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AHHOTALMA

MyTaumu B reHe rnoKouepebposmmassl (GBAT), KooupyloLLeM NM30COMHbIN hepMeHT riokouepebposnaasy (GCase), sBnsa-
I0TCA NPUYMHON PasBMTMA ayTOCOMHO-PEeLLeCCUBHOr0 3aboneBaHus, 6one3Hu MoLe M pakTopoM BLICOKOMO pUcKa 6onesHu
MapkuHcoHa (bM). Puck passutua Bl y Hocutenen romMo- 1 reTepo3vroTHbIX MyTauui reHa GBAT Bospactaet B 8-10 pas,
0[IHaKO He y BCex HocuTenen MyTaumi passuBaetca b1 B TeueHne ®um3Hu. B To e BpemMAa GBA-accoummnpoBaHHaa ¢popMa
bIM (GBA-BIM) coctasnset ot 10 go 30% ot Bcex ¢popM NapKMHCOHM3Ma. MexaHuaMm pa3eutusa GBA-BI1 ocTaétca HemsBecT-
HbIMW. HamMu 1 gpyruMm aBTopamu 6biI0 NMOKa3aHO CHUMKeHMEe aKTUBHOCTM GCase M HaKomneHWe NU30CGUHroNUNMEoB
y naumeHToB ¢ GBA-BI1 Kak B nepudepryeckoin KpoBu, TaK M Knetkax Mo3ra [1, 2]. Mpegnonaraercs, 4to AUCHYHKLMA
GCase MoeT NpUBOAUTL K HapyLLEHWIo ayTodarnm 1 HakonneHuio benka anbda-CMHYKNEeUHa, 0IMroMepM3aL A KOToporo
ABNAETCA KMI0YEBbIM NPOLIECCOM HerpogereHepalum npu bll.

C uenbio 3y4eHna BIUAHKA auchyHKLMM riokouepebposuaassl (GCase) Ha HerpopereHepaumio [OPaMUHEPTUYECKMX HEN-
poHoB ([JA-HeMpoHbI) UCMONB3YIOTCA pa3fnyHble NOAXOAbI, COYETAOLME MOAENMPOBAHUE NApPKUHCOHU3MA C AMCYHKLME
GCase Ha Mbiwax [3, 4]. B HacToALeM MccnedoBaHWMM HamMK BriepBbie NPoBeAeHa oLeHKa akTueHocT GCase, ypoBHA nu3oc-
(GUHrONMNAOB, CTENeHW HeMpoaereHepaLmMm HeMpoHoB YEpHOM cybcTaHumm (UC) koMnakTHoM (MCKy) 1 peTurynapHon (HCpy)
yacTer, YpoBHA JodaMMHa 1 anbga-CUHYKNenHa (06LLEro, 0/IMrOMEPHOro) B MO3re MOESbHbIX MbILLEN C NPecMMNTOMaThye-
CKOWM CTaaMei NapKMHCOHM3MA, KOTOPbIM BBOAMICA HEMPOTOKCUHA 1-MeTun-4-deHunn-1,2,3,6-TetparnaponmpuaonHa (MPTP)
(MPTP-uHOyuMpOBaHHasA NpecUMNTOMaTUYeCKan CTaauA NapKUHCOHM3Ma (OBYKpaTHOe BBeAEHWE B [03e 12 MKI/K C UHTEp-
BaJIOM B 2 4aca)) B COYETaHUM C OOHOKPATHLIM BBELIEHWEM CENEKTMBHOr0 UHrMbutopa GCase KoHayputon-B-anokenaa (CBE)
(100 Mr/Kr). TaK*e HaMW MpOBEAEHO COMOCTaB/IEHNE TPAHCKPUNTOMA NEPBUYHONM KyNbTypbl Makpodaros nauueHToB ¢ GBA-BI1
[5] 1 TpaHcKkpunToMa YC rofoBHOr0 Mo3ra MbILLEN ABOVHOW HEMPOTOKCUYECKOW MOAEN.

WccnepnosaHve nokasano, uto oHoKpaTHasA MHbekumA CBE npueoamt K 50% cHUKeHMio akTMBHOCTU GCase M NoBbiLEeHWIO
YPOBHA M30CPUHroNMNUA0B B Mo3re Mbiwei. BeeaeHune kak MPTP, Tak u CBE npvBoguno K yBennYeHWI0 YpoBHA 0AMUI0-
MepHbIX GopM anbda-CMHyKNenHa B cTpuatyme. pu 3ToM ypoBeHb HepoaereHepauun [A HerMpoHoB YCKY, OLEHEHHBIN
yepe3 14 pHel nocne MHBEKLMM MYTEM MMMYHOrUCTOXMMUYECKOTO OKpaLUMBaHWA Ha TUpo3uHruapokcunasy (TH), 6bin
conocTasum npu BeegeHnn MPTP n CBE — napenne fo 50 1 60%, cooTBeTcTBEHHO. [1BOMHAA HEMPOTOKCUYECKasA MoLeNb
XapaKTepu3oBanach 605iee BbIPaXKEHHBIM CHUMKEHWEM KOHLIEHTpaLun fodaMuHa, HakomnieHeM obLuero anbha-CcuHyKne-
WHa B cTpMaTyMe U bonee BbipakeHHoW HerpopereHepaumeit [A HempoHos B YCpu (70% vs 45% npu BeegeHnn MPTP).
ConocraBnenue anddepeHLManbHOM IKCNPEcCUm FreHoB B NEPBUYHOI KynbType Makpodaros naumeHTos ¢ GBA-BIT no cpas-
HEHWIO C KOHTPOJIEM BbIABMIIO CHUMEHME SKCMPECCUMM TaKMX FEHOB, CBA3AHHBIX C HeiporeHe3oM, Kak JUNB, NR4A2, EGRI.
B 1o Ke BpeMa Kak B rpynne nauuneHtos ¢ GBA-BI (TRIM13, BCL6), Tak n B rpynne Mbiwen ¢ MPTP-uHayLMpoBaHHbIM
MapKUHCOHM3MOM ¢ ancdyHKumen GCase bbina BbiBNEHa aKTUBaLMA FeHoB, BOBNeUYEHHbIX B PI3K-Akt-mTOR curHanbHbIn
nyTb, y4acTBYyIOLWWMIA B perynaumm aytoparuv (Pdk4, Sgk, Ppp2r3d).
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MonyyeHHble [aHHble MOKA3bIBAKOT, YTO AUCOYHKLMA rnioKoLepebpo3mnaasbl, 06ycnoBneHHas BBeAeHUEM HMBOTHbIM CBE,
MOKET NPUBOAMTDL K HAaKOMMIEHWI0 HEMPOTOKCMYECKMX GopM anbha-CUHYKNeWMHa 1 gevipogereHepaumn [JA-HenpoHoB, co-
MnocTaBKUMa C BapuaHTOM BBefleHWA ¢ HebonblumMu fo3amu MPTP, npu 3ToM yBennuvBas HakonneHWe anbda-cuHyKenHa
W cTeneHb AMCHYHKLMM HATPOCTPUAPHOM CTUTEMBI NMPU COYETaHHOM BBefeHMW. ConocTaBnieHne pesynbTaToB TpaHCKpUI-
TOMHOr0 aHanu3a, NPoBeAEHHOr0 B KneTKkax naumeHtoB ¢ GBA-BIT n mMo3ra OBOMHOW HEMPOTOKCUYECKOWM MBILMHOW MO-
penv (CBE+MPTP) BbifBUNO M3MeHEHME 3KCMPECCUM FeHOB, BOBMIEYEHHBIX B perynaumio npouecca aytodaruu. Moaxoal,
HarpaBfieHHble Ha yBennyeHue akTuBHocTM GCase v aytodarvum, MoryT bbiTb 3GdEKTUBHLI NpK pa3paboTKe HEMPOMPOTEK-
TOPHBIX CPEACTB.

KnioueBble cnoBa: 6onesHb [lapkuHCOHa; rnioKouepebposnpaasa; KoHayputon-B-anokeng (CBE); PHK-npodannuur;
MOTIT; MbiLMHaA Mogens.
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ABSTRACT

Mutations in the glucocerebrosidase gene (GBAT), which encodes the lysosomal enzyme glucocerebrosidase (GCase), can cause
Gaucher disease, an autosomal recessive disease, and increase the risk of Parkinson’s disease (PD). The risk of developing PD
for carriers of homozygous and heterozygous GBAT mutations increases by 8—10 times, but not all carriers develop PD during
their lifetime. Additionally, GBA-associated PD (GBA-PD) represents 10 to 30% of all forms of parkinsonism. The development
mechanism of GBA-PD remains unknown. A decrease in GCase activity and accumulation of lysosphingolipids in patients with
GBA-PD was shown by us and other researchers [1, 2]. GCase dysfunction is thought to result in impaired autophagy and
accumulation of the alpha-synuclein protein, which is a crucial process in neurodegeneration in PD.

Several techniques based on modeling parkinsonism in mice with GCase dysfunction were used to study the impact of GCase
dysfunction on DA neuron neurodegeneration [3, 4]. In this study, we evaluated GCase activity, lysosphingolipids level, and
the degree of neurodegeneration in DA-neurons of the substantia nigra’s compact (SNc) and reticular part (SNr), as well as
the levels of dopamine and alpha-synuclein (total and oligomeric) in the brains of mice with a double “soft” neurotoxic model
induced by the introduction of the neurotoxin 1-methyl-4-phenyl-1. This is the first time such an evaluation has been made.
The presymptomatic stage of parkinsonism induced by 2,3,6-tetrahydropyridine (MPTP) involved the double administration
of 12 pg/kg at a 2-hour interval, in combination with a single injection of the selective GCase inhibitor conduritol-B-epoxide
(CBE) at a dose of 100 mg/kg. Additionally, we compared the transcriptomes of primary macrophage cultures from GBA-PD
patients [5] with the transcriptome of SN brain tissue in model mice.

We demonstrated that a singular injection of CBE resulted in a 50% decrease in GCase activity in the mouse brain and an
elevation in lysosphingolipid levels. Additionally, the introduction of both MPTP and CBE led to an increase in the level
of oligomeric forms of alpha-synuclein in the striatum. Simultaneously, degeneration of DA neurons in SNc, assessed by
tyrosine hybroxylase (TH) immunohistochemistry 14 days after injection, was comparable to MPTP and CBE (decreasing
to 50 and 60%, respectively). The neurotoxic model, when combined, demonstrates a significantly greater reduction in
dopamine concentration, accumulation of total alpha-synuclein in the striatum, and more severe neurodegeneration of DA
neurons in SNr (70% compared to 45% with MPTP administration).

A comparison of differential gene expression in primary macrophage cultures from patients with GBA-PD and controls
revealed a reduction in the expression of genes associated with neurogenesis, such as JUNB, NR4A2, and EGRI. In both
the GBA-PD patient group (TRIM13, BCL6) and the MPTP-induced parkinsonism mouse group with GCase dysfunction
(MPTP+CBE), genes related to the PI3K-Akt-mTOR signaling pathway, which regulates autophagy, were found to be
activated. These genes include Pdk4, Sgk, and Ppp2r3d.

The data obtained indicates that dysfunctional GCase leads to the accumulation of toxic forms of alpha-synuclein and
degeneration of DA neurons, similar to the effects of small doses of MPTP. Combining neurotoxins (MPTP+CBE) causes
a greater accumulation of alpha-synuclein and a higher degree of neuron degeneration. Transcriptomic analysis conducted
on GBA-PD patients’ cells and a combined neurotoxic mouse model (MPTP+CBE) brain revealed modifications in gene
expression of autophagy regulation. Approaches focused on enhancing GCase activity and autophagy exhibit potential in
developing neuroprotective agents.
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