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Bose3np Anblireiimepa sIBiasieTCsl HauboJjiee PacpPOCTPAHEHHBIM TUIIOM AEMEHIIUU,
CBSI3aHHBIM CO CHIDKEHUEM KOTHUTHMBHBIX CITOCOOHOCTEI, TaKUX KaK MaMsIThb U 3pH-
TeJIbHO-TIPOCTPAHCTBEHHBIE HaBbIKU. HemocTaTrouHo a(hdekTruBHBIE METOMBI JICUeHUS
MOOYIMIN K CO30AHUIO SKCIIEPUMEHTAIbHBIX MOJE/Ieil Ha XKUBOTHBIX, CHOCOOHBIX BOC-
MPOM3BECTU TAaTOJIOTHIO O0JIE3HU AJIbIreiiMepa, OCOOEHHO Ha MpeICUMIITOMATHYe-
CKOIl cTamuu, ¢ LeJIbIo pa3paboTKM U M3YYeHUs] TTPEBEHTUBHBIX U TepareBTUYECKUX
crpareruii. Ha cerogHsIHMiA JeHb HU OAHA U3 pa3pabOTaHHBIX MOIEJICH Ha XXUBOT-
HBIX TTOJIHOCTBIO HE OTpaXkaeT BEeCh CIIEKTP HEMPOITaTOJOTMYECKUX M KOTHUTUBHBIX
HapylIeHnii, HaOJIIoIaeMbIX MIPU Pa3BUTUM OOJIe3HU AJblireiiMepa y desioBeka. Tem
He MeHee, KaX/Iasl CoO3IaHHast MOAE/Ib MO3BOJISIET B TOM WJIM MHOM CTENEHU U3YUYUTh
pa3IMYHble acHeKTHhl ITaToreHe3a 3aboJyieBaHUsI, obOecIieunBasi BaXKHOE MOHUMaHUE
KJIFOYEBBIX ITATOJIOTUYECKHUX U3MEHEHU, KOTOPBIE MOTYT IIPOUCXOIUTH TP €r0 pas-
BUTUU. B 3TOM 0030pe MbI IIpeacTaBiisieM 0000IIeHHbIE JaHHbIE O HEIPOITaTOJIOrnye-
CKMX MPU3HaKaX pa3BUTUs O0JIe3HU AJIbLIreiiMepa U UX B3aMMOCBSI3U C KOTHUTUBHBI-
MM HapyLIEHUsSIMU B paMKax TeX 9KCIePUMEHTAIbHBIX MOJE/Ie Ha XKUBOTHBIX, KOTO-
pble MCHOJB3YIOTCS B HacTosiiee BpeMs. Takke Mbl IIPUBOAMM B CPaBHUTEIHLHOM
acIieKTe OCOOCHHOCTHM Pa3BUTUSL HelipoaereHepanyy ajlblreiiMepoBCKOrO THIa Ha
npumepe 2 MoJeieil — TeHeTUIECKON Y MHBEKLIMOHHOM, YTO 1acT BO3MOXHOCTh OIpe-
JIeJINTh ONTUMAJIbHBIN ITOAXOA IIPX BBIOOPE MOMEIM IS Pealu3alii MCCIIeA0BaTEIb-
CKMX 3a1ay.

Knrouegwvie cnosa: 60j1e3HD AHBHFSP'IMCpa, TCHETUYCCKadad MOAC/Ib, NHBCKIIMOHHaA MO-
J€J1b, KOTHUTUBHBIC (I)yHKLll/ll/l
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3a TmocaemHue HeCKOIbKO JAeCATUIETUN 3HAHUST YISHBIX O KJIETOYHO-MOJIEKYIIPHBIX
MexXaHM3MaX, JeXallluX B OCHOBe MaToreHe3a 60Je3HU AJblreiiMepa, B 3HAYUTETbHOM
Mepe pacimmpuiarch. OMHAKO HECMOTPSI Ha JTOBOJIBHO BHYIIIUTEIBHOE KOJUUYECTBO pa3-
HOTUTAHOBBIX JOKIMHUYECKUX M KIMHWYECKUX MCCIIeNoBaHUil, 6oJie3Hb AJblreiiMepa
MO-TIPEXHEMY SIBJISIETCS BeAyllleil MPUUMHON JeMEHIIMM Y B3POCIbIX, U B HACTOSIIIEe
BpeMsI He CyllecTBYeT 3(p(peKTUBHBIX U 6€30MaCHBIX METOIOB JICUCHUSI TaHHOTO 3ab0Je-
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BaHUS. DTO MOXET OBITh CBSI3aHO C HAJIMYMEM CHeUU(PUUECKUX MATOJIOTUUYECKUX OCO-
OE€HHOCTEl, KOTOphIEe BKIIIOUAIOT B c€0s1 OOIIMPHYIO JIOKAJM3alUI0 BHEKIETOYHbBIX aMU-
JIOUIHBIX OJISIIIEK ¥ BHYTPUKIIETOUHBIX HEHPpODUOPMIITSIPHBIX KIIYyOKOB, YTO O0yCIaB/In-
BaeT MOCJEAYIOIIYIO TTOTEPIO HEMPOHOB U cMHAICOB. CTOJIb KpUTUUECKUI HEMpoaddeKT
HaYMHAET MPOSIBJISITHCS 32 HECKOJIBKO JIET O MOSIBJIEHUS TTePBbIX KIMHUYECKUX CUMIITO-
MOB — TTOTEPU MMaMSITHU, a TIOBPEXIEHNE HOCUT yXXe HeoOpaTUMBIi1 XapaKTep Ha 3Tarie mo-
CTAaHOBKHM KJIMHUYECKOro auarHo3sa. /s pa3dpadboTku 3(HEeKTUBHBIX METOIOB JICUSHUS
HeobxoauMmo OoJiee MoApoOHOE U ITyOOKOoe MCClieNoBaHUE KIIOYEBBIX MEXaHU3MOB,
KOTOPBIE JIEXKAT B OCHOBE KaK MICUXUYECKUX, TAK U KOTHUTUBHBIX HapyILLIEeHU, C prUMe-
HEHUEM COBPEMEHHBIX 3KCIIEpPMMEHTATbHBIX MoJieJieit 601e3HN AJblIreiiMepa Ha XKUBOT-
HBIX, KOTOpBIE MO3BOJISIIOT 0O0Jiee YEeTKO OTpasvuTh MaTOreHe3 3a00jieBaHUs, a TaKxke
U3YyYUTh BO3MOXHOE BJIMSTHUE HACIEeACTBEHHBIX (hakTopoB. Hanbomnee yacto ncrnoab3ye-
MBIMU 3KCMEPUMEHTATBHBIMU MOJEISIMUA Ha XXMBOTHBIX SIBJSIIOTCS TPAHCTE€HHbBIE MBIIIIH,
Y KOTOPBIX CBEPX3KCIIPECCUPYIOTCS TEHBI YEeJIOBEKA, CBSI3aHHbIE C PAa3BUTUEM CEMEMHOM
¢dopmbl 6osie3HN AJblreiiMepa (HacjaenCcTBeHHasl, C paHHUM HavaJoM), YTO MMPUBOIMUT K
00pa30oBaHUIO aMUWJIOMIHBIX OJISIIIIEK KaK KIIOUYEeBOTO HEMPOITaToJIOTMYeCKOTO TpU3HaKa
3a00yieBaHUSI.

OnHako MMEMIIMECS B HACTOsIee BpeMs SKCIIEpUMEHTAbHbIE MOIEIN XKUBOTHBIX
HE JIMIIIEHbl HeIOCTaTKOB, U HU OHA U3 CYIIECTBYIOIIMX MOJeJieil He BOCIIPOU3BOIUT
BCE acMeKThl naTroreHe3a 3abosieBaHusi. Kpome Toro, HEOGXOAMMO YYUTHIBATh, B KaKOM
CTENEHU yCMElIHbIE PE3YIbTaThl, MOJYYEHHbIE Ha XKMBOTHBIX MOJIEJISIX, MOTYT OBbITh MPU-
MEHEHBI B KITMHUYECKUX UCTIBITAHUSIX.

Takum ob6pa3oM, BaXXHO UMETh YETKOE MPENCTaBIeHUEe O KOHKPETHBIX HeiponaToio-
TMYECKUX OCOOEHHOCTSIX, MPUCYIIUX KaXI0W XXKUBOTHOM MOJEINU, OCOOEHHO B OTHOLIE-
HUM TOTO, HACKOJBKO TECHO 3TO KOPPEIUPYET C MAaTOTeHETUYECKUMU OCOOEHHOCTSIMU
pa3BUTUS HeMpoaereHepaluy ajablireiiMepoBCKOTO TUTIA y YeJIoBeKa C 1IeJIblo 6ojiee Tou-
HOI1 MHTEPIIPETAIIMU MOJIyUeHHbBIX PEe3yIbTaTOB, a TAKXKE WX MOCJIEAYIOIIeil TPaHCISLIUU B
KOHTEKCTe KJIMHMYECKUX uccieaoBaHuii. Kpome Toro, jydiiee mOHMMaHWE CUJIBHBIX U
CJ1a0BIX CTOPOH KaXkIO# 13 XKMBOTHBIX MOJIeJIeil M MCIIOIb30BaHKe OoJiee YeM OMHOI Moe-
J1 (HampuMep, MofiesTb C MHTParuImoKaMIaIbHbIM BBeeHreM Oeta-amutonaa AB1-42) B
paMKax KOHKPETHOTO MCCJIeOBaHUs, TaCT BO3MOXHOCTb PacCIIMPUTh HAIllM 3HAHUS O
byHIaMeHTAIBHBIX MEXaHU3MaX, JIeXKalllX B OCHOBE MaToreHe3a 3a00JIeBaHusl.

B aTOM 0030pe MBI KpaTKo 0600I11aeM TaHHbIE O HEHPOIIATOIOTMUECKUX MPU3HAKAX
pa3BuUTUs 3a00JIeBaHMS B paMKax 3KCTIIEpUMEHTabHBIX Mojesieii 0oe3HU Ablireiimepa,
KOTOPBIE UCIOJIB3YIOTCS B HACTOSIIIIEE BPEMSI, yIEsisi 0c000€e BHUMaHUE UX B3aUMOCBSI3U
C KOTHUTUBHBIMU HapyLIEHUSIMU, a TaKXKe TIPeACTaBIsieM OCOOEHHOCTU Pa3BUTHS Heii-
poliereHepaluu ajablreiiMepoBCKOTO TUMA B 2 MOAEISIX — FTEHETUYECKON U UHBbEKIIMOH-
HOIi — B CPaBHUTEJIBHOM acIIeKTe C 1IeJIbI0 OMpeAeIeHUs] ONTUMAIBLHOTO TToaXoAa Mpu
BbIOOpE Mozaenu(eit) mist peaaTu3aly UCCIeN0BaTEeIbCKUX 3a1ay.

TPAHCTEHHBIE MOJIEJIU BOJIE3HU AJILLITEUMEPA

C MOMEHTa OTKPBITUSI TEHOB, OMNPENeISIOIINX Pa3BUTUe 00e3HU AnblreiiMepa, ObuT
CO3IaH psIJ Mojesieil TpaHCTeHHBIX JKUBOTHBIX MyTEM BBEIEHUSI MYTAaHTHBIX T€HOB B Cy-
IIECTBYIOIIYIO TEHETUUECKYIO CTPYKTYPY WJIM MOAU(UKALIUN MPEACTABIISIONINX MHTEPEC
FEHOB C UCIOJIb30BAHUEM TEXHOJIOTMU HAalleJIMBAaHUs Ha OIpeaesIeHHbIE T€HbI, YTOObI
CMOIEIMpPOBaTh HEKOTOPBIE OCOOEHHOCTH 00JIe3HM AJbliTeiiMepa JyenoBeka [1].

IpBI3yHBI SBISIOTCS HaubOJIee IIMPOKO UCIIONb3YEeMBIMU XMBOTHBIMM [IJIsI BCECTO-
POHHETO U3yueHUs1 60Ie3HU AJIbLIreiiMepa 3a CYeT CXOICTBA UX TEHOMA C TEeHOMOM YeJio-
BeKa, KOPOTKOTO KM3HEHHOTIO IIUKJA U CYILIECTBYIOIIUX HA CETOMHSIIHUN MOMEHT MH-
CTPYMEHTOB JJIsI UHAYKLIMK MyTaluii. BaXKHBIM TpenMyIlIeCTBOM MOJEIMpOBaHuUs 60-
JIe3HU AJblLreiiMepa Ha >KMBOTHBIX SIBJISIETCS BO3MOXKHOCTb BapbHpPOBaHUSI MyTallveil
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T€HOB — OT TOYEYHOI MyTallMU TSI U3YYEHUST KOHKPETHBIX MTaTOJOrMYeCKMUX OCOOEHHO-
CcTeil 10 KOMOMHMPOBAHHBIX MYyTallMii C 1LIeJIbIO CO3MaHUsI MOIEIU, Haubosiee TpuoIn-
JKeHHOI1 K ITaTOJIOTMU Yy YejoBeka [2, 3].

st uccnenoBaHus NMaToreHe3a HelpolereHepalu ajlbLIreiiMepoBCKOTO TUIA U BbI-
SIBJICHUSI KOTHUTUBHBIX HApYIIIEHUI Ha BCEX 3TallaxX pa3BUTHSI 3a00ieBaHusI, ObLIN pa3-
paboTaHbl pa3IMYHbBIC MOJICJIN HA XKUBOTHBIX (B YACTHOCTU IPhI3yHAX).

Tak, OTKpbITHE MyTalluil TeHa Genka-nipeniiectBeHHuKa AB1-42 (APP), npeceHmu-
Ha 1 (PSEN1) u npecenununa 2 (PSEN2), oOycnaBiuBaoIIUX pa3BUTUE CEMEWHOM
¢dopmbl 6osie3Hu Asnblreiimepa [4, 5], 1ano UCKITIOUYUTEIBHYIO BO3MOXHOCTD JJISI CO3/1a-
HUYS 3HAYUTEJIbHOTO KOJWYeCTBa Mojeseill ¢ 6eTa-aMUIOUIHON TaTOoJIOTMe Ha TpaHC-
TEeHHBIX MBIIIAX, YTO CAEJIA0 UX IEHHBIM MHCTPYMEHTOM Kak ISl U3y4eHUs TTaToreHe3a
3a00JieBaHUs, TaK U MOUCKA crielnpUIeCcKUX OMOMapKEPOB U1 paHHE AMarHOCTUKU
pa3BuTus 3a6oneBanus [6, 7]. IIpeacraBisieT MHTEPEC TO, YTO MyTallMU Tay-0ejiKa Kak
BTOPOTO KJIIOUEBOTO (paKTOpa pasBUTHSI AereHepallud ObLIM UCITOJb30BaHbI B Ka4eCTBE
TpUTITEpa ISl pa3BUTHUS TayraTuu y rpbi3yHOB [8]. HecmoTpst Ha monyyeHHble Adams u
COAaBT. 10KAa3aTeJbCTBA TOTO, UTO MOBBIIIEHHAST 9KCIIPECCUST Tay-0eKa y TPhI3yHOB CIO-
CcOoOCTByeT aKTUBaILIMK runepdochopuinpoBaHus Tay-0e1Ka B 3aBUCUMOCTH OT BOo3pacTa
[9], npu co3maHUM reHeTUYEeCKUX MOJEJIeil TPeanoUYTUTEIbHO UCTIOIb30BaHUE YeIOoBe-
YeCKMX FeHEeTUYECKUX KOHCTPYKIMii. [1pu a3TOM codyeTaHue MyTaliii HECKOJIbKUX F€HOB
Mpu pa3paboTKe TPAHCTEHHOM MOAEIY AaeT BO3MOXHOCTh CO3IaHUSI MOJIECIN C YCKOPEH-
HBIM pa3BuTHeM Oo0sie3HU Agbireitmepa [10].

B HauboblIei cTerneHn MCnoab3yeMblii CIOCO0 CO3MaHUsI TEHETUUECKUX MojieIeit MbI-
IIIeH ¢ MaTOJIOTUSIMU aJIbIIN€TMEPOBCKOTO TUIIA OCHOBAH Ha TUIEPAKCIIPECCUU YesIoBeUe-
ckoro APP, TeM caMbIM BOCIIpOM3BO/ISI pa3BUTHE ceMeitHOM hopMbl 6osie3HU (Taba. 1).

Ha ceromHsiiiHuii 1eHb B pa3jIMYHBIX 3KCIEPUMEHTATbHBIX UCCICIOBAHUSIX HAXOMSAT
IIMPOKOE MCITOJIb30BaHME OKOJIO 50 reHeTUYeCKUX MBIIIUHBIX MoJeJieil, 3HauuTeIbHast
YacTb KOTOPBIX XapaKTepu3yeTcsl TUIepakcrpeccueit APP dejioBeyeckoro nuKoro THMIa,
SIBJISIIOIIETOCSI POACTBEHHBIM 0Ky ceMeiiHOU (hOpMBbI HeliponereHepaluu ajablireime-
poBckoro tura [34].

LleHHBIM TPEUMYIIECTBOM NTaHHOW TeHETUYECKOW MOJENH SIBJISIETCSl aKTUBHOE 1iepe-
OpanbHoe omtoxeHne AB1-42 u Hamnure crienMbUIECKUX CUMIITOMOB 3a60JIeBaHUS.
Hanpumep, y nonasisioiiero 60JbIIMHCTBA TEHETUUECKUX MOJiesieli Mblllieid, KOTOpbIe
9KCIPECCUPYIOT MyTaHTHBIN yenoBedeckuit Turnt APP, HaGmomaeTcst Bo3pacT-3aBUCUMOE
BBIPaXKEHHOE Pa3BUTHE KOTHUTUBHOM AUCOYHKIIMY, aHAJIOTMYHOE MallueHTaM ¢ 60Jie3-
Hblo AnblreiiMepa [35]. B nononHeHMe K 3TOMY, OTMeUaeTcsl HaJTuuue TUCTPOGUIECKUX
OTPOCTKOB HEHPOHOB, aKTMBALIM MUKPOIJIUM, PEAKTUBHOIO acTPOIINO3a U Pa3BUTHUS
HEWpOBOCTIAJIEHUS, & TAKXE CUHANTUYECKON MUCGHYHKIIMU U NECTPYKTUBHBIX U3MEHE-
HUN MEXKJIETOUYHON KOoMMyHUKauuu [36]. TIpy1 3TOM TOJIBKO Y HE3HAYUTEILHOM YacTh
TpaHCT€HHBIX XKMBOTHBIX BBISIBJIEHO O0Opa3oBaHUE HEUPOGUOPUIUISIPHBIX KIIyOKOB, TEM
CcaMBbIM J1aBasi BO3MOXXHOCTh BBIIBUHYTb TMIIOTE3Y, COIJIACHO KOTOPOIi TMIEP3IKCIPECCUM
APP y Mbl1Ieit HegocTaToyHO 1151 00Jiee MOJHOTO U TOYHOIO BOCCO3AaHUSI MOJEKYJISIp-
HOTO matoreHes3a 601e3H1 AJbIreiiMepa, Kak y yejoBeka [37].

BaxkHO MOAYEpKHYTH €llle U TO, YTO aKTUBHOE OTJIOXeHHe Ousiiiek APB1-42 y maHHbBIX
TPaHCTEHHBIX MbIIIIEi B OOJbIIEH CTENIEHN HAXOMUTCS B 3aBUCUMOCTHU HE TOJIBKO OT 9KC-
MPECCHUM OHOTO WJIM JAPYTroro TpaHCTeHa, HO U OT liepeOpaibHOTO 00pa3oBaHUsl Orpee-
JIEHHBIX BapraHToB APB1-42. BesencTsue 3TOTO MOSIBASIETCS HEOOXOMUMOCTD UCTIONB30Ba-
HUST MHOM CTpaTervu, KOTopasi HalleieHa Ha IMOBBIIIeHNe HakKoruleHus1 Gisiiiiek AB1-42,
KOTOpPOE 3aKJII04YaeTcs B OObeAMHEHUHU Psifa MyTallvii, 0OyclIaBIMBaIOLIMX Pa3BUTHE Ce-
MelHOI ¢hopMbl Oosie3Hn Anblreiimepa [38].

Kpome myranuii APP, psin skcriepuMeHTaJIbHBIX UCCASI0OBAHUN CBUIECTEILCTBYIOT O
ToM, yTo MyTauuu PSEN, 13 KOTOpbIX HAa TaHHBIX MOMEHT OMNpPeeIeHO OKOJIO IBYX CO-
TeH, HECOMHEHHO BHOCST CYIIECTBEHHBIN BKJIaJ B pa3BUTHE CEMEHOI (DOPMBI XpOHU-
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Ta6muua 1. TpaHCreHHbIE MBIIIMHBIE MOEIM aMIIOUIHOM IaTojIoruu 6ose3Hu AnblreiiMmepa

Mozesb [pyrue Hapyienue
TpaHcreH AMuIonno3 MaToJOTUYECKUE |MOBEACHUS B ITOBEICHYE-
SKMBOTHBIX
XapaKTepUCTUKU CKHUX TecTax
Tg2576 Yenoseueckuii | bstiku AR1-42 B | CuHantyeckast auc-| HapyieHue noBeieHusiB
APP695 (Tun Bospacte 10—12mec, | hyHKIMS B Bo3pacTe | Tectax “Pacro3HaBanue
MyTalu — obpaszoBaHueoMro-| 15—18 mec. HOBBIX 0OBbEKTOB” B BO3-
IIBEICKUIA) MepoB AB1-42 pacrte 12—15 mec., “Bon-
HOM J1abupuHTe Moppu-
ca” B Bo3pacre 6 Mec. 1
“Y-nabupuHTe” B BO3-
pacte 10 mec. [11—13]
TgAPP23 | YenoBeueckmii | Bistiiku AB1-42 B | [ToBbitiieHHBIA ypo- | HapyiieHue moseneHvist
APP751 (Tun my-| Bo3pacte 6 Mec. BeHb runepdocdo- | npu pacno3HaBaHUU HO-
TaIuy — IIBeI- PUIMPOBAHHOIO Tay- | BIX OObEKTOB B BO3pacTe
CKMiA) Oeska B Bo3pacrte 3—4 mec., B Tecte “Bon-
6 Mec., OTJIOXKeHUE | HbIi TaGUpuHT Moppu-
HelipouopuUIsip- | ca” B Bo3pacte 3 Mec.
HBIX KITyOKOB BOKDYT | [14—16]
onsiek AB1-42 B
Bo3pacrte 12 mec., o-
Tepsi HelipoHOB B CA 1
obJlacTUrMInIIoKamMna
B BO3pacTte
14—18 mec.
PDAPP Yenoseueckuit | brsiiukn AB1-42 8 | CuHanTryeckast HapyiieHue rmoBeaeHust
APP (tum myTa- | Bo3pacte 6—9 Mec. | muchyHKIIUS TIpY pacIio3HaBaHUU HO-
1 — MHnuaHa) BbIX OOBEKTOB B BO3pacTe
6 Mec., B Tecte “BonHbIit
J1abupuHT Moppuca” B
Bo3pacTe 3 Mec. [17, 18]
J20 Yenoseueckuit | Auddysnsie omio- | Docdoneitpoduna- | Hapymenue noseneHus
APP (vt myta- | xerust AB1-42 B MEHTBI IpU pacIio3HaBaHUU HO-
MM — IIIBEICKUI | BO3pacTe 5—6 Mec. 1k BBIX OOBEKTOB B BO3pacTe
u mtat MHaua- | 6osee KpyITHbIE 4 Mmec., B Tecte “BomHbIit
Ha) HEHPUTHBIC OJISALIKYA JlabupuHT Moppuca” B
APB1-42 B Bo3pacre Bo3pacte 6—9 mec.
9 mec. [19-22]
TgCRNDS | Yenoseueckuii | Brsiiuku AB1-42 8 | ActpoumTapHbiiiii-| HapyiieHue nmoBeneHust
APP695 (Tun BO3pacTte 3 mec., 03 1 aKTUBaIYsI MUK-| TIPU paclio3HaBaHUU HO-
MyTaluyd — TUIOTHBIE siipa OJIsI- | pOIVIMU B 00JIACTSIX | BBIX OOBEKTOB B BO3pacTe
tBenckuit 1 UH-| mek AB1-42 B Bo3- | TOJIOBHOTO MO3Ta Bo- | 3—5 Mec., B Tecte “Bon-
MaHa) pacte 5 Mec., (op- | Kpyr OJIsIIIIeK HbII TJaOUpUHT Moppu-
MUPYIOTCSI B MO3- ca” B Bo3pacte 3 Mec.
JKEeUYKe U CTBOJIC [23—-25]
mosra K 8—9 mec.
5SXFAD YenoBeueckuii | HelipoHanbHOe Ha- | 3HaunTebHas Heil- | HapyleHue moBeneHUsIB
(Tg6799) APP (Tum myTa- | KorieHue ponereHepanusi, i Y-nabupuHTe B Bo3pacTe

1AM — IIIBeJI-
ckuit, @nopuna,
JloHOoH); yeso-
BEUECKUIA
PSENI1 (M146L,
L286V)

APB1-42 B Bo3pacre
1.5 Mmec., oTyIOXeH1Ee
orstiek AB1-42,
IIMO3 B BO3pacTe

2 mec.

noTepsi HEMPOHOB

4—5 mec., B Tecte “Bom-
HbII 1abupuHT Moppu-
ca” B Bo3pacre 4 Mec.,
CHMXXEHHME MHTEPECaK Co-
LHaJIbHOMY B3auMOMACH-
CTBUIO B BO3pacTte

3—12 mec. [26—28]
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Taoauna 1. OKkoHuaHue

M Jpyrue Hapyuienue
OICIb T AMMWIONI03 MaToJIOTUYECKUE |MOBEICHUs B TOBEICHYE-
JKMBOTHBIX paHcrex e a a
XapaKTepUCTUKU CKHUX TeCTax
APP23 x Yesnoseueckuii | bstiku AB1-42 B | ActpouinTos HapymieHue noseieH1s B
PS1-R2781 | APP23 ( T my- | Bo3pacre 6 Mec. Y-1abupuHTe B BO3pacTe
Taly — IIBE- 3—4mec.; OTCYyTCTBHE
ckuii K65IN, 3HAYMMBbIX HApYIIEHU B
M652L); Tecte “BomHblii 1a6u-
YeJIOBeYeCKUIA puHT Moppuca” [29]
PSEN1 (R278I)
TREM2- |YenoBeueckuii | O6pasyercs MmeHb- | [ToBblieHHOE pa3- | OTCyTCTBHE KOTHUTUB-
BAC x APP (Tun myTa- | 111e KOPTUKJIBHBIX | BETBIIEHUE OTPOCT- | HBIX HAPYILLIEHUI B KOH-
5XFAD LMY — IIBEI- OJISIIIIEK B BO3pACTe | KOB U KCHPECCHUST TeKCTHOM TecTe “Fear
ckuit, @nopuna, | 7 Mec. 1o cpaBHe- | harolTapHbIX Map- | conditioning” Ha OLEHKY
Jlonmon); HUIO C JIMHUEH KEepOB B MUKPOIJIMH, | SMOIIMOHAIBHOTO 00yue-
yenoseveckuit | SXFAD accoMUpOBaHHOIM ¢ | HUst v mamsity [30)]
PSENI1 (M146L, aMWIOUIHBIMU
1.286V) OJISIIIKAMU; CHUKE-
HUE TUCTpoduue-
CKHX UBMEHEHU I
HEeWpUTOB
3xXTg-AD | Yenoseueckuii | brsiku AB1-42 CuHarntnyeckas nuc-| HapymeHve noseneHusi B
APP (tun myta- | B Bo3pacrte 6 Mec. (YHKLIMS 1 TIOBBI- Tecte “BomHblii 1a01-
UK — IIBEI - LIEeHHas akTUBauusl | puHT Moppuca” v aMo-
CKHI1); yeaoBe- MMKPOIJIUU B BO3- LIMOHAJTLHOM MaMSITU B
yeckuii PSEN1 pacte 6 Mec; necTpyk-| Tecte “Fear conditioning”
(M146V); us Tay-0ejka B Bo3- | [31—33]
YeJI0BEUYECKU pacre 12315 mec.
tay (P301L)

YecKol HelipoaereHepaluy ajblreiiMmepoBckoro tura [39]. Tak, ycTaHOBJIEHO, YTO My-
tauun PSEN cItocoOCTBYIOT pa3BUTHUIO IeCTPYKTUBHBIX U3MeHeHM mpoTeonu3a APP ¢
YYaCTUEM Y-CEKPETa3bl, TEM CaMbIM IPOBOLMPYs 0Opa30BaHMsl OOJBLIETO KOJIWYECTBa
aMWIONIOTeHHbIX TenTuaoB AB1-42. TpuMevatebHO, YTO Y TEHETHYECKONW MBIIIIMHOMN
monenu ¢ mytauueid PSEN1 unu PSEN2 Ha ¢oHe sipko BbIpakeHHOIH KOTHUTWUBHOM
IUCHYHKIMIA ¥ HapylIeHWs TIOBeIeHUs He OGHapyKeHOo arperaiuu oysiek AB1-42 B
TOJJOBHOM MO3Te. DTO MOXKET OBITh CBI3AHO ¢ OTIIMINEM B cTpoeHUM AP 1-42 y rpeI3yHOB
n yesioBeka [40]. OmHAKO y HECKOJBKUX MBIIIMHBIX Moaeieit ¢ myramueir PSEN1 6puta
BBISIBJIEHA BO3pAcTHasl XpOHUUYECKasi HelipoJereHepalus, a Takke 3aMeTHast TUchyHK-
LIMSI CUHATCOB B runmnokame [41, 42].

Taxke BaxkHO 0003HAYMUTh, YTO TaK IIMPOKO MCHOIb3yeMbIe I UCCACIOBAHMUS aMM-
JIOUIHOM MaTOJOIUM U OLEHKU 3(PhEKTUBHOCTH JIEUSHUSI ABOMHbBIE TPAHCTEHHBIE MOJIEe-
JIM Ha MBIIIax ObUIM pa3paboTaHbl ¢ MToMolIbio ckpeiuBanus PSEN yemoBeka u TpaHc-
reHHbIX TUHU APP. LleHHbIM KaueCTBOM JaHHOM MOMAE/IU SIBJSIETCS HAJIMUYME BHICOKOTO
ypoBHs AB1-42 1 MHTEHCHBHOE 0Opa30BaHUE AMIIOMIHBIX OJISIIEK YXKe Ha paHHeH cTa-
IINH pa3BUTHs 3a06ojeBaHms [43].

JpyruM BaxkHBIM MPUMEPOM JBOMHOMN TpaHCTeHHO# Monenu Ha mbiiiax APP/PSENI1
aBisitorcss Mbiy TuHUKM 5SXFAD (Tg6799), KOoTOpble KO3KCIPECCUPYIOT MATh TeHHBIX
myTtauuii — tpu Mmytauuu APP u nBe myrauuu PSEN1 (APP K670N/M671L (Swedish)
1716V + (Florida) + V7171 (London) and PS1 M146L + L286V), cBI3aHHBIX C paHHUM
HavyajioM ceMeitHoOU popmbl Gosie3Hu Aublireiimepa [27]. Takast KoMOMHALIMS MyTaluii
naet auHuM SXFAD cyiiecTBeHHbIE TTperMYyIeCTBa MO CPAaBHEHUIO C APYTUMU MBI -
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HBIMU MOJENISIMU, TaKUMM Kak Tg2576, TgAPP23, PDAPP, 3xTg-AD u T.4., a UMEHHO,
BO3MOXHOCTh MIPAKTUYECKU UCKITIOUUTETBHO 00pa3oBbiBaTh APB1-42 U sipko BBIpaskeH-
HOE aKTUBHOE liepebpasibHoe HakoruieHue AB1-42 [27].

HuTtepecHo u To, 9To y MbIei TuHun SXFAD Takoke BBISIBIICHBI IUCTPODUIECKIE U3~
MEHEHUs B MUEJIIMHU3AIMM aKCOHOB B psiie CTPYKTYP TOJOBHOTO Mo3ra (TMIIIOKaMIle,
SHTOpUHAaLHOM Kope). [Ipu aToM HakorieHue AP 1-42 B HelipoHax HabIOIaeTCs yKe B
Bo3pacte 1.5 Mec., a gajbHeiillee OTJOXKEeHNEe aMUJIOUIHBIX OJISIIIIEK U TJIM03 B HEOKOP-
TeKCe M TUITIoKaMIle (uKcupyercs B Bo3pacrte 2 mec. [44].

bonee Toro, y naHHOI JIMHUU MBIIIEN B Bo3pacte 3 Mec. ObLT BbISIBJIEH BbIpaXK€HHbIM
HepeOpaabHbIA IUCMETa00IM3M IJIIOKO3bl, OCOOEHHO B OOOHSTEIbHOM JYKOBHUIIE, a B
Bo3pacTe 4 MeC. CHUXKEHUE SKCMPECCUU CUMHANTO(MU3MHA, IPUYEM B OOJIBIIMHCTBE OTC-
JIOB TOJIOBHOTO MO3Ta, TEM CaMbIM IPUBO/S K TMOeIU HEPOHOB U TPOTPECCUPOBAHUIO
HeliponereHepaiuu [45].

NutepecHo, uto nuHusa 5XxFAD sBunachk ¢yHIaMeHTOM IS CO3MaHMsI TaKMX FeHe-
TUYECKUX Mofesei 6ose3Hu Anblireiimepa, kak auHust SXFAD/Tg30 u SXxFAD/PS19,
KOTOpbI€ HECYT B ce0€ JOBOJIbHO IIMPOKUIT HAOOp MyTallMii, CBSI3aHHBIX C TUIIEPIKC-
npeccueil MyTtaHTHoOTo Tay-6enka (APPK670N/M671L,1716V,V7171, PS1MI146L,
L286V, Tau(1N4R)P301S,G272V; APPK670N/M671L,1716V,V7171, PSIMI146L, 1286V,
MAPTP301S cooTBeTCTBEHHO) [46].

Hcnonb3oBaHKWe NaHHBIX 00Jiee CIOXHBIX TeHETUYECKUX MOIECi MO3BOJISET B 3HA-
YUTEJILHOMN Mepe TTOBBICUTh CTeTNIEHb MPOSIBIIEHUSI HeMpoaereHepaTUBHBIX U3MEHEHU, B
YaCTHOCTH, TTOTEPU MUPAMUAATBHBIX HEMPOHOB TMIITOKAMIIa B OTJIMYKE OT 6a30BOM MBI-
mHoi muHum SxFAD [46, 47].

[MpMHUMNIMAIBHO MOMYEPKHYTh, YTO UCITOJb30BaHUE T€HETUYECKUX MOJIeJIeil Ha MbI-
II1aX TMO3BOJISIET KaK MOJYYUTh BaXKHbIC W IIEHHBIC TaHHBIE O HOBBIX METOMAX Teparuu
[48, 49], Tak 1 HaeT BO3MOXHOCTb OoJiee TeTaTbHO MCCIIeNOBaTh HEPOITaTOIOTHYECKIe
1 KOTHUTUBHbBIC JECTPYKTUBHBIC M3MEHEHMUS, TIPUCYIIINE XpPOHUUECKOI HeliponereHepa-
LM aJiplireiiMepoBckoro Tuma [50].

OCOBEHHOCTHU PA3BUTHUA HEMPOAETEHEPALIMU Y KUBOTHBIX
C UHTPATUIIIIOKAMIIAJIbHBIM BBEJEHUEM AB1-42
N 2KNBOTHBIX CTEHETUYECKOM MOJAEJIBIO BOJE3HU AJIBLITEMMEPA
(JIMHUA 5xFAD (TG6799))

boiie3nb AnblreiiMepa KIMHUYECKU XapaKTepU3yeTCsl pa3BUTHEM KOTHUTUBHBIX Ha-
PYLIEHMIA, B YaCTHOCTU AUCHYHKIIMEN maMsaTH [51], a Tak:ke HeoOpaTUMBIM CHUXKEHUEM
KOJIMYECTBA XOJIMHEPTUICCKUX HeIIpOHOB B IepeIHEM MO3Te U MOTepell CUHAIICOB, IJIaB-
HBIM 00pa30M B THIIIIOKaMIIEe ¥ KOPe TOJIOBHOTO Mo3ra [52].

MHorouucieHHbIe uccienoBaHusl 600ae3HU AJblreiiMepa B OCHOBHOM COCPeaoTOYe-
HBI Ha TMITOTEe3€ aMIIOMIHOTO KacKaaa, KoTopas OCTYJIMPYET, YTO XapaKTepHOE ITOBpe-
KJIeHNEe HEMPOHOB IIPU IMMPOrpecCUPOBAHUN 3a00JIeBaHUs YACTUYHO OOBSICHSIETCSI N3Me-
HeHusiMU MeTabonmama AB1-42 [53]. UccremoBanms mokasanu, uto AB1-42 craHoBUTCS
TOKCHUYIHBIM 3a CYET 00pa30BaHMsI OJIMTOMEPOB, YTO B KOHEYHOM UTOTE IIPUBOIUT K OT-
JIOXXEHUIO aMIIOMIHBIX OJISIIeK, HelipolereHepauy 1, KakK CJIeICTBUE, KOTHUTUBHBIM
HapyleHusIM [54].

OnmHako I0 pe3yJibTaTaM MCCIASOOBAaHMI, MPOBEIEHHBIX 3a IMOCIeaHee IeCATUIIeTE,
OBUTO CHOPMYIMPOBAHO MPEIIOJIOXKECHNE, COMNIACHO KOTOPOMY BBICOKASI IIPOMYKIIUS 1
WHTeHCHBHOE oTioXeHre AP1-42 He SIBJIsIeTCS MATMCTPAIBHBIM COOBITHEM, 3allyCcKaro-
IIIMM KacKaJ NaTOJIOTMYECKUX peaKIIuii, IPUBOMSIINX K Pa3BUTUIO 00JIe3HU AJbIIreiimMe-
pa, Torga Kak Ha IepBblil IJIaH BBIXOASAT HapylleHHe “CUHAITUYECKOM YCTOMUYMBOCT”,
arperauusi Tay-KJIyOKOB, HeiipoBOCIHaJleHHe, aKTUBALSI MUKPOIIMU U JTUCPETYJISIIINAS
Ca?" B HelpoHax. IIpy 3ToM Kaxnasl U3 IpeacTaBJIeHHBIX “HeaMIIOWIHBIX TUITOTE3”
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MOXET BHOCUTb BECOMBII BKJIaJl B Pa3BUTHUE U IPOTrPeCCUPOBAHUE HEHPOHAIBHOI U KO-
THUTUBHOI nuchyHKIuM [55].

MyTaluuuy B TeHax, CBSI3aHHBIX C TIpoliecCuHroM APP, mpuBoasiT K pa3BUTUIO TeHETH -
yecKoi (hopMbl 60J1e3HN AblireiiMepa (¢ paHHUM HadyajoM) [56], KoTopasi coCTaBIsSIET
JIVIITL HEOOJIBIIIYIO YacTh CiiydaeB 3abosneBaHus. [1pu aToM criopaguyeckast ¢opma (c
MMO3MHMM HayajoM) mMmeeT MecTo B 99% ciyvaeB [57], sBissich MHOTO(aKTOPHOMN U
CJIOXKHOM HellpoaereHepaTUBHOM MAaTOJIOTMEN, BOBHUKAIOLIEH B pe3y/ibTaTe B3auMOICIi-
CTBUSI TCHETUYECKUX U 3KOJIOTMYECKHUX (DAKTOPOB pUCKa.

CylecTByeT HECKOJIbKO 3KCIEpUMEHTAIbHBIX Mojeeil 6ojie3Hn AJblireiimepa, Ko-
TOpbIe BKJIIOYAIOT T€HETUYECKUE MOJEIN C MCIOJIb30BaHUEM TPAHCTEHHBIX MBIIIEH, a
TakKe MOIETMPOBAHKE TIOCPEICTBOM MHTPATUIITIOKAMITATBHON MHbeKIn AR 1-42 [58].

BaxxHo moHUMaTh, YTO HU OJHA M3 CYILIECTBYIOIIMX F€HETUYECKUX MOJIEJIeil TOJTHO-
CTbIO HE BOCIIPOU3BOAUT MOJIHBIA CIEKTP CUMIITOMOB 3a00JI€eBaHUSI, OHAKO KOHKPET-
HbIE KPUTUYECKUE ACTIEKThl MATOJIOTMU MOTYT OBITh 9KCIIEPUMEHTAJILHO BOCCO3[aHbI Ha
SKCIIEPUMEHTAJIBHBIX MOJAEISIX TPBI3YHOB [59]. CTOUT OTMETUTD, UTO B pe3yjIbTare reHe-
T4eckoii Mogudukauu APP TpaHCTeHHbBIE MBIIIIM UMEIOT PsIIl OOIIIUX HEMPOITaTOJIOTH-
YeCKUX MPU3HAKOB, HAOIIONAEMBbIX U Y UeJIOBEKa, HO, TEM He MeHee, CYIIIECTBYIOT U BaXK-
Hble paznuuus [60]. B momasisiolieM 6OJIbIIMHCTBE Y TPAHCTEHHBIX MbIIIEH pa3BUBAOT-
cs1 muddysHbie U GUOPMILISIpHBIE OTIOXeHUsT AB1-42, KOTOpbIE MOXXHO BBISIBUTH ITyTEM
okpaimBaHusi TuopaBuHoM-S. Ipu s3ToM GUOPUILISIpHBIE aMUJIOUIHBIE OJISIIIIKY Ya-
CTO OKPYXKEHBI pEaKTUBHBIMM aCTPOLIMTAMU U MUKPOTJIMEi, a TaKKe TUCTPODUIECKUMU
Heliputamu. bosee Toro, cCHUXeHUe CUHANTUYECKOU TUIOTHOCTU MOXET HaOII0AaThCs B
00J1aCTH, HETTOCPEACTBEHHO NTPUMBIKAIOIIEH K (GUOPUIUISIPHBIM OTJIOXKEeHUSIM. B HEKOTO-
PBIX CTy4yasix y TPAaHCT€HHBIX MBILLIEH C BO3pacTOM HabogaeTcsi yMepeHHasi rubesib Heli-
POHOB, HO B TO X€ BpeMsl He pa3BUBaeTCs Tsxkesas aTpodusi, KOTopasi IPUCYTCTBYET Y
yesoBeka. Kpome Toro, y TpaHCreHHBIX MBbIIIE MPU MPOTpecCUpOBaHUN 3a00JIeBaHUS
MMEET MECTO ITOBBIIIEHUE YPOBHS ruiiepdocdoprInpoBaHHOIO Tay-0ejika, OMHAKO He
MMPOUCXOIUT (pOpMUPOBaHNE HENPODUOPUILISIpPHBIX KITyOKOB, YTO, B CBOIO O4Yepeb, Ha-
6mogaercs y yesoBeka [60].

bonee Toro, Haubosee OUEBUAHBIM OTJIMYMEM TPAHCTE€HHBIX MOJIEJIeil Ha XXUBOTHBIX
oT 0oJie3HM AJblireiiMepa y yejloBeKa SIBJISICTCSI UCKYCCTBEHHBIN XapaKTep TpaHCTeHHOM
TEXHOJIOTMU. Y TPBIZYHOB 00Jie3Hb AJblireiiMmepa He pa3BUBaeTCsI. DTO OOYCIOBJIECHO
TeM, 4TO0 KOHIeHTparwmst AR1-42 in vivo, Kak TPaBWIO, HAXOAUTCS B MUKOMOJISIDHOM
Mara3oHe, Torma Kak B MO3re YejloBeKa ¢ 00Jie3HbI0 AJTblireiiMepa ero KOHIeHTpalus
BbIpakeHa B HaHOMOJIsX. Kpome Toro, AB1-42 rpeI3yHOB OTJIMYAETCST OT YEJIOBEYECKOTO
HajmnmyueM Tpex apyrux amuHokuciaoT (R5G, Y10F u H13R), uTto, B cBolo o4yepenb, MO-
JKeT MpenoTBpallaTh arperauuio amuionna. [1oatoMy BBeleHUE OTHOTO U3 OCHOBHBIX
YyeJIOBeUYeCKMX T'€HOB, OOycjaBIMBaIOIIMX pa3BUTUE Oojie3HU AJjblreiimepa — APP,
PSENI1, PSEN2 u ApoE sBnsiercsi 006s13aTeIbHBIM IS MOJETUPOBAHUST MATOJIOTUU Y
I'PBI3YHOB [61].

OnHot U3 MOCIETHUX U, BO3BMOXHO, HanboJiee IUPOKO MCITOJIb3yeMbIX MoJelieil Ha
ocHoBe Momudukauuu APP saBisercs tpancrennast tuHus SXFAD, y KoTopoii BhIsIBIIe-
HO (hopMHUpPOBaHUE aMUJIOUIHBIX OJISIIIEK YKe B Bo3pacTte 2 Mec. [27]. [ubesb HelipoHOB
B TUIINIOKAMIIE€ BBIPaXXeHO HaOI01aeTcs K 9-MecsiuHOMY BO3pacTy, TOrIa Kak B HEOKOP-
TeKce JaHHBII MToKa3aTeNlb BapbupyeT B Mpeneiax 25—40% B Bo3pacte oT 9 mo 12 mec.
[44, 62], uTO cornacyeTcst C OTCYTCTBHEM SIBHOM aTpo(UM roJIOBHOI MO3Ta.

WHTepecHo, 4TO y JaHHOM JTMHUK MBIIIEH HaKOTUIeHHe WHTpaHeipoHaibHoro APR1-42
HabJo1aeTes ele 10 00pa3oBaHUs aMUJIOWIHBIX OJIAIIEK, YTO, MTO-BUAUMOMY, OKa3bl-
BaeT MpsIMOe BIUSIHUE Ha TTocienylolee GopMrUpoBaHUE aMUTIOUIHBIX OJISIIIEK.

Kpome Toro, BeipaxkeHHbIE HapyllIEeHUsI TPOCTPAHCTBEHHOTO OOYYEeHUSI 1 MaMSITH Ha-
Giroaal0TCA yKe B Bo3pacte 2 Mec. B Y-nabupuHte [27].
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WHurparunmokaMnanbHas nHbysus AR1-42 mpencraBiasier coboil MeTon, BKITIOYAO-
LIV IpsIMy0 WHGY3UI0 0MUTroMepHBIX hopMm AB1-42 B mapeHXUMY FOJIOBHOTO MO3Tra
WCTIOJIb30BaHUEM CTEPEOTAKCUIECKON YCTAaHOBKY [63].

BoiaensioT psin KputepueB, KOTOpbIe OTpaXkaloT 000CHOBAaHHOCTb MCTIOJIb30BaHUSI MOJIE-
JIV KUBOTHBIX ¢ MHbeKImer AB1-42. Bo-tiepBrix, AB1-42 cemayeT BBOOIUTH B OTHOCHUTEIBHO
HU3KMX KOHIECHTpaIUIx (HU3KMI mrana3oH HM), 4ToOBl MAaKCUMAJIbHO NPUOIM3UTHCI K
KOHILIEHTpAllM{ €ro B TOJIOBHOM MO3Te MaleHTOB ¢ 00Jie3HbIo AJblireiimepa. Ilpu aTtom
tun AP1-42 Takke MMeeT 3HaUYeHUe, TIOCKOJIbKY PACTBOPHUMbIE BUIBI MENTHIA, IPUMEHSIC-
MBIE in Vivo, MOTYT OBITh MeHee 3(h(DEKTUBHBIMU MO CPAaBHEHUIO C arpernpOBaHHbBIM MEITH -
oM [64, 65]. Bo-BTOPBIX, MHBEKIIWIO MENTUAA CIeIyeT MTPOU3BOINTh B YETKO ONpeeIeH-
HYI0 00J1aCTb TOJIOBHOTO MO3Ta, OTJIEJIbHYIO OT 00JIACTU aHaIM3a XXM3HECTTOCOOHOCTU HEeli-
POHOB, JIJI51 TOTO YTOOBI MUHMMU3UPOBATh BO3MOXKHOE TIPSIMOE TMOBPEXACHUE HEMPOHOB OT
BO3ACHCTBUSI BBEIEHHOTO MenTuaa. B-TpeTbux, cTeneHb acTporino3a B OTBET HA UHBEK-
o AB1-42 moimkHa GITh ONpeesieHa B HeMOCPEACTBEHHOMN OIM30CTH OT HEHPOHATLHOM
BSKCIPECCHUU, YUTOOBI YCTAHOBUTH BO3MOXXHYIO KOPPEJISILIMIO MEXIY aCTPOIIMATBLHOMN U Heli-
POHAIIBHOI aKTUBHOCTBIO B YCIIOBHSIX HEPOTOKCUYECKOTO neiicTBrst AR1-42.

Kaxk npaBuiio, o6nacteio BBeneHus sipisiercst CAl cyGpervoH rumnmnokammna [66], mo-
CKOJIbKY JJaHHasl 00JIacTh TOJJOBHOTO MO3ra HamboJsee MoABep:KeHa HelipoJaereHepaTuB-
HBIM M3MEHEHUSM MNpU pa3BUTUU OoJie3Hu AnblreiiMepa [67]. [Ipy1 3TOM CTOUT OTMe-
TUTh, 4YTO (POKYC BHUMAHMUS TAKXKE COCPEIOTOUYEH 1 Ha 3y0UaToil U3BUJIMHE TUIIIIOKAMIIA,
KOTOpasi, KaK CUMTAeTCsl, UTpaeT PElIaolIyi0 pojib B (DOPMUPOBAHUN aCCOLMATUBHOMN
mamsTu [68] 1 0coGeHHO ysI3BMMa TSl TOBPEKAeHU Ha paHHUX CTAIMSIX PA3BUTHS HE-
porereHepanuu aablreiiMepoBckoro tuma [69]. UHbysus onuromeproro AB1-42 B ro-
JIOBHO# MO3T XKMBOTHOTO SIBJISIETCSI MOJENbIO in Vivo, KOTOpasi BOCIIPOU3BOIUT aMUJIOU-
IIOTIATUIO U, KaK CIIEACTBHE, THOeIb HEMPOHAJIBHBIX KJIeToK [70—72].

JaHHbBII METO/ MTO3BOJISIET PETUTUIIMPOBAaTh yBeaudeHue nentuaa AB1-42 B mpoctpaH-
CTBE U BO BpeMeHU, TpeaoTBpalliasi JItooble KOMIEHCATOPHBIE WU MOOOYHbIC 3(P(PEKTHI,
KOTOpbIE MOTYT BO3HUKHYTb Y TPAHCT€HHBIX XXUBOTHBIX [63]. OmHAKO HECMOTpsI Ha BbI-
1€ YKa3aHHbBIE TTPEUMYIIECTBA, METON WHbeKIMKA AB1-42 MMeeT CBOM OrpaHUYEHMsI, a
MMEHHO, MO MOXeT Bocrpon3sBecTr 3¢ dekTer AB1-42 TONBKO B OTIpeNeIeHHOM 00-
JIacTH MO3Ta, 1 0oJiee TOro, BO BpeMsl MpoLeypbl caMa UrJia, UCMoJib3yeMas 1Sl BBe/ie-
Hus APB1-42, BeI3BIBaET MOBPEXICHNE B MECTe MHBEKIIMH, TIPUBOMIS K JOTTOTHUTETBHOMN
rubey KJIETOK U IIHo3y [63].

B psime uccienoBaHuWii TIPOJEMOHCTPUPOBAHO pa3BUTHUE NeUIIMTA TTPOCTPAHCTBEH-
HOTO OOY4YeHUsI M MaMSITU, BBI3BAHHOTO MHTPArUIInoKaMIaaibHbIM BBEIEHUEM arperupo-
BaHHOTO AP 1-40 rrt AB1-42 y rpbI3yHOB y3Ke ITOCIe HECKOIBKO THEH I OMHOM HemeTn
ONepaTUBHOIO BMeIIATeIbCTBA [73—77], 94TO OOYCIOBIEHO CHIKCHUEM CUHAIITUYCCKOM
IUIOTHOCTU M TMOEIbl0 HEPBHBIX KJIETOK B TMIIIIOKaMIIe U Ipe¢poHTaIbHOM Kope [74,
78—80], a Takke yBeJIMYEHUEM KOHIIEHTPALIMK TTPOBOCTAIUTEILHOTO IIMTOKWUHA UHTEP-
neiikuna- 13 [81] u akTUBaIMell MUKPOIIMHK B TUTIIIOKaMITe [82].

Jpyroii moaxon K MOIEeJIMPOBaHUIO HeponereHepaluu — 3TO MHTParumioKaMITaib-
HasT UHBEKIINST PACTBOPUMBIX OTUTOMEPOB AP 1-42, ABASIONINXCS MOITHBIMUA HEHPOTOK-
CUHaMM, KOTOpbIe, KaK ObLIO MPOJAEMOHCTPUPOBAHO, BBHI3BIBAIOT Y MBIIIEH CHUXEHUE
CUHAITUYECKOI TJIOTHOCTH, aKTUBALIMIO MUKPOIJIUU U aCTPOLIMTOB, YBEJIUUYEHUE YPOB-
Hsa TNF-o, unTepneiikuna- 13 1 uHTepaeiikuHa-6 B TUITIIOKAMIIE, YTO COITPOBOXIACTCS
yxXyaureHueM rmamstu [82, 83].

B 1ieiom, 3TO yKaspiBaeT Ha TO, YTO MHBEKIIMOHHAS MOJIEb Ha IPhI3yHaX MOXET He
TOJIBKO JEMOHCTPUPOBATh HAPYIIIEHUSI B TOBEIEHUM, KOTOpble (DUKCUPYIOTCS U 'y Talv-
€HTOB ¢ 00JIe3HbIO AJblireliMepa, HO TaKXe B HEKOTOPOIi CTeNeHU BOCIIPOU3BOIUTH Oe-
Ta-aMUWJIOUA-UHIYLUMPOBAHHbIE MMATOJIOTUYECKHE OCOOEHHOCTHU 3aboseBaHus (puc. 1).

BaxxHO OTMETUTH U TO, YTO B OTVIMUME OT MOJAECIMPOBaHUS O60yie3HU AJbLreiiMepa my-
TeM MHBEKIMU AP1-42, TpaHCreHHas1 MOJIeNb MoApa3yMeBaeT OOJbIle 3aTpaThl Ha ee
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Puc. 1. TIpeumyiecTBa M HEAOCTATKU MHBEKIIMOHHOW U TeHETUYECKOT Moziesin 60J1e3HM AJblireiimepa.

co3naHue, Oojiee IIUTEbHOEe (DOPMUPOBAHUE AMUJIOMAHBIX OJISIIEK (M0 HECKOJIbKUX
MecCsI1EeB), U, KaK CJIeICTBUE, Oojiee Mo3aHee BhIABIeHE OeTa-aMUIOUI-UHIYIIMPOBaH -
HBIX CHHAIITUYECKUX 1 TIOBeIeHYSCKMX HapylIeHnit [84].

Hanpotus, 1ipu MoaempoBaHUM HelipoaereHepauy ITyTeM HHTParuIimoKaMIIaJIbHO -
ro BBeieHUsT AB1-42 y MBITIei BBISIBIEHO HE TOJNBKO CKOTUTEHNE AMUTOMIHBIX OIISIIIIEK —
00lLIero MprU3HaKa, MPUCYIIEro CEMEMHOM U CIOpaaudecKoil ¢opMe, HO U CBSI3AHHOE C
STUM pa3BUTHE KOTHUTUBHBIX HapylleHuii. bojiee TOro, BaxKHBIM MPEUMYIIECTBOM JaH-
HOM MOJIEJIU SIBJISICTCS €€ YIPaBIIIEMOCTh, YTO MO3BOJISIET UCCAEA0BATENISIM KOHTPOJIMPO-
BaTh KOHIEHTpaInio AR 1-42, omHOBpeMeHHOE pa3BUTHE HEMpoOIeTeHepaIiK Y TIOXaBIs-
IOIIEr0 OOJILIIMHCTBA SKCIIEPUMEHTATBHBIX JKUBOTHBIX, TIPOSIBIISIIOIIEECS], B YACTHOCTH,
B HapyllIeHWHU TTOBEAEHUS, YTO, B CBOIO ouepelb, 00ecleunBaeT CBOOOIY B OTHOIIEHUU
SKCIEPUMEHTAIIBHOTO IU3aiiHa U IIMPOKMUI CIEKTP BO3MOXHOCTEM JIS UCCe0oBaTeIen
(puc. 1) [85].

OcHoBHas npobJieMa, CBsI3aHHasl C MOAeIUpOBaHUEM 00Jie3HU AJlblireiiMepa, 3aKJIio-
YyaeTcsl B TOM, YTO UMEIOIIHUECsT Ha CETOMHSIIITHUI 1eHb TPAHCTEHHBIE MOJICIM UMUTUPY-
IOT TOJILKO PEIKYI0 TeHeTUUecKylo (hopMy ¢ paHHUM HavyaJoM pa3BUTHUs 3a00JIeBaHUs,
TOTA KaK MBIIITUHAS MOJEIb CIIopaandyeckoil (hopMbl 60JIe3HN AJblreiiMepa ImokKa oT-
cytcTByeT. [Ipu 3TOM y TpaHCTE€HHBIX MbIIIIEH TOMUMO Pa3BUTHS TOJIBKO OeTa-aMUIOW/I -
HOW TIaTOJIOTMH, TUOO TOJIBKO Tay-MaTOJIOTUN, HE TIPOSIBIISIFOTCS B MIOJTHOM Mepe B coue-
TaHHOM BapuaHTe JAPYrue IMaTojIorThyeckKue 0COOEHHOCTU HelipoaereHepaluu ajiblreii-
MEPOBCKOTO THUIIa, B YACTHOCTH IiepeOpalibHbIe COCYIMCThIe HapyIlleHUs, BOCTIaJIeHUE,
ruGeTb XOIMHEPTUIeCKUX HEPOHOB, caXxapHBIil AuabeT 2-To THUTIA, peaKTUBHBIN acTpo-
o3, Hamnune TOMbKO OMHOTO MAaTOreHETUIECKOTO (haKTopa He MOXET OTpakaTh BCIO
CJIO’KHOCTb ¥ MHOTOTPaHHOCTh ITaTOTreHe3a CITopagudeckoit (hopMbl 60JIe3HN AJbIITeii-
Mepa, XapaKTepu3ylolieiics TO3THUM HavajloM, M KaK CIIEICTBUE, MMEEeT MECTO OTCYT-
CTBME MOJIHO# MH(MOpMaIUy 00 MHUIIMALIMY 1 TTIPOTPECCUPOBaHUY 3a00JIeBaHMSI.

Takum obGpazom, IS pealn3allMy 3agad UCCIeIOBaHUS HEOOXOIMMO HCIIOJIb30BaTh
HECKOJIbKO MOjiejieil, a UMEHHO MHBEKIIMOHHYIO, BOCIIPOU3BOJSIIYI0 OCTPOE TOKCUYE-
ckoe neiictBue AB1-42, ¥ TpaHCTEHHYIO MOJIEIb, KOTOPAst yYUTHIBAET, YTO MMATOreHe3 60-
JIe3HU AJsblireiiMepa 6oJiee TECHO CBSI3aH C XPOHUUYECKHUM BO3/IEHCTBUEM, a HE C BHE3ar -
HBIM BO3pacTaHueM KoHieHTpaiuu AB1-42 B roJoBHOM MO3re, YTO B COBOKYITHOCTH
MMO3BOJUT OoJsiee JACTAaJIbHO HU3Y4YUTHb INOTCHLUAJTIBbHBIC OCHOBHbLIC MCXAaHU3MBbI pa3BUTUA
HelipoJereHepaluu.
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SAKJIIOYEHUE

3a mociiemHUe HEeCKOJIBKO MEeCATUWIETUII ObUT JOCTUTHYT CYIIECTBEHHBIN IIpOTrpecc B
MMOHMMAaHWN NaTOMU3NOIOrUM 00JIe3HN AJIbLITeiiMepa M JIeXKallluX B €€ OCHOBE TeHETH -
YeCKMX M OMOXMMUYECKMX HApYILIEHUT. DTO COIMPOBOXAAIOCH pa3pabOTKOM pa3TnIHbBIX
9KCIIEPUMEHTAJIbHBIX MoJiesieil 00e3HN AJblreiiMepa Ha XXKMBOTHBIX, KOTOPBIE ITO3BO-
JISTIOT U3YYUTh ITATOJIOTMUECKUE U TTOBEASHUYECKUE U3MEHEHMSI, TIPOUCXOISIINE TPU pa3-
BUTHUH 3a00JIeBaHMS, YTO HEOOXOOUMO I paciIn@pOBKM IaTOreHe3a, MOCIeAYIOIETo
MPOBEICHNS AOKIMHWYECKNX MCITBITAHWII HOBBIX JIEKAPCTBEHHBIX CPEICTB, a TaKKe
OIIEHKM TIOTEHIIMAJIbHBIX METOHOB JicdeHUs. BaxkHO ImMOHMMAaTh, YTO KaxXmasgd MOIEIb
MMeeT KaK HEOCIIOpMMBIE IIPEMMYIIECTBA, TaK W OIpeaesIeHHbIe orpaHndeHusi. Beioop
TOM WJIM UHOM 3KCIIEPUMEHTAJIbHOM MOJEIM 3aBUCHUT OT LIeJIeld 1 OCHOBHBIX 3a/1ay UC-
cieqoBaHus. B 1ienom obcyxnaeMblie B 3TOM 0030pe BKCIEepUMEHTaIbHbIe MOAeIn 00-
JIe3HU AJtblireiiMepa BHECIM BECOMBINM BKJIald B IIOHMMaHWE (PYyHIAMEHTAJbHBIX MeXa-
HU3MOB pa3BUTHs 3abojieBaHus. TeM He MeHee, HU OfHa U3 IIpeICTaBICHHBIX MOIeIei
He CITOCOOHA BOCIIPOM3BECTH BCE ACIIEKTHI IMPOTPECCUPOBAHMUS 3a00JIeBaHUSI U yIECTh
cyliecTBylomue (pakKToOpbl pUCKa — caXxapHBI 1uadeT 2-To TUMa, TUNePIINKEeMUIO, Heli-
poBocHajeHUe U HapylleHue 1epeOopalbHO MUKPOLMPKYJIsLu. TakuMm ob6pa3om, co-
BpEMEHHBIE MOJeIN 00JIe3HU AJIbLIreiiMepa TpeOYyoT JONOJHUTEIbHBIX MOIM(MUKALIWIA,
YTOOBI MAKCUMAJIbHO MOJIHO MPOUJUIIOCTPUPOBATh YHUKAJIbHBIC aCIIEKThI MaTOreHe3a 3a-
6ojseBaHus. HecoMHeHHO, SKCIIepUMeHTaJIbHbIE MOIEIM 00JIe3HU AJIblLITeiiMepa Ha X1~
BOTHEIX OYIOyT IIPOMOJKATh UTPaTh MEPBOCTEIICHHYIO POJIb B OYAYIINX MCCIIETOBAHUSIX
HelpoaereHpaluy aalbIreiiMepOBCKOTrO TUIIA.

NCTOYHUKHN ®MMHAHCHUPOBAHUA

PaGora BeinoiHeHa npu noagepxke rpaHTa Poccuiickoro HayuHoro ¢onma (PH®) (mpoekrt
Ne 20-65-46004).

KOH®JIMKT UHTEPECOB

ABTOpBI IEKJIApUPYIOT OTCYTCTBHE SIBHBIX U IOTEHIIMAJIBHBIX KOH(MJINKTOB UHTEPECOB, CBSI3aH-
HBIX ¢ MyOJMKaueil JaHHOM CTaThbU.

BKJIAL ABTOPOB

Konuenuwmst (A.B.C., O.JI.B.), Hantucanue Tekcra (51.B.T".), odbopmieHue pucyHkon (A.B.B.),
penaktupoBaHue pykonucu (4.B.T.), KpuTnueckuii mepecMOTp Ha TpeaIMeT MHTEJUIEKTYaIbHOTO
conepxanus (A.B.C., O.JI.B.), yrBepXIeHne OKOHYATEILHOTO BapyMaHTa CTaTbU IJISI MyOJIMKaIun
(A.B.C., OJI.B.).

CITMCOK JIMTEPATYPHI

1. Sanchez-Varo R, Mejias-Ortega M, Fernandez-Valenzuela JJ, Nuniez-Diaz C, Caceres-Palomo L, Ve-
gas-Gomez L, Sanchez-Mejias E, Trujillo- Estrada L, Garcia-Leon JA, Moreno-Gonzalez I, Vizu-
ete M, Vitorica J, Baglietto-Vargas D, Gutierrez A (2022) Transgenic Mouse Models of Alzhei-
mer’s Disease: An Integrative Analysis. Int J Mol Sci 23: 5404.
https://doi.org/10.3390/ijms23105404.:45-54

2. Lithner CU, Hedberg MM, Nordberg A (2011) Transgenic mice as a model for Alzheimer’s dis-
ease. Curr Alzheimer Res 8: 818—831.
https://doi.org/10.2174/156720511798192736

3. Unmouuee AM, Topuna AB, Jlonamuna OJI, Komaesa FOK, Carmuna AF (2016) DKcriepuMeHTaTb-
HbIe MoziesT1 00JIe3HU AJThIITeiiMepa: IperMyIiiecTBa U HeaoctaTku. Crubupck men 0603p 4: 5—21.
[Iptyshev AM, Gorina YAV, Lopatina OL, Komleva YUK, Salmina AB (2016) Experimental models of
Alzheimer’s disease: advantages and disadvantages. Siber Med Rev 4: 5—21. (In Russ)].

4. Cruchaga C, Del-Aguila JL, Saef B, Black K, Fernandez MV, Budde J, Ibanez L, Deming Y, Ka-
poor M, Tosto G, Mayeux RP, Holtzman DM, Fagan AM, Morris JC, Bateman RJ, Goate AM,
Dominantly Inherited Alzheimer Network (DIAN), Disease Neuroimaging Initiative (ADNI),
NIA-LOAD family study, Harari O (2018) Polygenic risk score of sporadic late-onset Alzheimer’s



28

IFT'OPUHA u np.

10.

11.

12.

13.

15.

16.

17.

18.

disease reveals a shared architecture with the familial and early-onset forms. Alzheimer’s & Demen-
tia 14: 205—214.
https://doi.org/10.1016/j.jalz.2017.08.013

. Giau VV, Bagyinszky E, Youn YC, An SSA, Kim SY (2019) APP, PSEN1, and PSEN2 Mutations

in Asian Patients with Early-Onset Alzheimer Disease. Int J Mol Sci 20: 4757.
https://doi.org/10.3390/ijms20194757

. Geijselaers SLC, Aalten P, Ramakers IHGB, De Deyn PP, Heijboer AC, Koek HL, OldeRikkert MGM,

Papma JM, Reesink FE, Smits LL, Stehouwer CDA, Teunissen CE, Verhey FRJ, van der Flier WM,
Biessels GJ, Parelsnoer Institute Neurodegenerative Diseases study group (2017) Association of
Cerebrospinal Fluid (CSF) Insulin with Cognitive Performance and CSF Biomarkers of Alzhei-
mer’s Disease. J Alzheimer’s Disease 61: 309—320.

https://doi.org/10.3233/JAD-170522

. Zhang F, Wei J, Li X, Ma C, Gao Y (2018) Early Candidate Urine Biomarkers for Detecting Alz-

heimer’s Disease Before Amyloid-3 Plaque Deposition in an APP (swe)/PSEN1dE9 Transgen-
ic Mouse Model. J Alzheimer’s Disease 66: 613—637.
https://doi.org/10.3233/JAD-180412

. Forrest SL, Kril JJ, Stevens CH, Kwok JB, Hallupp M, Kim WS, Huang Y, McGinley CV, Werka H,

Kiernan MC, Gétz J, Spillantini MG, Hodges JR, Ittner LM, Halliday GM (2018) Retiring the
term FTDP-17 as MAPT mutations are genetic forms of sporadic frontotemporal tauopathies.
Brain 141: 521—-534.

https://doi.org/10.1093 /brain/awx328

. Adams SJ, Crook RJP, Deture M, Randle SJ, Innes AE, Yu XZ, Lin WL, Dugger BN, McBride M,

Hutton M, Dickson DW, McGowan E (2009) Overexpression of Wild-Type Murine Tau Results
in Progressive Tauopathy and Neurodegeneration. Am J Pathol 175: 1598—1609.
https://doi.org/10.2353/ajpath.2009.090462

Johnson ECB, Ho K, Yu GQ, Das M, Sanchez PE, Djukic B, Lopez I, Yu X, Gill M, Zhang W,
Paz JT, Palop JJ, Mucke L (2020) Behavioral and neural network abnormalities in human APP
transgenic mice resemble those of App knock-in mice and are modulated by familial Alzhei-
mer’s disease mutations but not by inhibition of BACE1. Mol Neurodegenerat 15: 53.
https://doi.org/10.1186/s13024-020-00393-5

Hsiao K, Chapman P, Nilsen S, Eckman C, Harigaya Y, Younkin S, Yang F, Cole G (1996) Cor-
relative Memory Deficits, A Elevation, and Amyloid Plaques in Transgenic Mice. Science 274:
99—103.

https://doi.org/10.1126 /science.274.5284.99

Oulés B, Del Prete D, Greco B, Zhang X, Lauritzen I, Sevalle J, Moreno S, Paterlini-Bréchot P,
Trebak M, Checler F, Benfenati F, Chami M (2012) Ryanodine Receptor Blockade Reduces Am-
yloid- Load and Memory Impairments in Tg2576 Mouse Model of Alzheimer Disease. J Neu-
rosci 32: 11820—11834.

https://doi.org/10.1523/JINEUROSCI.0875-12.2012

Westerman MA, Cooper-Blacketer D, Mariash A, Kotilinek L, Kawarabayashi T, Younkin LH,
Carlson GA, Younkin SG, Ashe KH (2002) The Relationship between AP and Memory in the
Tg2576 Mouse Model of Alzheimer’s Disease. J Neurosci 22: 1858—1867.
https://doi.org/10.1523/INEUROSCI.22-05-01858.2002

. Lefterov I, Fitz NF, Cronican A, Lefterov P, Staufenbiel M, Koldamova R (2009) Memory deficits

in APP23/Abcal +/- mice correlate with the level of AP oligomers. ASN Neuro 1: ¢00006.
https://doi.org/10.1042/AN20090015

Sturchler-Pierrat C, Abramowski D, Duke M, Wiederhold KH, Mistl C, Rothacher S, Ledermann B,
Biirki K, Frey P, Paganetti PA, Waridel C, Calhoun ME, Jucker M, Probst A, Staufenbiel M, Som-
mer B (1997) Two amyloid precursor protein transgenic mouse models with Alzheimer disease-
like pathology. Proc Natl Acad Sci USA 94: 13287—13292.
https://doi.org/10.1073/pnas.94.24.13287

Van Dam D, D’Hooge R, Staufenbiel M, Van Ginneken C, Van Meir F, De Deyn PP (2003) Age-
dependent cognitive decline in the APP23 model precedes amyloid deposition: Behavioral test-
ing of the APP23 model. Eur J Neurosci 17: 388—396.
https://doi.org/10.1046/j.1460-9568.2003.02444.x

Chen G, Chen KS, Knox J, Inglis J, Bernard A, Martin SJ, Justice A, McConlogue L, Games D,
Freedman SB, Morris RG (2000) A learning deficit related to age and B-amyloid plaques in a
mouse model of Alzheimer’s disease. Nature 408: 975—979.

https://doi.org/10.1038/35050103

Games D, Adams D, Alessandrini R, Barbour R, Borthelette P, Blackwell C, Carr T, Clemens J,
Donaldson T, Gillespie F, Guido T, Hagopian S, Johnson-Wood K, Khan K, Lee M, Leibowitz P,
Lieberburg I, Little S, Masliah E, McConlogue L, Montoya-Zavala M, Mucke L, Paganini L, Pen-
niman E, Power M, Schenk D, Seubert P, Snyder B, Soriano F, Tan H, Vitale J, Wadsworth S,
Wolozin B, Zhao J (1995) Alzheimer-type neuropathology in transgenic mice overexpressing
V717F B-amyloid precursor protein. Nature 373: 523—527.

https://doi.org/10.1038/373523a0



BOJIE3Hb AJIBLITEMUMEPA 29

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Ameen-Ali KE, Wharton SB, Simpson JE, Heath PR, Sharp P, Berwick J (2017) Review: Neuro-
pathology and behavioural features of transgenic murine models of Alzheimer’s disease. Neu-
ropathol Appl Neurobiol 43: 553—570.

https://doi.org/10.1111 /nan.12440

Escribano L, Simon AM, Pérez-Mediavilla A, Salazar-Colocho P, Del Rio J, Frechilla D (2009)
Rosiglitazone reverses memory decline and hippocampal glucocorticoid receptor down-regu-
lation in an Alzheimer’s disease mouse model. Biochem Biophys Res Commun 379: 406—410.
https://doi.org/10.1016/j.bbrc.2008.12.071

Mucke L, Masliah E, Yu GQ, Mallory M, Rockenstein EM, Tatsuno G, Hu K, Kholodenko D,
Johnson-Wood K, McConlogue L (2000) High-Level Neuronal Expression of A 1-42 in Wild-
Type Human Amyloid Protein Precursor Transgenic Mice: Synaptotoxicity without Plaque
Formation. J Neurosci 20: 4050—4058.
https://doi.org/10.1523/INEUROSCI.20-11-04050.2000

Palop JJ, Jones B, Kekonius L, Chin J, Yu GQ, Raber J, Masliah E, Mucke L (2003) Neuronal
depletion of calcium-dependent proteins in the dentate gyrus is tightly linked to Alzheimer’s
disease-related cognitive deficits. Proc Natl Acad Sci USA 100: 9572—9577.
https://doi.org/10.1073 /pnas.1133381100

Ambrée O, Richter H, Sachser N, Lewejohann L, Dere E, de Souza Silva MA, Herring A, Keyvani K,
Paulus W, Schdbitz WR (2009) Levodopa ameliorates learning and memory deficits in a murine
model of Alzheimer’s disease. Neurobiol Aging 30: 1192—1204.
https://doi.org/10.1016/j.neurobiolaging.2007.11.010

Chishti MA, Yang DS, Janus C, Phinney AL, Horne P, Pearson J, Strome R, Zuker N, Loukides J,
French J, Turner S, Lozza G, Grilli M, Kunicki S, Morissette C, Paquette J, Gervais F, Bergeron C,
Fraser PE, Carlson GA, George-Hyslop PS, Westaway D (2001) Early-onset Amyloid Deposition
and Cognitive Deficits in Transgenic Mice Expressing a Double Mutant Form of Amyloid Pre-
cursor Protein 695. J Biol Chem 276: 21562—21570.

https://doi.org/10.1074/jbc.M 100710200

Kobayashi DT, Chen KS (2005) Behavioral phenotypes of amyloid-based genetically modified
mouse models of Alzheimer’s disease. Genes, Brain and Behav 4: 173—196.
https://doi.org/10.1111/j.1601-183X.2005.00124

Kosel F, Torres Munoz P, Yang JR, Wong AA, Franklin TB (2019) Age-related changes in social
behaviours in the 5XxFAD mouse model of Alzheimer’s disease. Behav Brain Res 362: 160—172.
https://doi.org/10.1016/j.bbr.2019.01.029

Oakley H, Cole SL, Logan S, Maus E, Shao P, Craft J, Guillozet-Bongaarts A, Ohno M, Disterhoft J,
Van Eldik L, Berry R, Vassar R (2006) Intraneuronal beta-Amyloid Aggregates, Neurodegener-
ation, and Neuron Loss in Transgenic Mice with Five Familial Alzheimer’s Disease Mutations:
Potential Factors in Amyloid Plaque Formation. J Neurosci 26: 10129—10140.
https://doi.org/10.1523/INEUROSCI.1202-06.2006

Ohno M, Chang L, Tseng W, Oakley H, Citron M, Klein WL, Vassar R, Disterhoft JF (2006) Tem-
poral memory deficits in Alzheimer’s mouse models: rescue by genetic deletion of BACEI.
Eur J Neurosci 23: 251-260.

https://doi.org/10.1111/j.1460-9568.2005.04551.x

Saito T, Suemoto T, Brouwers N, Sleegers K, Funamoto S, Mihira N, Matsuba Y, Yamada K, Nils-
son P, Takano J, Nishimura M, Iwata N, Van Broeckhoven C, lhara Y, Saido TC (2011) Potent
amyloidogenicity and pathogenicity of AB43. Nature Neurosci 14: 1023—1032.
https://doi.org/10.1038 /nn.2858

Lee CYD, Daggett A, Gu X, Jiang LL, Langfelder P, Li X, Wang N, Zhao Y, Park CS, Cooper Y,
Ferando I, Mody I, Coppola G, Xu H, Yang XW (2018) Elevated TREM2 Gene Dosage Repro-
grams Microglia Responsivity and Ameliorates Pathological Phenotypes in Alzheimer’s Dis-
ease Models. Neuron 97: 1032—1048.e5.

https://doi.org/10.1016/j.neuron.2018.02.002

Belfiore R, Rodin A, Ferreira E, Velazquez R, Branca C, Caccamo A, Oddo S (2019) Temporal and re-
gional progression of Alzheimer’s disease-like pathology in 3xTg-AD mice. Aging Cell 18: ¢12873.
https://doi.org/10.1111/acel. 12873

Billings LM, Oddo S, Green KN, McGaugh JL, LaFerla FM (2005) Affiliations expand Intraneu-
ronal AR Causes the Onset of Early Alzheimer’s Disease-Related Cognitive Deficits in Trans-
genic Mice. Neuron 45: 675—688.

https://doi.org/10.1016/j.neuron.2005.01.040

Oddo S, Caccamo A, Shepherd JD, Murphy MP, Golde TE, Kayed R, Metherate R, Mattson MP,
Akbari Y, LaFerla FM (2003) Triple-Transgenic Model of Alzheimer’s Disease with Plaques and
Tangles. Neuron 39: 409—421.

https://doi.org/10.1016/s0896-6273(03)00434-3

Volloch V, Olsen B, Rits S (2019) Alzheimer’s Disease is Driven by Intraneuronally Retained Be-
ta-Amyloid Produced in the AD-Specific, BAPP-Independent Pathway: Current Perspective
and Experimental Models for Tomorrow. Ann Integrat Mol Med 2: 90—114.
https://doi.org/10.33597 /aimm.02-1007



30

IFT'OPUHA u np.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

Creighton SD, Mendell AL, Palmer D, Kalisch BE, MacLusky NJ, Prado VF, Prado MAM, Win-
ters BD (2019) Dissociable cognitive impairments in two strains of transgenic Alzheimer’s dis-
ease mice revealed by a battery of object-based tests. Sci Rep 9: 57.

https://doi.org/10.1038 /s41598-018-37312-0

Kitazawa M, Medeiros R, LaFerla FM (2012) Transgenic Mouse Models of Alzheimer Disease:
Developing a Better Model as a Tool for Therapeutic Interventions. Current Pharmac Design
18: 1131—1147.

https://doi.org/10.2174/138161212799315786

Poon CH, Wang Y, Fung ML, Zhang C, Lim LW (2020) Rodent Models of Amyloid-Beta Feature of
Alzheimer’s Disease: Development and Potential Treatment Implications. Aging and Disease 11:
1235—1259.

https://doi.org/10.14336/AD.2019.1026

Chishti MA, Yang DS, Janus C, Phinney AL, Horne P, Pearson J, Strome R, Zuker N, Loukides J,
French J, Turner S, Lozza G, Grilli M, Kunicki S, Morissette C, Paquette J, Gervais F, Bergeron C,
Fraser PE, Carlson GA, George-Hyslop PS, Westaway D (2001) Early-onset Amyloid Deposition
and Cognitive Deficits in Transgenic Mice Expressing a Double Mutant Form of Amyloid Pre-
cursor Protein 695. J Biol Chem 276: 21562—21570.

https://doi.org/10.1074/jbc.M 100710200

Bagyinszky E, Park SA, Kim HJ, Choi SH, An SS, Kim SY (2016) PSEN1 L226F mutation in a
patient with early-onset Alzheimer’s disease in Korea. Clin Intervent Aging 11: 1433—1440.
https://doi.org/10.2147/CIA.S111821

Otvos LJ, Szendrei GI, Lee VM, Mantsch HH (1993) Human and rodent Alzheimer beta-amyloid
peptides acquire distinct conformations in membrane-mimicking solvents. Eur J Biochem 211:
249-257.

https://doi.org/10.1111/j.1432-1033.1993.tb19893.x

Jaffar S, Counts SE, Ma SY, Dadko E, Gordon MN, Morgan D, Mufson EJ (2001) Neuropathol-
ogy of Mice Carrying Mutant APPswe and/or PSIM146L Transgenes: Alterations in the
p75NTR Cholinergic Basal Forebrain Septohippocampal Pathway. Exp Neurol 170: 227—243.
https://doi.org/10.1006/exnr.2001.7710

Li XY, Men WW, Zhu H, Lei JF, Zuo FX, Wang ZJ, Zhu ZH, Bao XJ, Wang RZ (2016) Age- and
Brain Region-Specific Changes of Glucose Metabolic Disorder, Learning, and Memory Dys-
function in Early Alzheimer’s Disease Assessed in APP/PS1 Transgenic Mice Using 18F-
FDG-PET. Int J Mol Sci 17: 1707.

https://doi.org/10.3390/ijms17101707

Holcomb L, Gordon MN, McGowan E, Yu X, Benkovic S, Jantzen P, Wright K, Saad I, Mueller R,
Morgan D, Sanders S, Zehr C, O’Campo K, Hardy J, Prada CM, Eckman C, Younkin S, Hsiao K,
Duff K (1998) Accelerated Alzheimer-type phenotype in transgenic mice carrying both mutant
amyloid precursor protein and presenilin 1 transgenes. Nature Med 4: 97—100.
https://doi.org/10.1038/nm0198-097

Eimer WA., Vassar R (2013) Neuron loss in the SXFAD mouse model of Alzheimer’s disease cor-
relates with intraneuronal AB42 accumulation and Caspase-3 activation. Mol Neurodegen 8: 2.
https://doi.org/10.1186/1750-1326-8-2

Xiao NA, Zhang J, Zhou M, Wei Z, Wu XL, Dai XM, Zhu YG, Chen XC (2015) Reduction of Glu-
cose Metabolism in Olfactory Bulb is an Earlier Alzheimer’s Disease-related Biomarker in
5XFAD Mice. Chin Med J 128: 2220—-2227.

https://doi.org/10.4103/0366-6999.162507

Wirths O, Zampar S (2020) Neuron Loss in Alzheimer’s Disease: Translation in Transgenic
Mouse Models. Int J Mol Sci 21: 8144.

https://doi.org/10.3390/ijms21218144

Héraud C, Goufak D, Ando K, Leroy K, Suain V, Yilmaz Z, De Decker R, Authelet M, Laporte V,
Octave JN, Brion JP (2014) Increased misfolding and truncation of tau in APP/PS1/tau trans-
genic mice compared to mutant tau mice. Neurobiol Disease 62: 100—112.
https://doi.org/10.1016/j.nbd.2013.09.010

DeBay DR, Reid GA, Macdonald IR, Mawko G, Burrell S, Martin E, Bowen CV, Darvesh S (2017)
Butyrylcholinesterase-knockout reduces fibrillar B-amyloid and conserves 18FDG retention in
5SXFAD mouse model of Alzheimer’s disease. Brain Res 1671: 102—110.
https://doi.org/10.1016/j.brainres.2017.07.009

Hiittenrauch M, Baches S, Gerth J, Bayer TA, Weggen S, Wirths O (2015) Neprilysin Deficiency
Alters the Neuropathological and Behavioral Phenotype in the SXFAD Mouse Model of Alz-
heimer’s Disease. J Alzheimer’s Disease 44: 1291—1302.

https://doi.org/10.3233/JAD-142463

Jafari Z, Okuma M, Karem H, Mehla J, Kolb BE, Mohajerani MH (2019) Prenatal noise stress
aggravates cognitive decline and the onset and progression of beta amyloid pathology in a
mouse model of Alzheimer’s disease. Neurobiol Aging 77: 66—86.

https://doi.org/10.1016 /j.neurobiolaging.2019.01.019



BOJIE3Hb AJILLITEMMEPA 31

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

Kelley BJ, Petersen RC (2007) Alzheimer’s Disease and Mild Cognitive Impairment. Neurol
Clin 25: 577—609.

https://doi.org/10.1016/j.ncl.2007.03.008

Schliebs R, Arendt T (2011). The cholinergic system in aging and neuronal degeneration. Behav
Brain Res 221: 555—563.

https://doi.org/10.1016/j.bbr.2010.11.058

Selkoe DJ, Hardy J (2016) The amyloid hypothesis of Alzheimer’s disease at 25 years. EMBO
Mol Med 8: 595—608.

https://doi.org/10.15252/emmm.201606210

Chen Z, Zhong C (2013) Decoding Alzheimer’s disease from perturbed cerebral glucose metab-
olism: Implications for diagnostic and therapeutic strategies. Progr Neurobiol 108: 21—43.
https://doi.org/10.1016/j.pneurobio.2013.06.004

Bezprozvanny I (2022) Alzheimer’s disease — Where do we go from here? Biochem Biophys Res
Commun 633:72-76.

https://doi.org/10.1016/j.bbrc.2022.08.075

Levy E, Carman MD, Fernandez-Madrid 1J, Power MD, Lieberburg I, van Duinen SG, Bots GT,
Luyendijk W, Frangione B (1990) Mutation of the Alzheimer’s Disease Amyloid Gene in He-
reditary Cerebral Hemorrhage, Dutch Type. Science 248: 1124—1126.

https://doi.org/10.1126 /science.2111584

Zhang X, Fu Z, Meng L, He M, Zhang Z (2018) The Early Events That Initiate B-Amyloid Ag-
gregation in Alzheimer’s Disease. Front Aging Neurosci 10: 359.
https://doi.org/10.3389/fnagi.2018.00359

Puzzo D, Gulisano W, Palmeri A, Arancio O (2015) Rodent models for Alzheimer’s disease drug
discovery. Expert Opin Drug Discov 10: 703—711.
https://doi.org/10.1517/17460441.2015.1041913

LaFerla FM, Green KN (2012) Animal Models of Alzheimer Disease. Cold Spring Harbor Per-
spect Med 2: a006320.

https://doi.org/10.1101/cshperspect.a006320

Drummond E, Wisniewski T (2017) Alzheimer’s disease: experimental models and reality. Acta
Neuropathol 133: 155—175.

https://doi.org/10.1007 /s00401-016-1662-x

Esquerda-Canals G, Montoliu-Gaya L, Giiell-Bosch J, Villegas S (2017) Mouse Models of Alz-
heimer’s Disease. J Alzheimer’s Disease 57: 1171—1183.

https://doi.org/10.3233/JAD-170045

Jawhar S, Trawicka A, Jenneckens C, Bayer TA, Wirths O (2012) Motor deficits, neuron loss, and
reduced anxiety coinciding with axonal degeneration and intraneuronal AP aggregation in the
5XFAD mouse model of Alzheimer’s disease. Neurobiol Aging 33: 196.e29.
https://doi.org/10.1016/j.neurobiolaging.2010.05.027

Jean YY, Baleriola J, Fa M, Hengst U, Troy CM (2015) Stereotaxic Infusion of Oligomeric Am-
yloid-beta into the Mouse Hippocampus. J Visual Experim 100: ¢52805.
https://doi.org/10.3791/52805

Frautschy SA., Yang F, Calderdn L, Cole GM (1996) Rodent models of Alzheimer’s disease: Rat
af} infusion approaches to amyloid deposits. Neurobiol Aging 17: 311—332.
https://doi.org/10.1016/0197-4580(95)02073-X

O'Hare E, Weldon DT, Mantyh PW, Ghilardi JR, Finke MP, Kuskowski MA, Maggio JE, Shephard RA,
Cleary J (1999) Delayed behavioral effects following intrahippocampal injection of aggregated AB(1-
42). Brain Res 815: 1-10.

https://doi.org/10.1016/s0006-8993(98)01002-6

Scuderi C, Stecca C, Valenza M, Ratano P, Bronzuoli MR, Bartoli S, Steardo L, Pompili E, Fum-
agalli L, Campolongo P, Steardo L (2014) Palmitoylethanolamide controls reactive gliosis and
exerts neuroprotective functions in a rat model of Alzheimer’s disease. Cell Death & Disease 5:
e1419.

https://doi.org/10.1038 /cddis.2014.376

Bolmont T, Clavaguera F, Meyer-Luehmann M, Herzig MC, Radde R, Staufenbiel M, Lewis J,
Hutton M, Tolnay M, Jucker M (2007) Induction of Tau Pathology by Intracerebral Infusion of
Amyloid-B-Containing Brain Extract and by Amyloid-f§ Deposition in APP X Tau Transgenic
Mice. Am J Pathol 171: 2012—2020.

https://doi.org/10.2353/ajpath.2007.070403

Denny CA, Burghardt NS, Schachter DM, Hen R, Drew MR (2012) 4- to 6-week-old adult-born
hippocampal neurons influence novelty-evoked exploration and contextual fear conditioning.
Hippocampus 22: 1188—1201.

https://doi.org/10.1002/hipo.20964

Ohm TG (2007) The dentate gyrus in Alzheimer’s disease. Progr Brain Res 163: 723—740.
https://doi.org/10.1016/S0079-6123(07)63039-8



32

IFT'OPUHA u np.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

Baleriola J, Walker CA, Jean YY, Crary JF, Troy CM, Nagy PL, Hengst U (2014) Axonally Synthe-
sized ATF4 Transmits a Neurodegenerative Signal across Brain Regions. Cell 158: 1159—1172.
https://doi.org/10.1016/j.cell.2014.07.001

Jean YY, Ribe EM, Pero ME, Moskalenko M, Igbal Z, Marks LJ, Greene LA, Troy CM (2013)
Caspase-2 is essential for c-Jun transcriptional activation and Bim induction in neuron death.
Biochem J 455: 15-25.

https://doi.org/10.1042/BJ20130556

Sotthibundhu A, Sykes AM, Fox B, Underwood CK, Thangnipon W, Coulson EJ (2008) Beta-am-
yloid(1—426) Induces Neuronal Death through the p75 Neurotrophin Receptor. J Neurosci 28:
3941—3946.

https://doi.org/10.1523/INEUROSCI.0350-08.2008

Jhoo JH, Kim HC, Nabeshima T, Yamada K, Shin EJ, Jhoo WK, Kim W, Kang KS, Jo SA, Woo JI
(2004) B-Amyloid (1-42)-induced learning and memory deficits in mice: involvement of oxida-
tive burdens in the hippocampus and cerebral cortex. Behav Brain Res 155: 185—196.
https://doi.org/10.1016/j.bbr.2004.04.012

Prediger RD, Franco JL, Pandolfo P, Medeiros R, Duarte FS, Di Giunta G, Figueiredo CP, Farina M,
Calixto JB, Takahashi RN, Dafre AL (2007) Differential susceptibility following f-amyloid pep-
tide-(1—40) administration in C57BL/6 and Swiss albino mice: Evidence for a dissociation be-
tween cognitive deficits and the glutathione system response. Behav Brain Res 177: 205—213.
https://doi.org/10.1016/j.bbr.2006.11.032

Yamada K, Tanaka T, Mamiya T, Shiotani T, Kameyama T, Nabeshima T (1999) Improvement
by nefiracetam of § -amyloid-(1-42)-induced learning and memory impairments in rats: Ne-
firacetam and P -amyloid-induced memory deficits. Br J Pharmacol 126: 235—244.
https://doi.org/10.1038/sj.bjp.0702309

Yamaguchi Y, Miyashita H, Tsunekawa H, Mouri A, Kim HC, Saito K, Matsuno T, Kawashima S,
Nabeshima T (2006) Effects of a Novel Cognitive Enhancer, Spiro[imidazo-[1,2-a]pyridine-
3,2-indan]-2(3 H) -one (ZSET1446), on Learning Impairments Induced by Amyloid- 1—40
in the Rat. J Pharmacol Exp Ther 317: 1079—1087.

https://doi.org/10.1124/jpet.105.098640

Yan JJ, Cho JY, Kim HS, Kim KL, Jung JS, Huh SO, Suh HW, Kim YH, Song DK (2001) Protec-
tion against B-amyloid peptide toxicity in vivo with long-term administration of ferulic acid: In
vivo protection against b-amyloid toxicity with ferulic acid. Br J Pharmacol 133: 89—96.
https://doi.org/10.1038/sj.bjp.0704047

Figueiredo CP, Bicca MA, Latini A, Prediger RD, Medeiros R, Calixto JB (2011) Folic Acid Plus
o-Tocopherol Mitigates Amyloid-B-Induced Neurotoxicity through Modulation of Mitochon-
drial Complexes Activity. J Alzheimer’s Disease 24: 61-75.
https://doi.org/10.3233/JAD-2010-101320

Piermartiri TCB, Figueiredo CP, Rial D, Duarte FS, Bezerra SC, Mancini G, de Bem AF, Pre-
diger RDS, Tasca CI (2010) Atorvastatin prevents hippocampal cell death, neuroinflammation
and oxidative stress following amyloid-B1-40 administration in mice: Evidence for dissociation
between cognitive deficits and neuronal damage. Exp Neurol 226: 274—284.
https://doi.org/10.1016/j.expneurol.2021.113840

Santos DB, Peres KC, Ribeiro RP, Colle D, dos Santos AA, Moreira EL, Souza DO, Figueiredo CP,
Farina M (2012) Probucol, a lipid-lowering drug, prevents cognitive and hippocampal synaptic
impairments induced by amyloid B peptide in mice. Exp Neurol 233: 767—775.
https://doi.org/10.1016/j.expneurol.2011.11.036

Minogue AM, Schmid AW, Fogarty MP, Moore AC, Campbell VA, Herron CE, Lynch MA (2003)
Activation of the c-Jun N-terminal Kinase Signaling Cascade Mediates the Effect of Amyloid-
B on Long Term Potentiation and Cell Death in Hippocampus. J Biol Chem 278: 27971—27980.
https://doi.org/10.1074/jbc.M 302530200

Figueiredo CP, Clarke JR, Ledo JH, Ribeiro FC, Costa CV, Melo HM, Mota-Sales AP, Saraiva LM,
Klein WL, Sebollela A, De Felice FG, Ferreira ST (2013) Memantine Rescues Transient Cogni-
tive Impairment Caused by High-Molecular-Weight A Oligomers But Not the Persistent Im-
pairment Induced by Low-Molecular-Weight Oligomers. J Neurosci 33: 9626—9634.
https://doi.org/10.1523/INEUROSCI.0482-13.2013

Ledo JH, Azevedo EP, Clarke JR, Ribeiro FC, Figueiredo CP, Foguel D, De Felice FG, Ferreira ST
(2013) Amyloid-P oligomers link depressive-like behavior and cognitive deficits in mice. Mol
Psychiatry 18: 1053—1054.

https://doi.org/10.1038/mp.2012.168

Elder GA, Gama Sosa MA, De Gasperi R (2010) Transgenic Mouse Models of Alzheimer’s Dis-
ease. Mount Sinai J Med 77(1): 69—81.

https://doi.org/10.1002/ms;j.20159

Kim HY, Lee DK, Chung BR, Kim HV, Kim Y (2016) Intracerebroventricular Injection of Amy-
loid-&#946; Peptides in Normal Mice to Acutely Induce Alzheimer-like Cognitive Deficits.
J Visual Experim 109: 53308.

https://doi.org/10.3791/53308



BOJIE3Hb AJIBLITEMUMEPA

33

Alzheimer’s Disease: A Search for the Best Experimental Models for the Decoding
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Alzheimer’s disease is the most common type of dementia associated with cognitive
decline, such as memory and visuospatial skills. Insufficiently effective treatments
have prompted the creation of experimental animal models capable of reproducing the
pathology of Alzheimer’s disease, especially at the presymptomatic stage, in order to
develop and study preventive and therapeutic strategies. To date, none of the devel-
oped animal models fully reflects the entire spectrum of neuropathological and cogni-
tive impairments observed in the development of Alzheimer’s disease in humans.
However, each model created allows, to one degree or another, to study various as-
pects of the pathogenesis of the disease, providing an important understanding of the
key pathological changes that may occur during its development. In this review, we
present a summary of the neuropathological features of Alzheimer’s disease and their
relationship to cognitive impairment in the animal models currently in use. We also
present in a comparative aspect the features of the development of Alzheimer’s type
neurodegeneration using the example of 2 models — genetic and injection, which will
make it possible to determine optimal approach when choosing a model for imple-
menting research tasks.

Keywords: Alzheimer’s disease, genetic model, injection model, cognitive functions
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