K npumepy, nmokazaHa CBSI3b MEXAYy MUKPOOMOTOM KUIIIEYHMKA U pa3BUTHEM DA, omno-
cpelnoBaHHBIM HelipoBocniaseHueM [99], a Takxke CBSI3b MeXIy MUKPOOMOTO U Tay-0Io-
CpellOBaHHOII HelpoaereHepalei, MOCKOJbKY TaylaTus yMEHbIIJIach IPU Hapylile-
HUU MUKPOOHOTEI ¢ IToMoIIbio aHTHOMoTuKOB [ 100]. [Togpo6HOe 13ydeHrne MexaH3MOB
TaKoil B3aMMOCBSI3U MOXKET OBITh U3yYEHO B MOJICJIM 3€0paaH1O, KOTOpast UCITOJIb3yeTCsI
IUIST M3yYeHUsT GYHKIIMOHUPOBAHUS OCcH “MUKpoomroTa—mo3r” [101].

HecmoTpst Ha psim mperMyIecTB 3e0pagaHMo KaK 3KCIIEpUMEHTAILHON MOIeu, B
MOJIEJIMPOBAHUU TayNaTUi y pbl0 MMEIOTCS TAKXKE M OTPAaHUYEHUS, OCHOBHBIM U3 KOTO-
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PBIX SIBJISIETCSI TOPA3/I0 MEHbIIIee KOJIMYECTBO pa3pabOTaHHBIX MOJEJICH MO CPABHEHMIO C
rpeI3yHaMu. B 4acTHOCTH, OTCYTCTBYIOT Ha 3e0pamaHuo (apMaKoJIOTMYECKUE MOJEIN
MEPBUYHBIX TAyIaTUii, pa3paboTKa KOTOPBIX ITPEACTABISIETCS TIePCIIeKTUBHOM, TTOCKOIb-
Ky CYLIECTBYIOIIME T€HETUYECKNE MOJIEJIU B HACTOsIIIee BpeMsi He TO3BOJISIIOT U3y4yaThb
HauOoJIee CIIOXKHYIO (C TOYKM Tepanuy 1 AMarHOCTUKM) CIIOpaandecKyto ¢oopMy 1aHHOTO
3ab0oneBaHusi. C I1pyroi CTOpoHbl, pa3BUTHE UMEHHO FeHETUYECKUX MOJIeJIeil TT03BOJISIET
M3y4aTh U MOAOHMpPaTh HOBYIO MEePCIEKTUBHYIO (DOPMY KOPPEKIIMU 3a00JIeBaHUSI — T'eH-
HyI0 Tepanuio. Tak, HalIpuMep, ¢ MOMOIIbIO TEHHON Tepanmuu BO3MOXHO MHTMOMpPOBa-
HUE TpaHCMeMOpaHHBIX (paromuTapHEIX pelerrropoB CD33, KoTophle y4acTBYIOT B M-
MYHHOM OTBETe, 9KCIIPECCUPYIOTCS MUKPOIIIMEH 1 SIBIISTIOTCSI reHamu pucka BA [102].

JpyruM BeCOMBIM OrpaHUYeHNEeM KaK MOJICJIU SIBJISIETCS YIIOMSIHyTasl paHee 6oJiee aK-
TUBHAas (UeM y MJIEKOMUTAIOIINX) HelipopereHepalus 3e6pagaHo, KoTopasl B IPUHIIUIIC
cnocoOHa nmoMelaTh OlleHKe ASWCTBUSI TeparneBTUYECKOTo areHTa Mpu HelipoaereHepa-
. Hanpumep, y 3e0pagaHno ropasmo jierye mpoucXoAuT KOMIIEHC AL HapylIeHUi
LIHC nipu HelipoTpaBMax U UMeeTCs Topa3fao 0oJbliie HUIII B3pOCJIOTo HeliporeHesa, uemM
y yesioBeKa uiau rpeidyHoB [103]. IToaTomy Ha 3eO6pagaHuO MOXKET OBITh CIOXKHO CMOIe-
JIMPOBATh TMHAMMKY MPOTEKAHMSI TaylaTUU YEJIOBEKa, a TaKXKe OLIEHUTb CUJIY TeparieB-
TU4ecKoro 3¢ deKTa, MOCKOJIbKY BHICOKHMIT ypOBEHb HelipopereHepaluy MOXeT CKOMITEHCH -
pOBaTh TaymaTHIO JIMOO 3aMacKUPOBATh IMOTEHIIMAIBHBIN TepareBThIecKuii 3¢hdekT rpera-
pata. CyliecTByeT TakxKe MHOTHE IPYyThe OTKPBIThIE BOITPOCHI MOJAETUPOBAHUS TayaTUi
Ha 3e0pamaHuo (Taba. 2), OTBETH HAa KOTOPBIE ITO3BOJISIT O0Jiee MACIITA0OHO ITOHSTD JaH-
HbIi TN natoreHe3a LIHC.

SAKJIIOYEHUE

B Hacros1iee BpeMs CyliecTByeT IMMPOKUIA CIIEKTP MOJIeJIel TayaTuii Ha TPhI3yHaX U
3e0palaHuo, BaXKHBIMU MPEUMYILIECTBAMU MOJEIUPOBAHUS Ha KOTOPBIX SIBJISIIOTCS CKO-
POCTb aHaM3a MOBEAEHUS, BO3MOXHOCTb 3(P()EeKTUBHOTO CKPUHUHTA TEPANIEBTUYECKUX
areHTOB M TeHETUYECKUX MYTaIl1ii, a TAKXe OlIeHKa HelipopereHepaluuy Ipyu Helipoaere-
HEPAaTUBHOM COCTOSIHUM W BU3yalu3alusl AMHAMUKU TnartoreHesa. CyllecTBYIOIINE MO-
NeJIM TaynaTuil Ha pbi0ax yXe J0Ka3aJii CBOIO MPaKTUUECKYI0 3HAYMMOCTb, TTOCKOJIbKY
Ha HUX MMOKa3aH psJl HOBbIX OCOOEHHOCTEH MaToreHe3a, B TOM YUC/ie MUTOXOHAPUATb-
HOW TUC(YHKIIMU U POJIM MUKPOIJIMHU, a TAaKXKe MOKa3aH TeparneBTudyeckuit apdexr He-
KOTOPbIX COENMHEHUI.

Tem He MeHee ocTaeTcsl psil OTKPBITBIX BOIIPOCOB (Tabi1. 2) ¥ BHI3OBOB IJIsI OYyIYIINX
WCClIeIOBaHUI B JAHHOW 00JIaCTU, K KOTOPbIM MOXHO OTHECTH co3laHue (papMakoIoru-
YecKUX U (hapMaKOreHeTMYEeCKMX MOJeJielt TaynaTuii Ha 3e0paiaHro, B IIEPBYIO OUepenb —
MEepBUYHBIX Taynatuii. Eille omHUM BBI3OBOM SIBJISIETCSI TIOUCK PAHHUX, JOCUMIITOMHBIX
naTo(U3NOJOTMYECKUX MAPKEPOB, MO3BOJISIIOIINX JUaTHOCTUPOBATH 00J1€3Hb HA PAHHUX
cranusx. PemieHue 3Tux rpobiieM B pe3ysibTaTe OyaylIMX CUCTEMHBIX MCCIIeIOBaHUI Ha
TPBI3yHaX U 3¢0palaHMO TTO3BOJIUT MPOABUHYTHCS B TOHMMaHWM MAaTOTeHe3a TayrmaTuii u
TIOMCKEe TepareBTUUECKUX areHTOB.
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Taupathies are a group of neurodegenerative diseases characterized by the accumulation
of tau-protein in the brain, causing clinical dementia. Tau protein stabilizes microtu-
bules and regulates axonal transport, however, when hyper-phosphorylated, aggregates
in the brain. Taupaties can be divided into primary and secondary (e.g., Alzheimer’s dis-
ease). Experimental animal models models are an important tool to study taupathies.
Here, we discuss molecular mechanisms of taupathies and their existing experimental
models in both rodents and novel alternative organisms, zebrafish (Darnio rerio), as well
as future novel directions of research in this field.

Keywords: zebrafish, taupathies, animal model, neurodegeneration, tau protein
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