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Hapyenue dongunara 6eyka O.-CUHYKJIEMHA, CITIOCOOCTBYIOlllee 0Opa30BaHUIO Heli-
POTOKCUYHBIX OJTMTOMEPOB U arperaToB, SIBJISIETCS] OAHOM M3 OCHOBHBIX NPUYKH ruGe-
mm nodamuH (JA)-epruyecknx HEMPOHOB KOMIMAKTHOW YacTW YepHOU CyOCTaHIIUM
(xa4C) nipu 60me3nu I[Napkuncona (BIT). PaHee MBI ycTaHOBWIIM, 4TO (DapMaKOJIOTH-
YeCcKoe MHTMOMpPOBaHUEe aKTMBHOCTH BOJIHOIO KaHasla akBaropuHa-4 (AQP4), yyacr-
BYIOILIETO B MEXaHW3MaX OYMCTKM MO3Ta OT aMWIOMIOTEHHBIX OEIKOB, YCHJIMBAIIO
Mpoliecc HelpoaereHepaluy B HUITPOCTPUATHOM CUCTEME U BBI3bIBAJIO TTOSIBJIEHUE MO-
TOPHBIX HAapyIIeHUH B JakTauucTuHoBoi Monenu BII. I1pennonaraercsi, 4To nporpec-
CHpOBaHME HelpoaereHepaly MTPOUCXOIUT M3-32 M30BITOYHOTO HAKOIICHUS T1aTo-
sornyeckux ¢opMm o-cuHykienHa B KiUC BeaencTBre cHIDKeHUsT akTuBHOCTA AQP4.
3agaya TaHHOTO UCCJIEOBAHUSI — BBISICHUTD, IPUBOAMT JIK (DapMaKoOJOTUYECKOE MH-
ruOMpoBaHNEe aKTUBHOCTH BOMHOTO KaHajla AQP4 B roJIOBHOM MO3Te K YCWJICHUIO Oi-
cuHykJIenHoBoM narojiornv B K944 C B monenau BIT y kpbIc. DKcieprMMeHTHI BBITIOTHE -
HbI Ha caMlIax KpbIc monyisiiuuu Bucrap. AktuBHOCT, AQP4 nmomasisiv ¢ NOMOIIbIO
nHruouropa TGN-020, BBoguBIIIETOCS B OOKOBOI XKeJIymodeK roJloBHOro Mo3ra. Jist
BocmpousBeneHus Monean BIT uicnonb3oBanu cneuudUdecKuii MHTMOUTOP TTpoTea-
coM saktauuctuH (JIL1), Kotopslit BBomwim 6uiarepaibHo B K4YC. B uccinenoBaHum
MMPpUMeHEeHbl UMMYHOOJIOTTUHT 1 KOH(poKabHass Mukpockonusi. Monens BIT xapakre-
pU30Baiach MaTOJOTMYECKUM HAaKOILJICHHEM OOlleit BomopacTBopuMoi u dochopu-
nupoBaHHO# 110 Ser129 ¢dopm o-cunykienHa B Tkanu ka4 C 1 o6pa3oBaHMEM Hepac-
TBOPUMBIX arperaToB Oi-cUHykJIeuHa B JIA-epruueckux HeiipoHax ku4C. BeeneHue
TGN-020 mpuBoaMIIO K YCYTYyOJIEHUIO O.-CUHYKJIEMHOBOI maroioruu B monmenu BIT,
MPOSIBJISIBLLIEMYCSI MOBBIILIEHUEM YPOBHEM BOAOPACTBOPMMOM U MOAUMDUIIMPOBAHHOM
¢dopM Oi-CUHYKJIEWHA, a TaKXKe YBEJTMUEHUEM KOJIWYECTBa arperaTtoB O-CUHYKJIEHA B
yepHo#t cybcranuu B 1.9 pasza. [Ipenmonaraercs, yro nuchyakuust AQP4 sensercsa
OIIHMM M3 MEXaHU3MOB, MPUBOSIIMX K HeiipoaereHepaluuy U HAaKOTJIEHUIO aMUJIOM-
JIOTEHHBIX OEJIKOB B MapeHxnMe rojioBHoM Mo3sre nipu BI1. Bonnwiit kanan AQP4 mo-
JKET SIBUThCS MEPCIEKTUBHOM MUILIEHBIO IJIsT pa3pabOTKU TepareBTUUECKUX TTOIXOIOB,
HamnpaBJIeHHBIX Ha OcIabJIeHUe IMTOTOKCUYHOCTH, aKKyMYJISILIUU U pacTIPOCTPAHEHUST
Ol-CUHYKJIEMHA B TOJIOBHOM MO3Te TIPY pa3BUTUU [1apKMHCOH-TTOM0OHOI MTaTOJIOTHH.

Kntoueswie crosa: akBanopuH-4, 0.-CUHYKJIEWH, HeliponereHepainsi, yOMKBUTUH-TIPO-
TeacoMHasl CUCTeMa, YepHas cyocTaHuusl, 60e3Hb [lapkrHcoHa
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BBEJEHUE

bonesnb IMapkuncona (BIT) — nporpeccupyloliiee XxpoHUYECKOE HelpoaereHepaTuB-
Hoe 3a00JieBaHUE, SIBISIETCSI OMHOM U3 aKTyaJbHENIINX OUOMEIUIIMHCKUX IIPOOJIEM CO-
BPEMEHHOCTU. DTO CBSI3aHO C TeM, 4yTo BIl, HecMOTps Ha aKTUBHBII MTOUCK TepaIeBTH-
YeCKHUX IMOAX0H0B, MO-MPEXXHEMY OCTAETCsI HEU3JIEUYNMOIA, a € PaCIPOCTPAHEHHOCTh He-
yKJIOHHO pacteT [1, 2]. Jns pemieHus1 3Toit mpoOjieMbl HEOOXOAMMBI HCCIEeIOBaHMSI,
HarpaBJIeHHbIC Ha aJibHeillee M3yYeHUe TaToreHe3a 3Toro 3ab0JieBaHusl.

XapaktepHoii uepToii BI1 sBisiercst o6mmnpHast aereHepauus nodamut (J1A)-eprude-
CKUX HEMPOHOB KOMITAaKTHO yacTu yepHoii cyoctanmu (ka4 C) u Apyrux CTpyKTyp ro-
JIOBHOTO MO3Ta, YTO MIPUBOAUT K PA3BUTHIO KOMILIEKCA MOTOPHBIX 1 HEMOTOPHBIX CUMIITO-
MoB [3]. ComtacHO COBpEMEHHOI TOYKE 3PEHUS, KIIOUEBBIM MaTOT€HETUYECKUM 3BEHOM
3TOrO 3a00JIEBaHUS SIBJISIETCS] U30BITOYHOE HAKOIUIEHUE B KJIETKaX U MEXKJIETOYHOM MpPO-
CTpaHCTBE TOKCUYHBLIX opM Oenka O-CuHyKiIerHa. Pdusnosiormdyeckast GyHKIMST O-CH-
HyKJIEMHA B KJIETKE JO CUX IMOp IO KOHLIa He BhIsicHeHa. OHAKO B CBSI3U C TEM, YTO OH
JIOKQJIM30BaH B OCHOBHOM B aKCOHaX M MPECUHAINTUYECKUX OKOHYAHUSIX HEWUPOHOB,
MpeAnojaraeTcs, 4YTo OH IPUHUMAET YYacTUE B PETYIISLIMY BE3UKYJISIPDHOTO TTyJia U Tepe-
a4yl HEpBHOTO UMITyiIbca [4]. OcCOOeHHOCThHIO TaHHOTO OeJIKa SIBJISIETCS HAIMIne CaliTOB
IS MO GUKALIMA (B YaCTHOCTH, (hOChHOPMIIMPOBAHMS) U CITIOCOOHOCTh K 00pa30BaHUIO
OJIUTOMEPOB, 00JIAAIOIINX BEIPAa’)KeHHBIM LIMTOTOKCUYECKUM JIEMCTBUEM, a TaKXe (Hprb-
pwt u arperatoB. U3BeCTHO, YTO Ol-CUHYKJIEUH MOXKET MOKWUIATh HEMPOHBI, BHIXOIUTh
BO BHEKJIETOYHOE MPOCTPAHCTBO, TepeAaBaThCs APYIMM HEWpOHAM MO MPUOH-TIOTOOHOMY
MEXaHU3My, a TaKXKe 3aXBaThIBaThCsl aCTPOLUUTAMU U MUKPOIJIMOLMTAMU TIyTEM peLieT-
TOP-OIIOCPEIOBAHHOTIO 3HAOLIMTO3a U (parourosa [5—7]. B ¢Bs3u ¢ 3TUM mouck dpapma-
KOJIOTMYECKUX MpPenapaToB WJIM UHbBIX MOAXOA0B, LIEJIbI0 KOTOPbIX OYAET CHUXKEHUE LI~
TOTOKCUYHOCTH, MpPEIOTBpalllcHUe HAKOIUICHUSI W PAaCIpPOCTPaHEHUs! O-CUHYKJIEMHA,
MPENCTaBJISIETCS] BECbMa BaXXHBIM M aKTyaJIbHbIM HaIlpaBJICHUEM.

OnHuM U3 HaKTOPOB, MPUBOASIIMX K aKKYMYJISILIMU O(-CUHYKJIEMHA B HEWIpOHax, sIB-
JISIETCST pa3BUBAIOIIEECsT C BO3pACTOM CHUXKeHHe 9(D(HEKTUBHOCTU pabOTHI CUCTEM Jerpa-
naluu 0eKOB — YOMKBUTHUH-TIpoTeacoMHoii cucteMmbl (YIIC) u ayrodaronm3ocoMHOI
CUCTEMBbI, 00€CIIeUMBAaIOIIMX MTPOTEOIN3 BHYTPUKIETOUYHBIX aOepPaHTHBIX OCIKOB U UX
arperaros [8]. JApyrumM npeapacrnosiaraloliiuM K HAKOTUIEHUIO Ol-CUHYKJIeMHa (aKTOpOM
MOXeT OBITh YXYAIIeHNE KJIMPEHCA Pa3IMIHBIX META00IUTOB (1 B TOM YMCJIe — aMUJIOW-
JIOTEHHBIX OEJTIKOB) M3 TTApEHXUMBbI TOJIOBHOTO MO3Ta, TIPOUCXOISIIEE B Pe3yJbTaTe CHIDKe-
HUS KauyecTBa paboThl MexaHM3Ma, MOJTyYMBILIETO Ha3BaHUe “TuMdarnyeckas cuctema” [9,
10]. ComnacHo IpemIoXeHHOI TUIoTe3e, 3Ta CUCTeMa o0eclieuYrBaeT BhIBeIeHE MeTa-
0OJIUTOB M aMUJIOUIOTEHHBIX OEIKOB B JJUKBOP, OTKYAA MOTOM OHU MOTYT 3JIUMUHUPO-
BaTbCsl MPU y4aCTUU MEHUHTEaJbHBIX JUM(PATUUECKUX COCYIOB M TITyOOKMX IIEHHBIX
muMmdatndeckux y3noB [9—11]. [1pennonaraercsi, 4To JUKBOP MOXKET MOCTYIATh B TOJIIILY
MO3ra BIOJIb apTePHOJI, OKPYKEHHBIX OTPOCTKAMU aCTPOLIMTOB, (POPMUPYIOIITUMU TeMa-
TosHIIehanIecKuii 6apbep. Ha oTpocTKax acTpoOIMTOB pacrojiaraeTcsl CeJleKTUBHBIN
BOMHBINA KaHaj akBaropuH-4 (aquaporin-4, AQP4), asisiomuiica Haubosee pacnpo-
CTpaHEHHBIM B LICHTPAJIbLHOI HEPBHOM CUCTEME TPEICTaBUTEIEM CeMeCcTBa aKBaropu-
HOB. Bxopsias B coctaB JUKBOpa Boaa ¢ nmoMoiinbio AQP4 rocTynaer B TKaHb MO3ra,
CTIIOCOOCTBYSI BBIBEIEHUIO METaOOJIMTOB M3 TKAHU MO3Ta B JIMKBOP UISI TIOCJIEeMytoleit
SJIMMUHALIMY TIPU YYACTHU JTUMGbATUIECKOM cucTteMbl. OIHAKO ClielyeT OTMETUTh, YTO
MEXaHM3MBbI, 32 CUET KOTOPBIX JOCTATOYHO KPYITHbIE OEJTKM MOTYT OBITh BBHIBEIECHBHI B
JIMKBOPHYIO CUCTEeMY, Bce ellle He u3ydeHbl. HecMOTps1 Ha OTpOMHBII MHTEpEC MCCaeno-
BaTesieil K muMbaTUIecKoi CUCTeMe U €€ POJIM B Pa3BUTUU Pa3IUYHBIX HEBPOJIOTHUYE-
CKMX PacCTpPOMCTB, MPEACTABJICHUS O Hell oKa HeJlb3sl Ha3BaTh OKOHYATEJIbHO chOpMU-
POBaHHBIMM M3-3a psila MIPOTUBOPEUMii U MTPOOETOB B 3HAHMU OTHOCUTEJIBHO MEXaHU3-
MOB ee¢ (DYHKIIMOHUPOBAHUS 1 opranmu3anuu |11, 12].
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Bonnblit kananm AQP4 siBiisieTcsl KJTIOYeBbIM YYaCTHUKOM DIMMMATUUECKO CUCTEMBI,
M ero BaxkHeleil ¢pusnonorndyeckoit GyHKIMEH MOXHO Ha3BaTh y4acTUE B PETYISIIIAN
BOIHOTO U MOHHOTO OaylaHca B TKaHU Mo3ra [ 13]. B HacTostiee Bpemst aKkTUBHO MCCIIEIY -
ercsa poinb AQP4 B maToreHe3e HeiipomereHepaTUBHBIX 3a00JIeBaHUI, OMHAKO MTOKA OC-
HOBHOE€ BHUMaHNE COCPEA0TOYeHO Ha 6ojie3Hu AnbireiiMepa. [lokazano, yro rmumda-
TUYecKasl cucteMa 00ecrieurBaeT BbIBEICHUE aMUJIOUIOTE€HHBIX OEJTKOB U3 MapeHXUMbI
rOJIOBHOT'O MO3ra B MOJEgX 00e3HN AnblireiiMepa y XXuBoTHbBIX [ 14, 15]. OnHako cTe-
TMeHb BO3AEMCTBUS 3TOM CUCTEMBI Ha yIaJeHUE MaTOJIOrnIecKuX hopM O.-CUHYKJIeMHa
13 Mo3ra u nporpeccupoBanue [lapkuHcoH-nogoO6HbIX TTpu3HakoB BIT ocraercs mio-
X0 M3y4yeHHoit. JlaHHbIe, UMeIolIrecs B IMTepaType, MpearnojararoT HaTn4rue B3anuMo-
CBSI3U MexXny PpyHKIMoHanbHOI akTUBHOCThI0O AQP4 1 BIl. BrisiBieHa oTpuniatenbHas
KOppeJIsius MeXIy coaepXaHueM O.-CUHYKJIEMHa U YpoBHeM aKcrpeccuu AQP4 B Bu-
COYHOI1 KOpe TOJI0BHOIO Mo3ra y nauueHToB ¢ BIT [16]. Kpome Toro, 66110 0GHapyKe-
HO, UTO OTpe/esieHHbIe BapMaHThl OMHOHYKJIEOTUIHOTO moauMopdusma reHa Agp4 co-
MpsIKEHBI ¢ 60siee BBICOKUM pUcKoM pa3Butus BI1 u mosiBieHneM KOTHUTUBHBIX Hapy-
meHwmii [17, 18].

CBs13b MeXIy TUcYHKIMEH rmruMbaTrdecKoro KjinpeHca u natonorueit BIT mocre-
neHHo nonarepxkaaercsd U B Mofaensix BIT y xkuBoTHbIx. [TokazaHo, 4TO Tpu BBEAEHUU
HOKayTUpOBaHHBIM 110 AQP4 mbItiam huOpUILT O-CUHYKJIEMHA B JOPCAJIbHBIN CTPUATYM
yepe3 3 Mecsdlila oTMevaeTcsl ycuJieHHoe HakoruieHue gochopuarpoBaHHoro 1o Serl29
Ol-CUHYKJIEMHa B COCTaBe arperaToB B 1OPCaAJIbHOM cTpuatyme, Kope Mo3ra u ku4C, co-
MpOBOXKIaoIIeecs yBeJIMYEHUEM ynciia moruomux JIA-epruyeckux HepoHOB U yCYryo-
JIEHWeM MOTOPHBIX HapylueHwuii [19]. CnenyeT oTMETUTB, 4TO yepe3 6 MecsiiieB B KuUC, B
OTJIMYME OT APYTMX UCCIIEyeMbIX CTPYKTYP, ObUIO OTMEUEHO CHUXKEHME KOJIMYEeCcTBa ar-
peraTtoB O.-CUHYKJIEMHA, OMHAKO UX COoiepXaHue y HoKayTupoBaHHbIX 110 AQP4 Bce paB-
HO OBLJIO BBILE, YEM Y MbIIIIE JUKOTO TUMA. ABTOPBI IPUXOISAT K BBIBOY, YTO CHUXKEHUE
akcrnpeccuud AQP4 MoxeT ycyry6isath [1apKMHCOH-TTOOOOHYIO MAaTOJIOIMI0, 1 BO3MOX-
HOI MPUYMHOM SIBJIsIETCS HapyllleHue muMdaTrieckoro nytu. B apyrom uccienoBanuu
OBLJIO TIOKAa3aHO, YTO Y HOKayTUPOBaHHBIX M0 AQP4 MbIlieii, y KOTOpbIX MHIYLIUPOBAIU
oBepakcnpeccuto yeaoBeueckoro AS3T a-cuHyknenHa B Ky C, oTMeuaercs: ycujieHHOe
HaKOIUIEeHWE MOHOMEPOB Ol-CUHYKJIEMHA Yepe3 2 Hele/u Tocjie Havajla SKCIIepUMEeHTa,
YTO, IO MHEHMIO aBTOPOB, YKa3bIBAET HA TeCHOE B3anmoaeicTBue mexay AQP4-omocpe-
NIOBAaHHOH IMMUM@ATUYECKON CUCTEMBI U Ol-CUHYKJIEMHOM, HaXOJISLIMMCS B MapeHXuMe
mo3ra [20].

OmHaxko 115 6oJiee ToJIHOro mnoHnMaHus poiau AQP4 B BeIBeneHUM 13 ITAPEHXUMEI TO-
JIOBHOTO MO3ra I1aToJ0rnueckux (opMm O-CUHYKJIeMHa, XapakTepHbIX 1jis1 BI1, Heo6xo-
JIUMO HCITOJIb30BaHUE HE TOJIbKO HOKAYTUPOBAHHBIX 110 AQP4 XXMBOTHBIX, HO M APYTUX
MOIXO/IOB, HAaMpaBJIeHHbIX Ha HapyuieHue dyHkimoHnuposanuss AQP4. Kpome Toro, Ta-
KHMe VCCIIeIOBaHUS TPeIycMaTPUBAIOT MCITOJIb30BAHUE Pa3HBIX MO TMAaTOTeHETUYeCKOM
3HauumocTu Mogeneit bI1y xxuBoTHbiX. PaHee B Halieit 1abopatopun Ha OCHOBE YTHETe-
Hug akTuBHOCTU YIIC B roJJ0BHOM MO3re C MOMOIIbIO JTAKTAllMCTUHA, CO3IaHbl MOJIEIN
MOKJIMHUYECKON 1 KanHudeckoii ctanuii BI1 y kpeic [21]. DTa Monenb maToreHeTU4eCcKu
000CHOBaHa 1 MO3BOJISIET BOCIIPOU3BECTU MPU3HAKU O-CUHYKJIEMHOBOI MaTOJIOTUU, a
TakXke Apyrue naroMopdoyiornueckrue, HEMPOXUMHUIECKHUE U TTOBEAeHUYECKHE TTPU3HAKHU
BIT [8, 22—25]. B uccienoBaHuu, BHINIOJIHEHHOM HaMU paHee, ObIJIO0 YCTAHOBJIEHO, YTO
(dapMaKoJIOrn4ecKoe MHTMONpOBaHNE aKTUBHOCTY BomHOro KaHaima AQP4 B makrauucTu-
HOBOI MoJiesn TokIMHuYeckoit ctanuu BIT y Kpbic MpUBOAUT K MPOrpeccCUpoBaHUIO HEM-
polereHepaly B HUTPOCTPUATHOM CUCTEME M IIPU3HAKOB MOTOpHOTO neduiuTa [26]. Ha-
MU BbICKa3aHa rurnore3a, YTO MporpeccCupoBaHue HelpoaereHepalu U MOTOPHBIX Ha-
PYIIEHUI TIPOUCXOIUT M3-3a YCWJICHHOTO HAKOIUICHMSI TaTojiornyeckux ¢hopm Oenka
o-cuHykjIenHa B TKaHu K44 C BeieacTBue cHXKeHUs1 aktTuBHocT AQP4-omocpenoBaH-
HoIi uMdaTrdecKoil cucTemMbl. 3amadya HaACTOSIIETO UCCIeN0OBaHUSI — BBISICHUTD, MIPU-
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BOJUT JIN (papMaKoJIOrMYecKoe MHIMOMpOBaHUE aKTUBHOCTH BogHOTo KaHaina AQP4 B ro-
JIOBHOM MO3re K YCUJIEHUIO Ol-CUHYKJIeMHOBOI maToyiorur B K44 C B Mmonenu BIT y kprbic.

METO/bl MCCJIIEJOBAHUA

Kusomuobie

OKCMeprUMEHThI ObUTH BBITTIOJIHEHBI HA B3POCHBIX caMllaxX KpbIc Tonyiassuuu Bucrap B
Bo3pacte 6—7 Mec. 1 Maccoii Tea 350—400 r, BeIpallleHHBIX B BUBapuut MHCTUTYTa 3BO-
JMOLMOHHOM dusnonoruu u ornoxumuu um. .M. CeuenoBa PAH. )KUBOTHBIX conepka-
Jin B BUBapruu MHCTUTYTa C HEOrpaHUUYEHHBIM JOCTYIIOM K TTUIIE 1 BOJIE TPU €CTECTBEH-
HOM OCBEILIEHUHU U TeMIlepaType Bo3myxa 21—23°C.

ﬂusaim JKcnepumernma U npumeHsemsle npenapamal

Jlnst mccnenoBaHus HaMU ObLTa BeIOpaHa xpoHndecKast Monesrb BIT y kpric, pa3pabo-
TaHHas B JJAOOPATOPUM CPaBHUTEIHHOU TepMOGU3NOJIIOTUY M CO3AaHHAasI ITyTeM yTHeTe-
Husa aktuBHocTH YIIC B HurpocrpuatHoii cucteme [21]. JaHHas Momenb MO3BOJISIET
BOCITPOU3BECTU OCHOBHbBIE MATOGU3NOJOTMYECKUE MPU3HAKU TOKJIMHUYECKON U KITUHU -
yeckoit ctaguit BIT y xpbic (pa3BuTHe O.-CUHYKJIEWMHOBOI MMaTOJIOTUM, HelpoaereHepa-
TUBHOTO TIpollecca B HUTPOCTPUATHOM CUCTEME U MOTOPHBIX HapylieHuit). s yraere-
HUSI aKTUBHOCTH TPOTEAaCOM MCITOIb30BaIN CIeIIM(UIeCKUT MHTUOUTOP X (hepMeHTa-
TuBHOM akTtuBHOCTH jaakrtaumctuH (JIL) (Enzo Life sciences, BenukoGpuraHus).
Beenenue JILI ocyiecTsiasuin AByKpaTHO 1 OmnatepaibHo B K4YC B mo3ax 0.4 MKI/MKII
(nepBast Mukpounbekiust JIL) u 4.0 Mxr/Mki1 (Bropast Mukpounbekuus JIL). MuTepBan
MEXIy BBEIEHUSIMU COCTaBJIsLI 7 mHeit. s uccienoBaHusl BAUSIHUSL (hapMaKOJIOTH-
yeckoro uHrubuponaHuss AQP4 Mbl TIpUMeHSUIM WHTUOMTODP 2-(HUKOTMHAMMI)-
1,3,4-tnanuaszon (2-(nicotinamide)-1,3,4-thiadiazole, TGN-020). [Ipenapat 6bL1 CUH-
te3upoBaH B.A. [TonykeeBoiM (AO “Bekron”, Cankr-IleTepOypr) B Bume HaTpueBOii Co-
JIV 71 TIOBBIIIIEHUST PACTBOPMMOCTHM COTIACHO METOAMYECKHM TPOTOKOJIaM pa3padboT-
YMKOB mpernapartoB [27]. Pemenue oTka3zaTbcsi oT KoMmMepuyecku noctyrnHoro TGN-020
OBLIIO OOYCJIOBJIEHO TEM, UTO 3TO BEIIECTBO IIOXO PACTBOPSIETCS B BOIHBIX PacTBOpaX.
JIist ero pa3BeneHUsT Hy>KeH TUMETUICYJILMOKCUIT, TPUMEHEHNE KOTOPOTO JIJIsl BBEIEHUS
B JIMKBOPHYIO CHCTEMY OBLIIO HEXXeTaTeJIbHO U3-3a BO3MOXKHOTO TOKCUYECKOTO 3(hdekTa.
TGN-020 BBOOMIM B GOKOBOI1 Keayaouek Mo3ra B mo3e 40 MKT U B oObeMe 6 MKJ 3a
15 muH oo BBeneHwus JIL. Mcnonab3yemMast no3a Obl1a mogoopaHa Mpy BHIIIOJIHEHUY TIPE-
LIECTBYIOLIETrO uccaeaoBanus [26]. Mcmoab3yeMble B UCCIIEA0BAHUM MPEIapaThl pacTBO-
psiav B ctepuiibHOM ocdaTHo-cosieBoM Oydepe (phosphate buffered saline (PBS), ripo-
nyiieHHoM 4epe3 ¢uibrp-Hacanky Ha mnpul (PVDF, 0.22 mxMm, Jet Biofil, Kopes).
CrepuibHblii PBS mpuMeHsIcs B KauecTBe KOHTPOJILHOTO pacTBOpa.

J71s1 BEITIOJTHEHUS KICCIIEIOBAHMS ITyTeM TTPOCTOM paHAOMU3AIINY ObITH chOpMUPOBa-
HBI CJICAYIONIHE TPYTIITHI JKUBOTHBIX:

I'pymna 1. Kontpons PBS + PBS (n = 6 (MMMYHOOGIOTTUHT) U # = 6 (MMMYHOTHUCTOXHU~
muueckoe uccienoBanue (MI'X)); sBenenue PBS (koHTponbHOIO pacTBopa) B JIeBblit 60-
KoBoii xenynouyek u B Ku4C);

I'pynma 2. TGN-020 + PBS (rn = 6 (ummyHOOmOTTHHT) U n = 6 (UT'X); BBeAeHME
TGN-020 B neBblit 60K0BOI keaynouek 1 PBS B ku4C);

I'pyrmma 3. LC + PBS (n = 6 (umMyHoG0oTTHHT) U n = 6 (IT'X); BBenmeHue PBS B je-
BEI1 60k0BOIi kesrynodek 1 JIL (LC) B ka4C);

I'pyrnma 4. LC + TGN-020 (n = 6 (ummyHo6morTiHr) U 1 = 6 (UT'X); BBenenue TGN-020
B JieBbIii 60k0Boi1 xenynouek u JILL (LC) B ka4 C).

ITpu npoBeaeHNN TaHHOTO UCCIEIOBaHUS U 06pabOTKe Pe3yJIbTaTOB CJIEITbIe METOIbI
HE MPUMEHSLINCD.
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ﬂpoee&eﬂue onepauuu nNo 6XCUBJACHUIO npoeodﬂmux KAaH1b
U MexXHUKa 6bINOJIHEeHUA MquOqueKuuﬁ npenapamoe

JJ1s1 ycTaHOBKU TIPOBOASIIIMX KaHIOIb KMBOTHBIX HAPKOTU3UPOBAIM C UCMOJIb30Ba-
HueM mpenapata 3ojeTuia (Zoletil®, Virbac, ®panuus), B 103e 60 Mr/Kr, BHyTPUMbI-
IIEYHO) M MOMeIaiu B cTepeoTakcuueckoe yctpoiictBo (Narishige, Amonust). Kanwonu
pacrnoJiarajii CorJIaCHO TaHHBIM aTjaca TOJIOBHOTO Mo3ra JUisl KpbIC TMHUM Buctap [28]
no kKoopamHataM: KIYC — 5 MM KaymajibHee OperMbl M 2 MM CJI€Ba M CIIpaBa OT CaITH-
TaJILHOTO I1IBa U Ha IIIyOUHY 5.5—6 MM, JIeBbIil 60KOBOI1 xxenyaouek — 0.5 MM KaynajibHee
Opermebl, 1.5 MM JtaTepanbHO, 4 MM BITyOb. J11s1 TOTO, UTOOBI 3ahMKCUPOBATh KAaHIONM Ha
MOBEPXHOCTHU Yeperna, MpUMEHsUTH 3yOHoii nieMeHT “AkpoaeHT” (“Croma”, YkpauHa).
[Tocyie oKOHYaHUS oNepaluy KaHIOW 3aKpbIBajld MaHIpEHaMU.

BBeneHue npemnapatoB HaUMHAIM He paHee yeM uepe3 7—10 mHeit mocse omepalivu.
[Tepen BBIMOJHEHUEM MMKPOUHBEKIIUN KPbIC HAPKOTU3UPOBAIM 30JIETUIOM (BHYTpPHU-
MBbIlIEYHO, 45 Mr/Kr), UKcupoBaiu B crepeoTakcuyeckoMm ycrpoiictBe (Narishige,
SmoHms) n BBOOWIM IIpenapaThl ¢ ITomombio mmpuna Hamilton. CkopocTh BBemeHUs
npenaparoB B KaHtoo coctasisiia 0.5 mxin/mun (st TGN-020) u 0.1 mxi/mMuH (st
JIII). Yepes 21 neHb mocie Havyajla BBeIeHUs IIperapaToB KMBOTHBIX HAPKOTU3UPOBAIU
¢ Ucrojib3oBaHueM xyopanruaparta (400 Mr/Kr), 1eKanuTUPOBaIU 1 U3BJIEKAIU MO3T LISt
MOATOTOBKU TPOO IIsi UMMYHOOJIOTTUHIA WX MpernapaToB I UMMYHOTUCTOXUMUYEC-
CKOTO MCCJIeJOBaHUSI.

Becmepn-6a0mmune

st ouienku conepxkanus B K44 C Oenka O-CuHyKJIenHa 1 ero (popmbl, hochoprim-
POBaHHOI B TMoJioxkeHuM Serl129, 6b11 ucnonb3oBaH BectepH-010TTUHT. OOpa3ibl TKAHU
moasra, conepxaiie Ki4YC, roMOreHU3UpOBaan C TTOMOIIBIO TTECTUKA U JIM3UPOBAJIU C
npuMmeHeHueM Oydepa Radioimmunoprecipitation Assay (RIPA) buffer ¢ no6asneHuem
KOKTeliIst mHrnouTopoB npotea3 (Sigma, CIIIA) u ¢pocdaras PhosStop (Roche, 11IBeii-
mapust). 3aTeM JU3aThl TKAHU LEHTPUGMYTUPOBAIM U M3MEPSITIM KOHIIEHTPAIIMIO OeJika B
cynepHaTaHTe ¢ TOMOIIbI0 Habopa MJIsT KOJIOPUMETPUIECKOTO ONpenesieHus 6eka ¢ uc-
MoJib30BaHUeM OMLIMHXOHUHOBOM KucaoThl (BCA) (Servicebio, Kutait). [Tpo6s1 pacTBo-
psuUIi B OMHOKpaTHOM Oydepe mist HaHeceHus pod (SDS — 2%, TrisHCIpH 6.8—62.5 MM,
outepoi — 10%, 6pomdeHooBbIi cuHuii, B-Mepkanroaranon — 10%), mociie 4ero Bbi-
TOJTHSIIA TEPMUYECKOe TeMacKUpOBaHWE aHTUTeHa MpH TemiiepaType 99°C B TeueHMe
8 muH. KonugecTtBo 6e1Ka, BHOCMMOTIO B JIYHKY, cocTtaBisio 20 MKr. Kaxmbrii reiab co-
nepKaj mpoObl, MOJydeHHbIE Y OT KOHTPOJIBHBIX, U OT 9KCTIEPUMEHTATbHBIX SKUBOTHBIX.
Pasznenenue 6enkoB Mpou3Boawn B 11%-HOM MoOJUaKpWIaMUIHOM relie 1o JIamMmMiu ¢
noMolibio a5ekTpodopesa B kamepe Mini-Protean (Bio-Rad, CIIIA). ITocie pasnene-
HUs 6enku 13 reiist nepeHocunn Ha PVDF-mem6pany (Bio-Rad, CIIIA) ¢ pazmepom nop
0.22 Mxm. It Toro 4toObl MPEnoTBPAaTUTh Heclelurduueckoe CBSI3bIBAHWE aHTUTEI,
MeMOpaHbl MTHKYOUPOBaJIM B TeueHMe 1 9 Impu KOMHATHOI TemnepaTtype B PBS ¢ no6aB-
nenueMm 0.1% Tween-20 u 5% 00e3XKUPEHHOTO CyXOro MoJIoKa. {711 BBITTOJTHEHUS UMMY -
HOMEUEHUsI MPUMEHSUIU NEPBUYHBIE MOHOKJIOHAJIbHBIC aHTUTEJIA MBIIIM K OOIIEMY O(-CH-
Hykienny (1 : 900, Santa-Cruz, CIIIA), noaukKJIOHaJbHbIE aHTUTEAa KPOJUKa K Ol-CU-
HykJienHy, ¢ocdopunupoBanHomy B monoxenun Serl29 (1 : 700; Elk, Kwurait) u
koHTpomo Harpy3kuu GAPDH (1 : 3000; Affinity, Kuraii). MHKy06alnio BHIITOTHSIIA B TE-
yeHue Houu Ipu 4°C 1 MOCTOSTHHOM OepeKHOM TMepeMelInBaHuu Ha Lieiikepe. B padote
HCITOJIb30BaHbl BTOPUYHBIE aHTUTEA KO3bl K KPOJIUKY U MbIIIN, KOHBIOTUPOBaHHBIE C
nepokcunaszoii xpeHa (1 : 10000; Jackson’s Laboratories, CIIIA), nHKy06al1io IpoBOIANIN
B TedeHUe 1 4 mpy KOMHATHOM TeMneparype. JIJ1s1 BbIIBJIeHUSI IEPOKCUAA3HON peakiuu
npumeHsiin Ha6op ECL Immuno-Cruz (Santa-Cruz, CIIIA) u cucrtemy reib-10KyMeH-
tupoBanus ChemiDoc TM (Bio-Rad, CIIIA). JleHcuToMeTpruueCcKMii aHAJIN3 N300paxke-
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HUIi, TTOJYYEHHBIX C MOMOIIBIO CUCTEMBbI Ieb-ITOKYMEHTUPOBAHMS, OCYILIECTBIISUICS C
nomotikto nmporpammbl Imagel/Fiji (NIH, CIIIA). YpoBeHb ceporo 6eJIKOBBIX TOPOXKEK,
MMMYHOPEaKTUBHBIX K O0IIIEMY Ol-CUHYKJIEUHY U O-CUHYKJIEUHY, (hochopriimpoBaHHOMY B
nosioxxeHun Serl29, OblT CKOPPEKTUPOBaH 1O (POHOBOMY CUTHAy U HOPMHUPOBAH Ha
CHUTHaJI KOHTPOJISI Harpy3ku. CurHai 6emka MHTepeca KOHTPOJIbHOM IPpyIIThl TPUHUMAITA
3a 100% u conocTaBIsiii ¢ HUMU CUTHAJIBI OCTIBHBIX OKCTTIEPUMEHTAIBHBIX TPYIIII.

Memoo noeyuku nHa uaempe (Filter trap assay)

Merton n0oBYIIKM Ha (DUIBTPE OB MPUMEHEH C 11eJIbI0 OLIEHKHU KOJMYeCTBa arperaTton
o-cuHykiaernHa B TKaHu K4YC. JIuzatel KaYC KpbIC THKYOMPOBain B 2%-HOM pacTBoOpe
SDS nipu 98°C B TedyeHune 5 MUH. 3aTeM B JIyHKM KaMmephl JIst 10T-610TTHHTAa Bio-Dot
(BioRad, CIIIA), Ha nHe KOTOpOIi OBLIa pacIlojioKeHa alleTaT-1IeJUTIOJIO3HAsT MeMOpaHa
¢ nnameTpoMm 1op 0.22 MmxM, BHocwiau o 200 MKT Kaxmoro obopasia. Kamepy coenuHsiim
C BaKyyMHBIM HAcOCOM, TIOI Je{CTBHMEM KOTOPOTO PACTBOPEHHBIE OEIKM TTPOXOIMIN
CKBO3b MeMOpaHy, a HepacTBOpMMbIe OeJKOBbIe arperaTbl ocTaBajiuch Ha Heit. Ilocie
3TOTro MeMOpaHy MpoMbiBaiu 0ydepHbiM pactBopoM (10 MM Tris-HCI pH 8.0, 150 MM
NaCl, 0.1% SDS) u 3aTeM TIipu KOMHATHOM TeMIiepaType B TedeHre | 4 MHKyOMpOBaiu B
onokupytomeM pactBope (PBS ¢ 0.1% Tween-20 u 5% 06e3XnpeHHOE CyXO€ MOJIOKO).
Jna MMMyHOMeYeHUsT MeMOpaHy WHKYOMPOBAJIU C TEPBUYHBIMM ITOJTUKIOHATbHBIMU
aHTUTEJIaMM MBIIIU K 0011emMy o-cuHykieuny (1 : 900; Santa-Cruz, CIIIA) B TeueHue
Houu npu 4°C Npu NOCTOSIHHOM GepeKHOM IepeMelIMBaHUU Ha OpOUTAIbHOM IIEeiiKe-
pe. Jasiee ObLIM MPpUMEHEHBI BTOPUYHBIE aHTUTEJIA KO3bI K MBI, KOHBIOTUPOBAHHBIE C
nepokcuaasoit xpeHa (1 : 10000; Jackson’s Laboratories, CIIIA), mepron MHKyOauu co-
cTaByIsiyl 1 4 mMpu KOMHATHO# TeMIleparype. Busyanusanuio mpoBOAWIN ¢ TIPUMEHEHUEM
Habopa ECL Immuno-Cruz (Santa-Cruz, CIIIA) u cucteMbl Ieilb-TOKYMEHTUPOBAaHUS
ChemiDoc TM ((Bio-Rad, CIIIA). AHanmm3 n3o0pakeHusI TaKKe IPOBOIUJIICS C TIOMOIIIBIO
nporpammbl ImagelJ/Fiji (NIH, CIIIA). YpoBeHb ceporo npu okKpaliMBaHUK OeiKa B 9KC-
MEePUMEHTAIbHbBIX IPYIIIaX COMOCTABIISIICSI C YPOBHEM CEPOTO B KOHTPOJILHOM IpyIIIie.

ﬂ@oﬁnoe UMMYHOMeUeHue u ICOH(Z)OKaﬂbHaﬂ MUKDPOCKONUA

st BBITIOJTHEHUST UMMYHOTMCTOXMMMYECKMX MccienoBaHuii Ha kpuoctate (Leica,
I'epmanust) ripu Temmepatype —21... —23°C OBLIM IPUTOTOBJICHEI YepeayIOIIecs Cepruu
(POHTAIBHBIX CPE30B roJIOBHOTO Mo3ra, coaepxaiive ka4 C. TonmHa cpe3oB cocTaBsi-
na 10 MM, nokamu3anysa K94 C ocylmecTBIIsIach COIACHO atTiacy It Kpeic Wistar [28].
Cpe3bsl Mo3ra, HaHECEHHbIE Ha aare3uBHBbIe IIpenMeTHble cTekia Epredia SuperFrost
(Fischer Scientific, CILIA), cymuau B Te4eHUE CYTOK IMPU KOMHATHOM TeMIIepaType B Bep-
TUKAJIbHOM TIOJIOXKEHNHY Y XpPaHWJIM B MOPO3MJIbHOM KaMepe mpu TeMitepaTtype —20°C. s
TOTO YTOOBI BBISICHUTD, TPOUCXOIUT JIM HAKOTUIEHUE O.-CUHYKJIeMHa UMeHHO B JIA-epru-
yeckux HelipoHax K4YC mpu papmakomorndyeckoM nHruomuposanu AQP4 B ronoBHoM
mosre B mozaenu BII, Hamu ObLTO BBIMOJIHEHA MPOLeAypa IBOMHOTO UMMYHOMEUEHUS C
WUCIOJIb30BAHUEM TTEPBUYHBIX MOJUKIOHAJIbHBIX AaHTUTEN KPOJIMKA MTPOTUB TUPO3UHTUI-
pokcuiasbl (TT), CKOpOCTb-TUMUTHUPYIOIIETO (hepMeHTa CUHTe3a MOHOAMUHOB U Map-
kepa JIA-epruueckux HeitpoHoB (1 : 1000; Abcam, BenukoOpuTaHusi) 1 MOHOKJIOHAJTb-
HBIX aHTUTEN MBIIIK K O-cuHykJieuHy (1 : 100, Santa-Cruz, CIIIA). Muky6amus mpo-
Bogwiachk B TedeHue 12 u mpu 4°C. B 3TOM uCcaemoBaHUM ObUIA IIPUMEHEHBI
BTOpPUYHBIE aHTUTea ocyia npoTuB IgG Kponuka, kKoHblorupoBaHHble ¢ CF568 (kpac-
HbI#t curHai, 1 : 500; Sigma, CIIIA) u BropuuHbie aHTUTeNa KO3bI MMPOTUB IgG MbIIIN,
koHblorupoBaHHbiMu ¢ CF488 (3enensnlii curHan, 1 : 500; Sigma, CIIIA). IIpenapatst
ucciaenoBain Ha KoHgokaibsHoM Mukpockorie Leica TCS SL (Leica, lepmanust). 3axBar
M300pakeHus MPOM3BOIWIN Ha 2 HE3aBUCUMBIX KaHaaX. Pe3ynpTupytoiime nzodpaxe-
HUS IOJIydYaIr ¢ IIOMOIIbIo ITporpaMMbl Leica LAS-AF-Lite, mommoJIHUTEIbHBII aHATIN3
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00J1aCTH CMEIIAHHOTO CUTHAJIA U MOATBEPKASHUE KOJOKATU3AILIUY OCYIIECTBIISIICS C TO-
Moo mporpammbl Imagel/Fiji (NIH, CILA).

Cmamucmuueckas 06pabomka pe3yrbmamos

AHanu3 TIOJlydeHHBIX pe3yabTaToB IMpoBoawicss B nporpamme GraphPad Prism 8.
HopmanbHOCTh pacripenejieHus1 TpoBepsuiu ¢ nomoiibio Kputepusi Lllanupo—Yunka,
TOAXOSIIETO ISl aHAIM3a MaJIbIX BEIOOPOK. CTaTUCTUUYECKYI0 00pabOTKy pe3yabTaToB
OCYIIECTBIISIIA C TOMOIIbIO -KpuTepusi CThioAeHTa U ABYX(AKTOPHOTO AUCTIEPCUOHHO-
ro ananu3za ANOVA, c nocienytomum Tukey post-hoc ananuzom. Pazauuus pe3yabraToB
MEXIy TpyHIiaMy CYMTAJIM JOCTOBEPHBIMU MpU ypoBHE 3HauMMocTu p < 0.05, pe3ynbTa-
ThI NPENCTaBIeHbI B BUIe mean = SEM.

PE3VIIBTATBI UCCIIEAOBAHHMA

IIpoBeneHHOE McclieOBaHNE MTOKA3aJio, UTO BBEJIEHUE B TMKBOPHYIO CUCTEMY T'OJIOB-
HOro Mo3ra nHruouropa BogHoro KaHajaa AQP4 coennnenust TGN-020 He IpuBOIMIO K
W3MEHEHUIO YPOBHE 00111eii BogopacTBOpUMOii U MmoauduurpoBaHHoii (Ser129) dopm
o-cunykiternHa B kK94 C (puc. 1a, 1b) mo cpaBHeHMIO ¢ KOHTpoJibHOI rpymroi (PBS + PBS).
CoryiacHO JaHHBIM, TIOJIyYeHHBIM € TIOMOIIBIO MeTOAa “JIOBYLIKM Ha (pUJIbTpe” M KOH-
doxkanbHOIt MuKkpockoruu, TGN-020 He BbI3bIBAET MAaTOJIOTMYECKOI arperaluu 6eaka ¢
¢dbopMrpoBaHUEM HEPACTBOPUMBIX BKIIIOUEHUI O--cuHyKiernHa B K44 C (puc. 1¢). Ha pe-
3yAbpTUpYIoIeM n3oodpaxeHnu cpe3oB K914 C B JIA-eprudyeckux HelipoHaxX P BBEACHUN
TGN-020 He oOHapyXuBaeTcsl arperatoB O-CMHykJienHa (puc. 2a—2c). [lomyuyeHHbIe
JNaHHbIE CBUIETEILCTBYIOT O TOM, YTO caMo 110 cebe nmpumeHeHrue TGN-020 He BbI3bIBaeT
pa3BUTHUS TIPU3HAKOB O-CUHYKJIEMHOBOI maTosiornu. PaHee HaMu ObLIO YCTaHOBJIEHO,
yTto BeiOpaHHast 1o3a TGN-020 He npuBoauia K pa3BUTHIO HEWPOIeTeHEPATUBHOTO TTPO-
1ecca B HUTPOCTPUATHOM CUCTEME U TTOSIBJICHUIO MOTOPHBIX TUCOYHKIII [26].

[asiee Mbl MoKa3aau, YTO B IPYIIIE KPbIC, KOTOPHIM BBOIWJIM MHTMOUTOP MPOTEACOM
JIIL (PBS + LC) nnsa monenupoBanus BII, orMeuaeTcs yBeiqnueHue YpoBHsI 00Ieit Bo-
nopacTtBopuMoii u pocoprmpoBaHHoit o Ser129 ¢popm o--cruHykierHa B TKaHU KUu4C
¢ ¢bopMUpOBaHUEM HEPACTBOPUMBIX arperaTtoB O.-CMHyKJenHa (puc. la—1c), 4yTo xapak-
tepHo st BII. Arperatbl O.-CMHYKJIEMHAa CPEIHMX Pa3MEPOB BU3YAITU3UPOBAIUCH HE
TOJILKO B IIMTOIUIa3Me, HO U B saapax JIA-eprmyeckux HelipoHOB K4YC (puc. 2h, 2i). Ar-
peraiys Ob1a cnenuduIeckoit 0co0eHHOCThIO JIA-HEeIPOHOB 1 He HaOII01aIach B MO3-
re >XKMBOTHBIX, IToJy4aBIIUX ToJbKO PBS. CxomHble pe3yabTaThl ObLIM ITOJYYE€Hbl HAMU
paHee 1ipu MoaearpoBaHuu BIT y kpbic ¢ momoisto JILI [21, 22]. B uccnenoBanuu, Bbi-
TMOJIHEHHOM HaMU paHee, ObLJIO TTOKa3aHo, YTo ucrojibdyemast JIL[-Monenb xapakrepuso-
Bajiach JOTMIOPOTOBBIM YPOBHEM HEWPOJETreHEepaTUBHOIO IMpoliecca B HUTPOCTPUATHOM
cucteme (MeHee 50% moru6imx HeiipoHoB B KYUC) M He CONpoBOXIANACh pa3BUTHEM
MOTOPHBIX HApYILIEHUIA, YTO CBUIETEIbCTBOBAJIO O COOTBETCTBUU NOKJIMHUYECKOM CTa-
nuu BIT [26]. BeisicHeHO, 4TO BBeaeHue MHruoutopa AQP4 XuBoTHBIM B Moaeiau BIT

Puc. 1. Brusinue TGN-020 Ha conepxxaHue o61ueit u pochopuinpoBaHHoit B nojoxeHuu Serl29 ¢opm o-cu-
HYKJIEMHA M Ha KOJIMYECTBO €To arperaroB B YePHO# CyOCTaHLMU B JJaKTalMCTUHOBOI Monenu BITy Kpeic.

(a) — o-cuHyKiIenH (o61ast hopma); st Kaknoi rpymsl # = 6 (Interaction F(1, 20) = 5.6; p = 0.03; “TGN-020"
factor F(1, 20) = 8.7, p = 0.008; “LC” factor F(1, 20) = 253.6; p < 0.001)).

(b) — o-cunykienH (bochopunupoBanHas opma), Wi Kaxaoi rpyrmsl # = 6 (Interaction F (1, 20) = 12.6;
p =0.002; “TGN-020" factor F(1, 20) = 22.8, p <0.001); “LC” factor F(1, 20) = 144.2; p <0.001)).

(C) — O-CUHYKJIEUH (KOJIMYEeCTBO arperaTon), mjst Kaxaoit rpymmsl # = 4 (Interaction F(1, 12) =48.9; p < 0.001;
“TGN-020" factor F(1, 12) = 46.1, p < 0.001; “LC” factor F(1, 12) = 324.6; p < 0.001)).

*** _ p <0.001 — 1OCTOBEPHOCTD Pa3IMUMi IO CPAaBHEHMIO C KOHTPOJIEM;

## —p <0.01, ### — p< 0.001 — gocroBepHOCTh pasnmuuuii Mmexay JILL u TGN-020 + JILI.
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Puc. 2. Biusinue TGN-020 Ha comepkaHue O.-CHHYKJIeUHA B JIA-epruyeckux HeiipoHaX KOMIAKTHOM 4acTu
YepHOI cyOCTaHLIMY B JJaKTaLMCTUHOBOM Monenu BIT y kpric.

KonbokanbHast MUKPOCKOTIHSI, MaciiTad 50 MKM: IBOITHOE MMMYHOMEYEHHUE C TPUMEHEHUEM aHTUTET TTPOTUB
Tupo3uHruapokcunasbl (TI; 3eneHblit curHall) M O-CUHYKJIeMHa (KpacHblii curHai). Ha pesyabTupyrommx
M300paKeHUSIX CTPEJIKaMU TTOKa3aHbl arperaThl O.-CUHYKJIEUHA.

(TGN-020 + LC) BrI3BIBacT 600Jice BEIPaXXeHHOE HAKOIIEHNE MAaTOJIOTMIEeCKUX (popM
O-CUHYKJIeMHa. Mbl oTMeYau NpUpOCT YpPOBHEM 0011eil BogopacTBOpUMOii (hopMbl
o-cuHykJienHa B 1.3 paza u ¢ochopunupoBaHHoii Serl129 dopmbl — B 1.4 pasa (puc. la, 1b) B
k949 C mo cpaBHEHMIO C MOJEIHbHLIMU XUBOTHBIMM, He ntoirydaBiminMu TGN-020. Kpome
TOrO, B 3TUX OIbITaX OTMEUEHO YCKOPEHHOE arperupoBaHue O.- CHHYKJIEMHA, O YeM CBU-
NIeTEeJIbCTBOBAJIO YBEJIMUEHNE KOJMYECTBA HEPACTBOPUMBIX arperaToB O.-CMHYKJIEWHA B
k94YC B 1.9 pa3sa (puc. 1c). O6 3TOM CBUAETEILCTBOBAJA MHTEHCUBHOCTh OKpAIlIBAHUST
CJIeI0B HEpPaCTBOPMMOTO O-CMHYKJIEMHA, KOTOPBI OCTaJICsl Ha alleTaT-lLe/UTIOJ03HOM
MeMmbOpaHe Tociae QuibTpauuu (puc. 1c). DT maHHBIE COIIACYIOTCSI C pe3yIbTaTaMu
MOP(dOJIOTUYECKOTO aHaln3a, CBUACTEILCTBYIOIIETO O HAKOIUJIEHWM arperatoB O-CU-
nykienHa B JIA-eprudeckux HelipoHax K44 C npu BBeneHun TGN-020 (puc. 2j—1). Takum
00pa3oM, MOXHO 3aKJTIOUYUTh, YTO (hapMaKOJIOTHIeCKOe UHTMOMPOBaHNE aKTUBHOCTU BOI-
HOTO KaHajia MPUBOAMT K YCWICHUIO XapakKTepHbIX i BI1 rmpr3HakoB O-CUHYKJIEMHOBOM
MaToJ0TUU. DTU JaHHBIE COIIACYIOTCS C PE3yJIbTaTaMu IPEIIeCTBYIOIETO UCCIeN0BaHUs,
B XOJIe KOTOPOTO HaMH ObLI0 MokKazaHo, uTo npuMmeHeHue TGN-020 B ycnousix JILI-mo-
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nenu BIT BeI3pIBaIO ycueHUE HelipoaereHepaTUBHOIO Mpoliecca B HUTPOCTPUATHOM CH-
cteMe, cHkeHue conepxanust TT B JIA-epruuyeckux HeMpoHax, pa3BUTHUE CEHCOMOTOP-
Horo aeduuuTa M MOSIBJIEHUE MPU3HAKOB AUCHYHKIIMU TOHKON MOTOPMKHU MEPETHUX
KOHEYHOCTeI, pTa U g3bIKa [26].

OBCYXIEHMUE PE3VIIbTATOB

JJ1st TOro 4TOOBI BBISICHUTH, TPUBOIUT JIM (papMaKoJIOTUUYECKOEe MHTMOMPOBaHUE aK-
TUBHOCTU BomHoro kaHaia AQP4 B roaoBHOM Mo3re K YCHJIEHHOMY HAaKOIUICHHUIO B
k44 C nmatojiornyeckux ¢opm O-cuHykjaeuHa, Mbl npuMeHuan JIL-monens BII y kpric,
TSI KOTOPOM XapaKTepHbI NMIPU3HAKU O/-CUHYKJIEMHOBOM MATOJIOTMU. DTO MPOSIBIISIIIOCH
YBEJIMYEHUEM CONIepKaHUsI 0011ieii BOIOPACTBOPUMOiT (pOPMbI O-CUHYKJIEMHA 1 00pa30-
BaHMEM HEepacTBOPUMBIX arperatoB O.-cuHykjenHa B JIA-epruyeckux HeitpoHax k44 C.
OTH JaHHBIE COTTIACYIOTCS C yXKe ONyOIMKOBAHHBIMU UCCIEIO0BAHUSIMU 110 TON MOJETU
[21, 22, 25]. CnenyeTt otMeTuTh, uTo B JILI-Monenu BIT mbl Takke Habmona1u yBeauyue-
Hue conepxaHus gochopunupoBaHHoii o Serl29 dhopmbl Oi-CUHYKJIEMHA, YTO Xapak-
tepHo st BIT. CornmacHo pacnpocTpaHeHHOUW TouKe 3peHUsl, TaHHask MoauuKaus
Ol-CUHYKJIEMHA SIBJISIETCSI OJHOM M3 HauboJjiee HEMPOTOKCUYHBIX 1 MOXET CIIOCOOCTBO-
BaTh arperupoBanuio 6enka [29, 30].

Mgl oGHapyxuiaH, 4To (hapMakKoJIoOTHYecKoe MHImonpoBaHue aktuBHocTu AQP4 B
JIL-monenu BIT y KpbIC 3HAUUTENBHO YCKODPSIET TMATOJOTMYECKOe HaKOIUIEeHUE O-CH-
HykiernHa B K1Y C; ypoBHU pacTBOPHUMBIX MOHOMEPHBIX (POPM Ol-CUMHYKJIEMHA U MOIU-
dunupoBaHHoit (Serl129) ¢dopMbl 3HAUMTETLHO MPEBHIIIAA YPOBHU, XapaKTepHBIE IS
KOHTPOJIbHBIX MOJEIbHBIX KUBOTHBIX. [Ipn 3TOM HakoIuleHHe O-cMHYyKjJIernHa B K4YC
OBLJIO COTIPSIKEHO C YBEJIWYEHUEM KoJinuecTBa ero arperatoB B K44 C, 4To yKa3bIBaeT Ha
YCKOpeHUe Tpoliecca arperupoBaHust Oenka. Bo3MOXHO, 3TO SIBISUIOCH CIENCTBUEM
ype3MepHoro HaxoruieHus ¢ocdopunupoBanHoit (Serl29) dopmbl O-CUHYKIEUHA.
IMpeamnonaraercsi, 4YTO yCUJIEHUE O-CUHYKJIEMHOBON MATOJOTMU TMPU UHTMOMPOBAHUU
aktuBHOCTU AQP4 B Monmenu BIl mMoxeT ObITh OAHOI M3 MPUYMH IIPOrPEeCCUPOBAHUST
HelipolereHepaluu B HUTPOCTPUATHOI CUCTEME UM TTOSIBJICHUSI MOTOPHBIX HapyIICHUI,
CBUIIETEJIbCTBYIOIINX 00 YCKOPEHUM Tepexoaa OT NoKJIMHuYecKoi ctanuu BIT K KiuHu-
yeckoit [26]. IlomydeHHBIe OaHHBIE YKa3bIBalOT Ha TO, 4yTo AQP4-omocpemoBaHHas
muMdaTuuecKas CucTeMa UrpaeT BaxKHYIO poJib B YIaJIEHUM PACTBOPUMOTO O.-CUHYKJIe-
nHa u3 TKaHu K4YC u ABISI0OTCS elle OAHUM MOATBEPXKIEHUEM, YTO TUCHYHKIIUS BOI-
Horo KaHayia AQP4 MmoxeT ObITh ODHUM U3 MeXaHU3MOB TatoreHe3a bIT.

[IporpeccupoBaHue natojaornyeckux npusHakoB bI1 npu nucdyHKIIMM BOTHOTO Ka-
Hana AQP4 oTtMeueHo 1 B Apyrux McciaenoBaHUsIX. Tak, B MOJEIN O-TTATOJIOTUM Y MbI-
1Ieit, HokayTupoBaHHHBIX Mo AQP4 (AQP4%/7), 06HapykeHO YCKOPEHHOE HAKOIUICHUE
MaTOJOTMYECKOTO Ol-CUHYKJIEMHAa U OCOOEHHO €ro HepacTBOpPUMOIi (popMbI, comepka-
et ocopunupoBaHHbIl O-CUHYKJIeUH Serl29 B cTtpuaryme, 4epHO CyOCTaHIIMU U
moTopHoit Kope [19]. [Toxoxue pe3ynbraThl ObLIU MOJTYYEHBI B IPYTOM MCCIEAOBAHUU,
rme ObUIO YCTAHOBJICHO, YTO MHIYKIIMSI OBepaKCIIpeccum desioBedeckoro AS53T-o-cu-
HykiernHa B YC y Mmbleii, HokayTupoBaHHbBIX 0 AQP4, mpuBoauia K yCUJIEHWIO HaKOILIe-
HUSI O(-CUHYKJIEMHA, COIPOBOXIABIIEMYCSI YBETMYEHUEM Yrciia moruommx JA-epruyeckux
HEWPOHOB U YCWJIEHUEM MOTOPHBIX HapyiieHuii [20]. HegaBHoO moka3aHo, 4YTO MHTUOM-
poBaHUe akKTUBHOCTH BogHoro KaHaima AQP4 ¢ momomsbio TGN-020 B 1-metuin-4-de-
Hui-1,2,3,6-terparugponupunv (MPOTII)-monenu BIT y meleit ycyryoisijio He TOJIb-
KO TIPOLIECC HEMPONETEeHEPALIMUA B HUTPOCTPUATHOMU CUCTEME, HO U PEAKTUBHBII acTpo-
o3 [31]. YeunieHue amuiionoreHe3a U HelipoaereHepalyuy Ipy BBeIeHU UHIMOUTOpa
TGN-020 oTMeueHO U B >KMBOTHBIX MOAEJISIX 00J1e3HM Asblireiimepa [ 14, 15].

TakuM 06pa3om, ToJTydeHHbIE HAMU 3KCTIEpUMEHTaIbHbIE TaHHBIE Y TaHHbIE JIMTepa-
TYpbI OATBEPXKAAIOT 3HAYUMOCTh BOgHOTO KaHaa AQP4 miist BeIBeneHUsI aMUJIOUIHBIX
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6enkoB Mo mmMdpatudyeckomy nytu. Hapyiienne pa6otei AQP4 MoxXeT 3HaYMTEbHO
CHU3UTH 3((PHEKTUBHOCTh IMTUMPATUUECKOTO KJIMpPEHca O-CUHYKJIEMHA 13 MEXKJIETOY-
HOTO MPOCTPAHCTBA, MPUBEAS TEM CaMbIM K YCUJIEHUIO €r0 paclpoOCTpaHEHUs, UHTepHa-
JIM3alu  IPYTUMU  KJIIETKAaMU U YCyTyOJICHUIO HeWpoaereHepaTUuBHOIO Mpoliecca.
B nomnb3y 3700 BepcrMU CBUIETENBCTBYIOT PE3yJIbTaThl SKCIIEPUMEHTOB C BBEIECHUEM O-CU-
HyKJIenHa ¢ (JIyOpeCclieHTHOM METKOI B fopcaibHbIii ctpuatyM 1 ka4 C HOKayTUpOBaH-
HbIM 110 AQP4 MbIiiaM, rae ObUI0 OTMEUYEHO 3aMelJIeHre BhIBeneHus Tpeiicepa [19, 20].
Iloxoxuit 3¢hdekT OblT 0O0HapYyKeH IPU MUKPOUHBEKIIMSIX MEUEHOTO Ol-CUHYKJIEWHA B
k44 C mplmamM, KoTopbsiM BBoawiId uHruoutop AQP4 anerazonamun [20]. OnHako TOY-
HbIE MEXaHMU3MbI BBIBEIEHUS Ol-CUHYKJIEMHA U IPYTUX aMWIOUAOTeHHBIX OETKOB 13 TKa-
HU MO3Ta B JINKBOP OCTAIOTCSl HEM3BECTHBIMU U JIJISI TOTO, YTOOBI UX BBIICHUTD, TPeOyeTCs
MPONOJIKEHNE UCClieNoBaHUi B 9Toi obyacTu. Tak kak AQP4 BoBieueH B peryisiiuio
BOJIIHOTO OOMeHAa B MO3T€, MOXXHO MPEANOJI0XUTh, UTO €ro TUCGhYHKIIUS MOXKET MpUBE-
CTU K HapYLIEHUIO TUIPOCTATUYECKOTO AaBJI€HWSI U MIOHHOTO OalaHCca, U3MEHEHUIO MUKPO-
LMPKYJISILIAM XXKUAKOCTU MEXIY MapaBacKYISIPHbIM, MEXKJIETOYHBIM U BHYTPUKIIETOYHBIM
npoctpaHcTBoM [32]. dedpuuutr AQP4 MoxkeT IMpruBOOUTE K CHIDKCHUIO BHEKJICTOYHOTO CO-
JepXaHUsI MIOHOB KaJIusl U HAKOTUIEHUIO BHEKJIETOYHOIO TJlyTaMaTa U 9KCalTOTOKCUY-
HOCTHU, KOTOpasi, B CBOIO o4epelb, MOXET CIIOCOOCTBOBaTh rudenu dA-epruyeckumx
HeripoHoB nipu BIT [32, 33]. KpoMe TOro, yCTaHOBJIEHO, YTO HOKAyTUPOBAHHBIC MO
AQP4 MbIIM XapaKTepHu30BaJIMCh 00Jiee BBICOKMM YPOBHEM OKHMCJIMTEIBLHOIO CTpecca
B TOJIOBHOM Mo3re [34]. OKMCIMTENbHBINA CTpecC M3BECTeH KaK OguH u3 (haKTOpOB,
npeapacrioyiaralolux K MOCTTPAHCISIIIMOHHONW Moau(UKauu O,-CUHYKJIeuHa 1 arpe-
rauuu [35]. Takum obpazomMm, yxyaureHue padbotsel AQP4 mpuBoguT K pa3HOOOpa3HBIM
HapyleHUsIM MUKPOOKPYXKeHUsI U (DYHKLUMOHUPOBAHUSI HEMPOHOB U APYTUX KIIETOK
mosra. HakomnjieHue O-CUHYKJIEUHA Y IPYTUX aMUJIOUIOTEHHBIX OEJIKOB MOXET OBITh
OAHUM U3 MOCJEACTBUMN 3TUX cOOBITUI. U3BECTHO, YTO BaXXHYIO POJIb B OUMCTKE MEX-
KJIETOUHOTO MPOCTPAHCTBA OT HEMPOTOKCUUYHBIX (POPM Ol-CUHYKJIEMHA U Apyrux abep-
PaHTHBIX OEJIKOB UTPAIOT acTPOLMTHI, ogHaKo auchyHKns AQP4 mMoxeT HapylIUTh
CIOCOOHOCTh 3TUX KJIETOK K 3axBaTy U Jerpamaliuyi O.-CUHYKJIEeWHa, a TaKXe BbI3BaTh
X ru6enb [6]. MUKPOTTUOIUTHI TAKXKE MOTYT MOTJIONIATh O,-CUHYKJIEWMH, OMHAKO TPU
3TOM OHM TaKXe CITOCOOHBI MPOAYIIUPOBATh 3K30COMbI, COllepXKalllMe 3TOT OEJI0K, YTO
CMOCOOCTBYET JajibHEHIIIEMY PACIPOCTPAHEHUIO Ol-CUHYKJIEMHOBOU MaTOJIOTMU U pa3-
BUTHIO HelipoBocnaaeHus [36].

Takum oOpa3om, pe3yabTaTbl HALIUX 3KCNEPUMEHTOB SIBJISIIOTCS €l1e ONHUM IOJ-
TBEPXKIEHUEM CYILIECTBOBAHUSI B3aUMOCBS3U Mexay nucdyHkimeit AQP4 u Hakone-
HUEM O-CUHYKJIEMHA B TOJIOBHOM MO3re Tpu pa3Butuu [lapkMHCOH-TIOM00HOI maTo-
noruu. HanbHeiiee uccinenoBanue poiu AQP4 B KOHTpoJsie BOZHOTrO romMeocrasa,
obecrnieyeHUM OJIATOMPUSITHBIX YCJIOBUM MJIsI (DYHKIIMOHUPOBAHMUS KJIETOK MO3ra W
CBOEBPEMEHHOI “OYMCTKHU” TKAHU MO3Ta OT IIUTOTOKCUYECKUX (DOPM Ol-CUHYKJIEMHA 1
Ipyrux 0eJKOB, YYACTBYIOIIMX B MaTOTeHEe3€ HeU3JIeUYMMbIX HEMPOAEreHEPaTUBHBIX 3a-
OoJIeBaHM, MpENCTaBIISIETCSI BeCbMa akTyalbHbIM. [louck ImyTeil BoO3meiCTBUS Ha
GYyHKIIMOHMPOBaHWE, BHYTPUKIETOYHYIO TPAHCIIOPTUPOBKY U JIOKAJTU3AIIMIO 3TOTO Ka-
Hajla MOXET BHECTU 3HAUMMBIN BKJIad B pa3pabOTKy HOBBIX METOJOB, HAIIPaBJIEHHBIX
Ha NpenoTBpallleHne WIX 3aMelJieHue pa3BuTus [1apKMHCOH-TTOMOOHBIX TTAaTOJIOTUI 1
NPYTUX HellpoaereHepaTUBHbBIX 3a00J1eBaHUIA.
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Pharmacological Inhibition of the AQP4 Water Channel Activity Causes an Aggravation
of Alpha-Synuclein Pathology in the Substantia Nigra
in a Rat Model of Parkinson’s Disease

K. V. Lapshina® *, M. V. Khanina?, M. P. Kaismanova“, and 1. V. Ekimova“®

“Sechenov Institute of Evolutionary Physiology and Biochemistry of the Russian Academy of Sciences,

St. Petersburg, Russia
*e-mail: ksenia.lapshina@gmail.com

The misfolding of the protein a-synuclein, which leads to the formation of neurototoxic
oligomers and aggregates, is one of the main causes of loss of dopaminergic (DA) neu-
rons within the substantia nigra pars compacta (SNpc) in Parkinson’s disease (PD). We
previously found that pharmacological inhibition of the water channel aquaporin-4
(AQP4), participating in the mechanisms of brain clearance of amyloidogenic proteins,
caused the aggravation of neurodegeneration in the nigrostriatal system and the develop-
ment of motor disturbances in a lactacystin model of PD. It was hypothesized that the
progression of neurodegeneration can be a result of the excessive accumulation of patho-
logic forms of a-synuclein due to the AQP4 inhibition. The aim of this study is to deter-
mine whether pharmacological inhibition of AQP4 activity in a rat model of preclinical
PD leads to an aggravation in o-synuclein pathology. The experiments were performed
on male Wistar rats. AQP4 activity was suppressed using the intracerebroventricular in-
jection of inhibitor TGN-020. To reproduce the model of the preclinical stage of PD, a
specific proteasome inhibitor lactacystin (LC) was used. It was injected bilaterally into
the SNpc. Immunoblotting methods and confocal microscopy were applied. The LC
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model of PD was characterized by a pathologic accumulation of total water-soluble and
Ser129-phosphorylated forms of ai-synuclein, as well as by formation of insoluble o.-sy-
nuclein aggregates in the DA-neurons of SNpc. TGN-020 caused a significant aggrava-
tion of o-synuclein pathology in the LC model of PD. It was manifested by a marked in-
crease in the level of water-soluble and modified forms of a-synuclein and by the 1.9-fold
rise in the amount of a-synuclein aggregates in SN. We suppose that the disfunction of
AQP4 which is involved in glymphatic system functioning, can be one of the mecha-
nisms leading to the neurodegeneration and accumulation of amyloidogenic proteins in
brain parenchyma during PD. The water channel AQP4 might be a target for the devel-
opment of new therapeutic approaches aimed at attenuation of the cytotoxicity, accu-
mulation and distribution of a-synuclein during the development of PD-like pathology.

Keywords: aquaporin-4, o.-synuclein, neurodegeneration, ubiquitin-proteasome system,
substantia nigra, Parkinson’s disease
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