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ABSTRACT

Parkinson’s disease (PD) was first described as a shaking palsy syndrome by James Parkinson in 1817. PD is a chronic
progressive disease found in all populations of the world and is the second most common neurodegenerative disease.
The major pathological feature of PD is progressive degeneration of the nigrostriatal system, which leads to the loss of
dopaminergic neurons in the substantia nigra pars compacta. The degeneration of the nigrostriatal system and subsequent
loss of striatal dopamine contribute to the cardinal clinical motor symptoms of PD: tremor, rigidity, bradykinesia, and
postural instability. The most common symptoms of PD only become apparent when 50-80% of dopaminergic neurons of
the substantia nigra have already degenerated. The mechanism underlying the loss of dopaminergic neurons during PD
development remains unclear. Currently, there are no simple and reliable diagnostic tests for PD. Current research efforts
are increasingly focused on elucidating the molecular basis of the disease. Studies have revealed the relationship between
PD and environmental risk factors and genetic predisposition. Despite the identification of genes and loci involved in PD
development, the molecular mechanisms that promote disease onset and progression are not fully understood.
Keywords: Parkinson’s disease, dopaminergic neurons, neurodegeneration, genes.
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ABCTPAKT

boaesns [Mapkuncona snepsbie onucana 8 1817 roay [Ixeitmcom IMapkuHCOHOM Kak ApoKaTeqbHbIH napaany
H 3AHNMAET BTOPOE MECTO M0 4ACTOTe BCTPEYAEMOCTH CcpeldH HeiipoaereHepatuBHbix 3adoneanmii. BII sBasiercs
XPOHNSECKOil HEYKJIOHHO NPOrpeccHpyiomeii 60Je3Hbi0, KOTOPasi BCTPEYaeTesl BO BCEX MONMyJanusx mupa. Paspurne
CHMIITOMOB KAK PHIHAHOCTD MYCKYJIATYPBI, Tpemop, OpainKuHe3ds, HAPYUIeHHe M03bl, KOPPEIHPYET ¢ rHOeIbI0
AohavmEepruYecKuX HeiipoHoB 4YepHoii cyGeranuun mosra (YC), cBA3aHO O CHHZKEHHEM KOHIEHTPAauum Jodamuna
B noaecatom Teqae mosra. Hame seero cumnroMsel BIT HaunHalT npoaBIATLCH TOJAbLKO KOIIA YiKe JereHepupoBano 50-
80% aedavunepruveckux Heiiponos YC mosra uenosexa. Mexannsm rubenn 1odpamMuHeprudecknx neiiponos YC npu
BIT ocraérea nesicubiM. [To HToii npuynne He cymecTByeT nadopaTopubix Anarnoctudeckux tectos BI1. CoBpemennas
MEIHUMHEA B MOUCKAX HOBLIX METOJI0B JIe4eHHsl H NPodHIAKTHKH 3a00/1eBanuii Bee yale 00pamaercs K MOJIeKYIsSipHO-
TeHETH9eCKHM 0CHOBAM Oosie3Heil. Pe3ynbTarsl NpoBeleHHbIX HCCIeI0BAHNI BBIABHIM B3aumMocea3b BIl ¢ pakropamu
PHCKS OKPYKAIOIIEH Cpe/lbl, YCIOBHI KH3HH, 2 TaKKe reHeTHYeckum puckom. HecmoTpsi Ha mmerommecs JaHHbIe
0 BHLISBJIEHHBIX T€HAX H JIOKYCAX, y4acTBYWIIHX B pasBuTHH BII, monekyasipable MeXaHM3Mbl BOZHHKHOBEHHS M
NPOrpeccHpoBaAHUS ITOr0 3a00/1€BAHHS /10 KOHIIA He H3YYeHbl.

Kmwouessie cioa: Gonesns [apkuncona, nohaMunepriuyeckne HeiipoHbl, HelfpogereHepans, reHbl.
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BBEJEHHE

Bonesus [apkuucona (BI1) spaserca onnoit u3 nanbonee ciox-
HEIX M BRKHBIX TIpo0NeM COBPEMEHHON MeIMUMHBL M 3aHHMACT BTO-
pOe MECTO 110 PACIPOCTPAHEHHOCTH CPEIM HEHpOJereHepaTHBHBIX
3aGonesanuii nocne Gonesun Ansureiimepa [1].

YacToTa PacripoCTPAaHEeHNs 1aHHOro 3ab0NeBaHns aHanoriHa
O BCEMY MHpY M cOCTaBnsieT B cpentem 1% cpean auu crapue 65
ner u 4% cpenn nun crapme 85 ner. B Hactogimee BpemMs HMeROTCS
nanuste, uto BIT MoxkeT paseuBathca B Goslee paHHEM BO3pacTe — 10
40 ner. To nanseiM BeeMHpHON OpraHH3alliM 3ApaBOOXPAHEHHS
(BO3). pacnipoctpanensocts BI1 B cpeanem 1o Mupy koseGaercs ot
72 no 258,8 na 100 teicau nacenenus. [lo pesynsraram mHaeMuo-
JIOFMYECKHX HCCIEA0BaHu 110 anHoi Ho3onoruy B Kaszaxcrane Ha
2014 roa BemBaeno 62 cayyas Ha 100 Teicay Hacenenns. K Tomy xe
AanHBIe OTpakaioT, 4to BIT yame BeTpeyanach B BO3PACTHBIX TPYI-
nax crapure 50 net n wame cpeau skenmun (58,49%), uem cpean
Mysunn (41,56%) [2]. Io crarucTiaeckum AanneM «HaumnonanbHo-
ro ueHTpa mefipoxupyprium» Ha 2016 rox B Kasaxcrane saperncrpu-
popano 20 Teic. GonbHpIX ¢ anarnosom BIT [3],

Kaunnueckumn nposisrienusiMu BIT SBNseTca MOBLIIIEHHBIH
TOHYC CKEJeTHOH MYCKYJaTyphl [0 KCTPAnHpaMHIHOMY THIY. 10-
HUKEHHas JBUTraTebHAA AKTHBHOCTS (OpafiMKnHes3ns ), HU3KO4acToT-
HBIH TPEMOp TIOKOS KOHEYHOCTEH M APYrUX YacTeil Tena, nocTypaib-
Has HEYCTOWYHBOCTD H JIp.

JInd rOHMMAHHS MOJIEKYISPHEIX MPOLECCOB, 00yClaBIHBa-
fommx BII, cienyer obparuthest K (U3HONOTHHECKUM W OHOXHMH-
YECKHM MPOLEccaM, MPOHCXOIANIMM B Mosre yenoseka. B obnactn
YETBEPOXOJIMHS CPEHEr0 MO3ra HAXOAMTCs 0COOLIH UEHTP — YepHas
cyGeranums. Yacts 910l yepHOH cyGCTAHIMM CTYKHT B KauecTse
NPHEMHHKA CHTHAJIOB B 11N Ga3anbHbIX FaHIINi, KOTOphIE OTBEYA-
FOT 3 TOHYC (HANPSKEHHOCTE) MBILIL] 4eIOBEKA, 3a €70 CI0COBHOCTE
COXPAHATH OMPEIENEHHYIO 103y H KOHTPOIMPOBATh ABMKEeHMA. ['an-
UM BRIPaGATEIBAIOT FTOPMOH A0(haMHH. ITOT FOPMOH €lie HA3BIBAIOT
HeitpOMeIHATOPOM WM TIOCPeHHKOM, MOTOMY Kak OH BBITIONHACT
BakHYI0 DYyHKIMIO — ofecneunsaeT cBsizh MeXIy AByMs obnactamu
FONIOBHOTO M03ra. MMeHHO ¢ ero MoMoIlbi) HEeHTpanbHas HepBHAs
CcHCTEMa KOHTPOMPYET [ABHAKEHHs Tella i ToHye Mbim. HanGomsiee
KONMuecTBO cuMnToMoB Gonesnn [lapkuHCOHa nposBisercs, Korna
COKpAIIAeTCA KOJHYECTBO KIETOK, MPOAYIHPYIOMUX 1o(haMuH, 1 co-
OTBETCTBEHHO CHHKAETCS MM MpeKpaliaercs BeipaboTka 3T0ro rop-
MoHa. Ero HEZOCTATOYHOE KONIMYECTBO CKA3LIBACTCA HA CBA3H MY
ABYMS OT/ENaMH TONOBHOTO MO3ra: OHAa CTAHOBHTCS Hed(heKTHB-
HOM, 4TO BIedeT 3a coboil HapylleHHe B KOOPAMHALMH JIBHKECHHII
[4]. Takum ofpasom, gem Gosbure notepn nodamuEa, TeMm TAKeNCE
nposBasercs 3abonesanue, B mpouecce crapenus yposens Aodamu-
HA HEYKIOHHO cHukaercs. Kakubie necaTs et uenosex Tepser 8%
Takux Kkaetok. M korma ux ocraercs Toasko 20%, HaUMHAIOTCA pac-
cTpoiicTBa, Xapaktepbie A1 Gonesnn Napkuncona [S].

MATOTI'EHE3 BII

CoBpemeHHasA MeHLHHA B MOMCKAX HOBBIX METOAOB JICHEHHS
u npodunakTHKK 3a00neBaHMil Bee Halle 00pamaeTes K MOIeKyIap-
HO-TeHeTHHYECKHM OCHOBaM Gone3Heil. 3HaHHe MOIEKYIAPHO-TeHETH-
YeCKHX MEXaHW3IMOB M03BOJIAET MOHHMATE NMaToreHe3 3afo/eBaHus
W BBIABIATH TAPTETHHIE MUIIEHH, HA KOTOPhIE HEODXOIMMO BO3ZEH-
cTBOBaTH NpH Nevernn. [pynna yyensx JiiokcemByprekoro Yausep-
CHTETa co37ana MoJeKyiapHayo kapty natorenesa bI1. Jlanuas kapra
fpeacTasnseT coboii OOBEMHEHHYIO CXEMY MYTeH B3aHMOICHCTBHA
naroreHHsix (axropos BIT Ha MONEKYIAPHO-TEHETHYECKOM YPOBHE
[6]. CornacHo naHHBIM KapThl, HAaKTOPaMHt, CNOCOOCTBYIONIIMH BO3-
nukHOBeHMIo BIl, ABAAIOTCSA: OKCHIATHBHEIN CTpecc, ANChYHKIHS
MHTOXOH/IPHil, HapYLIeHHs NPABILHOH cGopKH 1 Aerpanauny Gen-
Ka, HelpoBOCHAIEHHE, HEHPOTOKCHYHOCTB, ANONTO3 W NOTepA Hefi-
porponueix daxropos. [Toxoxke, uto B BosuukroseHnn Bl saneii-
CTBOBAH HE OJIHH, & HECKOIBKO MOMEKY/IAPHBIX ITYTEH, IPHBOASILIAX
B COBOKYNHOCTH K THOe/H 1odaMHHEpruieckuX HeifpoHos (puc. 1).

4

i - el
ol e ma

Knowledge
PD researchers

Puc. 1. Monexynspras kapra naroresesa BI1 [6]
Fig. 1. Molecular Interaction Map of PD pathogenesis [6]

OKCHAATHBHBII CTPece H MHTOXOHAPHAILHAN AHCHYHKIHHA

Jlodamunepriueckue Heiiponsl YC, Kak H3BECTHO, MO CBOEH
NpHpoae 0COOSHHO YA3BHMEI K MeTafomMyeckoMy CTpeccy H MH-
ToxonnpHankHoii aucdyrkumn, Tlpouece merabonmsma AodamuHa
BBI3BIBAET BHYTPEHHE BBICOKHH YPOBEHbL MeTaboaTHYecKoro cTpecca
1 cBOGOIHEIX aKTUBHLIX (hopM Kucaoposna n azora (ROS/RNS) B no-
damunepruveckux Heiiponax HC. ROS/RNS mozxer npusecTH K no-
Bpexaennto Hemkos, unuaos u JAHK MHTOXOHAPHI, 4TO NPUBOIHT
K MX AHCOHYHKINH, B TO BPEMS KAK MHTOXOH/IpHAIbHAA IUCHYHKIHSA
B CBOIO O4epesh 00ecreyHBaeT HCTOUHHK MEeTaboIHecKoro crpecca
i ROS/RNS-sHAYUMPOBAHHBIH CAMOYCKOPAIONIHIICA UMK YBEIH-
4eHHA MeTafoNHYecKoro crpecca B Ao()aMHHEPrHuecKnX HeHpoHax
[7]. MHTOXOHAPHH MPEACTABAAIT COO0i NMHAMHYECKYIO CeTh, Ile
TPHCYTCTBYIOT BAXKHBIE METAOOMHYECKHE Y TH — KaK LMK TPHKapOo-
HOBBIX KHC/IOT H OKHC/THTENBHOE dochopuaaposanne ¢ BrpaboTKoi
AT®, koHTpOIHPYIOLIME MeTabonuyecknii crpece H rubenb KIeToK,
HATIPHMED, ¢ MOMOMBI0 anontosa [8]. CrenopatensHo, KIeTKH 00-
NAAAIoT 3AMKWTHON peakiueil IPOTHE MHTOXOHAPHAILHOH TuchyHK-
1. T0 0cOOEHHO BayKHO U1 HAHOONEE YAIBHMBIX TPy A0(haMu-
Heprudecknx Heiiponos YC, KOTOphIE MOABEPraioTcs BO3ACHCTBHIO
npojio/Kaomerocs Meraboandeckoro crpecca. B caasu ¢ oM B
rnocneaHee BpeMs AKTHBHO obcykiaaercs pois Heiipomenanuna. OH
MOCTPOEH 10 KATEXONAMHHOBOMY MeTaboIHyecKoMy MyTH, H ¢ BO3-
PAacTOM HAKAIUIMBAETCA B Haubomee yA3BUMBIX N0(aMHHEPTHYeCKHX
ueiipornax UC u Heiiponax roayboro Tena Mosra. C 0aHOH CTOPOHBI,
HeHpoMeJaHuH 3aluilacT HEHpOHRI OT KE/IC30-KaTaaH3HPYyEMOro
oxucieHus fnoamuna, seipaborky ROS, metabonuueckoro crpecca,
H OT JETEHEpAllHH, B TO BpEMA Kak BRIKJIHOUYEHHE HCﬁpOHOB. no-BH-
JAHMOMY, HMEET NPOTHBONONKHE ShdeKT Ha fohaMUHepriHiecKue
Hetponsl HC, BEIZBIBAR AKTHBALMIO MHKPOTIIHH, HeHPOBOCTIANICHUA H
Helponerenepammio [9]. JonoaHHTeaLHEIMH 3aIIHTHEIME MEXaHH3-
MaMH HeHpOHOB MPOTHE MHTOXOHAPHAIBLHOH AMCQYHKINM H MeTa-
GONHUECKOT0 cTpecca ABAgeTes cnaboe pazodiienne pazodaloumx
Genxos (UCPs) B MHTOXOHIPHH, 4 TAKOKE PAI APYIHX aHTHOKCHIAHT-
HBIX MEXaHH3MOB, OnocpeaoBannsix GyHkiuamu renos PARK [10].

Hapymenns c60pkn u Aerpagaunn deika

Kak 1 mobbie Apyrie KAeTKH, HEHPOHBI TAKKE MOJBEPIKEHBI
BO3IEHCTRHIO HEMPABUILHO CBEPHYTHIX OS/IKOB HIIH APYTHX MYTaHT-
HBIX BEJIKOB, HMelonMxca B kieTke. [Tocne Toro kak Oe/KH CHHTE3H-
PYIOTCA B UMTOIJIA3Me, TPAHCHOPTHPYIOTCA B IHAOMIA3MATHHECKHT
perukyayM (3P), rae Genxy maneponsl P cOXpaHAIOT HX B Hajie-
kaeit (opme. Cronnenne HeNPABUIBHO CBEPHYTHIX GesKOB, Ha-
xonsmmxest B OP, sRnAETCA paspyIMTENbHEIM 11 HefipoHos. Pomb
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PA3BEPHYTOrO OE/IKOBOrO 0TBETA GbiTa MOKA3aHa MpH ayTOCOMHO-pe-
ueccnsHbIX Gopmax BITu accounnporana ¢ MyTaumneil resa napkuHa.
T'eH mapKuHa KIaBHBIM 06Pa30M KOHTPOHpYeT YOMKBHTHH-/IHTA3HYIO
SyHKuHIO Genka, moTeps KOTopoii BeleT K arperanuyu Oeska napkHHa,
focaenyomemy ctpecey u rubenu kinetox [11].Mecnenosanus, npo-
BEACHHBIC Ha OEJIKaX IapKUH H YOHKBHTHH-KOHIIEBAsS KAPOOKCH TEHAS
riaponasa L1 (UCH-L1), koTopsie CBA3AHEI ¢ reHeTHUECKHMH top-
samu BIT, moaTBepsiaror cBa3p Meskity 06pasoBanmem HEMPaBHILHO
CsepHYTBIX GeKoB 1 paseutHeM BIT. B nocieanee BpeMs OBLIO MoKa-
32O, 4TO KiIoYeBkie cyberparel, kak HSP70, obnanatomme crnoco6-
HOCTBIO MOAYIHPOBATE TOKCHYHOCTh, BBI3BAHHYIO O-CHHYKIEHHOM,
STPAIOT BAKHYIO PO/b B CBEPTRIBAHMA H Jerpanauun Oenka. C apy-
7ol croponsl, UCH-L1 seiicTsyer kak depmenT, KoTopsiii mepepata-
TRIBACT YOMKBUTHH B Hefponax, u paspymenue UCH-L1 moker npu-
SeCTH K 006pa30BaHHI0 HENPABHIIEHO CBEPHYTHIX GE/IKOB [12]. Takum
00pazoM, MOXHO MPEANON0KUT, YTO TOJABIAIOLIEE KOTHUECTBO
A-CHHYKIEHHA HJIH OTCYTCTBHE 3a30pa 0-CHHYKJIEHHA U JanbHeiiei
ATPEralHy ApYyruX HENpaBUIBHO CBEPHYTBIX GEIKOB MOMKET ObITh
STHMEBBIMH MEXAHH3MOM, NpUBOAALIIM K BIT,

Heiiposocnanenne

Onnoii 3 kmouersix ocobennocteit natonorun BIT seasercs
seiiposocnianenye. MHOKECTBO HCCIEIOBAHII NIPOIEMOHCTPHPOBA-
70 axrusaiHio MUKporind B YC u crpuaryme v nammentos ¢ BIT u
s2 EUBOTHBRIX Mozensx [13]. Xora ocHoBHO# Mexannsm akTusaimu
saixporany npu BI1 e nocrarouno n3yuen, BromHe BeposTHO, 4TO
SPOBOCHANHTENLHBIE HHTOKHHBL H TOKCHUHBIHA 0-CHHYKIEHH MOTYT
SEAATECA AKTHBATOPAMM MMKDOITIMH B TOJIOBHOM Mo3re. Bruio obHa-
FIFEHO, 4TO YPOBEHB IPOBOCTAIHTENLHBIX IHTOKHHOB [L-16, IL-6 1
TNF-o yBeHyeHs! B CIIMHHOMO3TOBOH KHAKOCTH H 6a3atbHbIX raf-
rAx naunentos ¢ BIT. Kpowme Toro, nenaprue neenenosannus npes-
FOTAraioT, YTO CHCTEMA KOMILIEMEHTA MOXET HIPATh OMpeieseHHyI0
POTh B mATOreHese 3a0071€BAHMA, TIOCKONEKY TOBBILIEHHBIE YPOBHH
GeIK0B KoMIIeMeHTa Habmofanuc B Tensiax Jlesn npn BI1[14]. Ha
Msiax ObiI0 MOKA3aHO, HTO 0-CHHYKICHH HIH MOAM(HIIMPOBAHIbIE
DOpMBI 0/IKA MOTYT HHIYIHPOBATE MHKPOITHH H IYMOPATbHEIE pe-
SKILHH, @ KOT/1a CHIrHAIH3aLMsA TPaHCKpUNHoHHoro dakropa NF-KB
WHIHOMPYETCS XMMHHYECKH, OH MOKET BBICTYTIATh B POJIH Heiiponpo-
TEKTOpa JoaMHHEPrHIecKuX HeilpoHos [15].

Heiipotokcnunocts

Poxs HefipotokcnaHocTn B narorenese BI1 we Gnina Xopouo
wsvaena. [nyramar ssnseTcs ocHOBHBIM Helipomeauaropom B [THC
SISKOTUTAIONIMX H [TIABHBIM YYaCTHHKOM B MPOLECCE HelpoTOKCHY-
SOCTH, YCTAHOBJICHO, YTO PEUENTOPE FIyTAMATA IPHCYTCTBYIOT B H3-
SaTre B loamuBepriaveckux seitponax YC, u oun HHHEPBHPYIOTCH
FIYTaMaToM, KOTOphIE TOCTYNAKT H3 TajaMyca H KOphl FOJOBHOIO
wosra. Hefipotokenunoe Bosgeiicteue ryramara NPOMCXOONT 3a
SSET YBCIMYEHHA YPOBHA BHYTPHKIETOYHOTO KAJBIHS MOC/E aKTH-
SSUHH HOHOTPOIHOTO penenTopa rayramara (NMDA-peuentopa) ¢
SOCACAYIOUIMM MPOU3BOACTBOM NEPOKCHHHTPHTA. 10 BEI3BIBAET IH-
Geab johaMHHepriueckux Kietok, Korma aHTaroHHcTs: peuenTopa
NMDA ncnons3osaiics B | -metun-4-enmn-1 ,2.3.6-TeTparuaponu-
prans (MOTT)-unayumnposanroit Mosenn, 6110 YCTAHOBIEHO Heji-
PONPOTEKTOPHOE BO3/CHCTBHE NPOTHB rHOEIN No(aMHHeprHYecKiX
s1eTok B HC, 0THaKO aHTArOHHCTEI HMEIOT OFpaHHYeHHOE npUMeHe-
SHE H3-33 HH3KOTO MOTEHIMAa 1 TonepanTHocT! [16].

AnonTos Heiiponos

AONTO3 MTPAET KII0YEBYIO POTIb TIPH JereHepaIHHL Aothamu-
HEPIHYCCKHX HeHPOHOB YepHoi cybetanumy. [Tepsonauaisno neeneno-
SAHHA anorT03a NPOBOHIIHCE HA MOCMEPTHOM MO3Te nauneHToB ¢ BI1
< HCTIOTB30BAHHEM TEPMHHAIBHON [C30KCHHYKICOTHIHITPaHC(epasa-
SHocpenoBaHHoi 1Y T, MeuenHoil Ha korue (TUNEL) — nonomuTes-
HBIX J0havHHepruuecknx Heiiporos [17], Xots pors anontosa npu bIT
G511 CTIOPHOI, MHOKECTBO HAYYHBIX HCCIEI0BAHMI, IPOBEJICHHBIX Ha
MO3re mauueHToB ¢ OonesHbio [TapkuHCOHA, MOKA3ATH Kak anonTiHtde-
CKYI0, TaK W ayToharnyeckyto rubens kinetok [18], Jlanusie uceneno-
SaHHI MMOKA3a/H, 4TO OONBIINI NPOLEHT MO3UTHBHBIX fpoanonroTHye-
cxuX Oeskos Bax maGmosiaercs B Mosre naumenTo ¢ BIT, no CpPABHEHHIO
£ KOHTPONBHOI rpymmoii [19].

.

Pouib neiiporponneix ¢akropos

Henasro Owu10 yeramosneno, uto HelpoTponHkle (GakTops!
MTPAKOT BKHYIO POIIb B BEUKHBAHHH KJIETOK, OTCYTCTBHE 9THX (hak-
TOPOB MOMKET BbI3BATE THOEE Hefiporos npu BIL. Beuto yerarosie-
HO, 4TO Takue Helporponusle dakropst kak BDNF, GDNF u NGF
PE3KO YMCHBIIEHEI B YEPHOH CYOCTAHLMH TONIOBHOTO MO3ra Y MarH-
eHTOB ¢ Gomesnsio [Mapkuncona [20]. B HEKOTOPBIX HCCJIEI0BAHHAX
TpoHeckne GaKTOPsl HCTIONL30BAHEI B KAYecTse HEHpPOnpOTeKTO-
POB, TaK KaK OHM CHOCOGHBI CTHMYTHPOBATE POCT M Pa3BETBIEHHE
Ho(haMHHEPTHYECKHX HElipoHOB. B IKCHEPHMEHTax HA KHUBOTHBIX
Mozenax Gbl1o mokasaHo, uTo 06a hakropa GDNF u neurturin cro-
COOHBI BOCCTAHABIMBATE NMOrUOIIME noaMuHepruvecKue HelpoHEl
[pH XHMHYECKH HELyuHpoBanHoi bIT. Knunuveckue uccnenopanms
¢ ucnoaszoBanneM GDNF Ha moIsx HaxonsTcs ele Ha 3Tane UCHbl-
Tauui [21].

lenernueckne ocnossl BIT

Heropuueckn BIT cuntanack cropagmdecks BOIHHKAIONIHM
3aboneBaHueM, TeHEeTHUECKH HE IeTepMHHUpOBaHnEM, Mccnenosa-
HHUs cemei, ctpagarommx BIl, nossonmmm BeISBATE FEHeTHYECKYHO
KOMIOHEHTY 9Toi natonoruy. [lepeiM renoM, ams xoroporo Geina
NokasaHa cea3b ¢ bIL, 6eu1 ren a-cunyknenna (SNCA). lenetnueckue
ncenenosatua mokasann, 9to BIT umeer pasusie Mosenn naciaenosa-
HHA, TAKHE KaK ayTOCOMHO-I0MMHAHTHASN, ayTOCOMHO-PElECCHBHAS
uiu cuerienHas ¢ X-xpomocomoii. Ha naunsii Mmoment KapTHpOBa-
HO 18 nokycos, accouunposannbix ¢ BIT (Tabmuua 1).

PARKI/PARK4 (SNCA)

B nokyce PARKI/PARK4 noxanuzosan ren SNCA, KOHPYHO-
it 6es0K 0-CHHYKIEHHA, TIaBHbI KoMIoHeHT Tenel Jles. Hapy-
UIEHHE HA JTane NpoLEecCHHra AaHHOrO GesKa sBAETCH MyCKOBBIM
MEXAHH3MOM MOJIEKYIAPHOTO NATOreHETHHECKOTO KACKA/A, BeIyilie-
I'0 K HAKOTIIEHHIO B KJIETKE HEPACTBOPHMBIX GEITKOBBIX KOMIIEKCOB U
MoCeAyiomel NporpeccHpyIomeil ereHepaliin COOTBETCTBYIOIIEH
rpymnist Heifponor mpu BIT [22]. Mytaumu rena SNCA na XpoMOco-
me 4¢21-22 ofycnaBnuBaioT AecTabHIH3ALMIO LEHTPaIbHOH YacTH
GenkoBoil MONEKyINEl, H3MEHAs ee NPOCTPAHCTREHHYIO CTPYKTYPY H
00pasys B-ckianuarkie CiiOM, arpernpyiolHe ¢ aHATOrHYHEIMH MO-
ACKYIaMi ¢ 00pa3OBaHMEM MYIBTHMONEKYIAPHBIX hubpuan. Itu
(uGpunbHble MOTHBEI (OPMHPYIOT Tenbua Jlesn Kak NPH CeMeiiHBbIX,
TaK  mpH uanonaruyeckux gopmax bIT. Onucans kak Muccenc-my-
Tamnn (AS3T, A30P, E46K), Tak u ayniaukauuu u TpUnaMKanuu (B
TaKOM CITyH4ae rOBOPAT O JOTIONHUTENRHOM okyce PARK4), accomm-
HpOBaHHEIE ¢ nmaronorneil BII. Muccenc-MyTaumn u MyrTsTHIUIMKA-
UMK KpaifHe PeaKo CBA3aHbI ¢ ceMeiinbMu cyuasmu BIL Bekris et
al. B CBOMX HMCCNIENOBAHMAX NMOMYEPKUBAET, UTO YBEIHYEHHE YHCIa
komiit SNCA B resome npu cemedinbix popmax BIT cesizano ¢ nopsi-
LIEHHEM €T0 IKCTpeccHy 1 Gorlee TSKeNbIM TeueHneM 3ab0eBanus,
HTO NO3BOJIACT MpeAnonarars Hamu4ue sddexra 1031 rena [23]. B
ucenenosanuu Houlden ¢ xommeramu nokazamo, 9ro nefior 3a6ome-
BaHHA, MOABNCHHE TAKEION JEMEHLUHMH H ICHXHYECKHX NPOBIeM TaK-
K€ ACCOLMHPOBaHEI ¢ YHCIOM Koruii rena SCNA. Kmunudecku nam-
eHTEl ¢ PARK1/PARK4, cBasanusie ¢ BIT, crpazator Tsukesoit thopmoit
3abonesanns ¢ pananM nebiotom [22].

PARK2

[epras MyTaums B reme PARK?2, = XpOMOCOMHOH obnacTi
6q25.2-27, conepiaiuem |2 3K30HOB 1 KOTUpYOMHMIi Geok NapKHH,
Obuta onmcana Kurana & 1998 roay npu necnenosanmnu 4yTOCOMHO-
'O PeleCcCHBHOTO HOBEHHIBHOIO NapkuHconusMa [24]. Hanbonsimas
KOHLEHTpauus Ge/ka napkuHa o0HAPYXKEHA B MUTMEHTHEIX KJISTKAX
KOMITaKTHOI 30HBEI epHoOil cyGeranumu. [Tapkun obnamaer cBoii-
CTBAMH YOHKBHTHH-THTA3bl H HIPAET KIIOYEBYIO POJIb B KAETOUHOI
Jierpazauii aHoManbHEIX GekoB. MyTatuy B reHe napkuHa BeayT
K HapymeHHo QyHKumMii 1aHHOrO hepMeHTa B YepHOii cybcranimm
H CTpHATYME, HTO CONMPOBOXKAETCA HAKOIUIEHMEM AHOMAJLHBIX
GenKoBBIX CyBCTparoB B KIeTKe, HHAYKIHEH anonTo3a u rubensio
Heiiponos [25]. B Hactosiee Bpems m3BecTHO Gomee 100 MyTamnii
9TOTO reHa (MHCCEHC-MYTALHM, JeelHH, HHCEPLHH, NepecTPOiKH
H JyIIHKalmy), accounnposannsie ¢ BIT [26]. D.M. Kay u coasr.
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NpoBenH OOMIETOMyNAUHOHHOE TeHeTHHECKOe HCCIEIOBaHNE ¢ lie-
TbIO H3YHEHHA POJIN FeTEepO3HroTHON MyTaunu rena PARK2 ua pas-
suTHe BIL. B uccaenosanue poman 2091 nanmeHToB, cTPaAaiommx
BIT, 1 1686 neBponornieckn 3A0pOBBIX JMI0ACH. ABTOPSI H3YYIIN TeH
PARK2 na nanvvue B HEM JeelHH, MYJIbTHIUTMKALIMH, H3MEHEHHS
MOpAIKA YepefoBaHHS HYKICOTHI0B. l'eTeposuroTnas myrtauus B
BHIE JKCMAHCHH HYKJIEOTH/IHBIX NOBTOPOB B reHe PARK? Gbiia BbI-
senena y 0,95% wnccnenyemsix u3 rpynnsl kourpons u 0,86% cpeau
nauuenTor ¢ BI1. Yeranornero, 4To M3MeHeHNe MOPSIKA YepenoBa-
HUA HYKJIEOTHIIOB ¥ NAIMEHTOB H3 FPYNIIbl KOHTPOJISA pacionaraiochk
B ak30Hax 1-4, a y nanmenTos ¢ BIT B ak30nax 2-9. [To MueHHIO HC-
clie/loBaTeieii, B HACTOAIEE BPEMs HEIOCTATOMHO MOITBEPKACHHBIX
JJaHHBIX O BIMAHMHE TETEPO3UTOTHON MyTaunn rena PARK2 Ha passu-
te BI1 [27]. dpyroit rpynnoii yueHsix ObU1 MPOBEAEH KIHHHKO-TE-
HETHYECKHIT aHann3 cemeii ¢ rosennbHOI dhopmoit BIT B Poccuu, B
uccnenoBanue ot 26 dombHEIX u3 20 cemeit ¢ BospacToMm nebrota
BIT no 30 sner. Tlo nomyuenneiM naHHBIM, 41% cemeil HMenH MyTa-
LHMI0 reHa napkuna (PRKN). Beero BeisiBneHo 9 Mytaumii: 6 u3 Hux
ObLTH NpeacTaslieHs! Ieeuneil OTIeMbHBIX IK30HO0B, 3 — TOYKOBBIMH
myTaunsMi rera PRKN, senymumu K CABHTY pamMKH CHHTHIBAHWSA
(del202-203AG) nnu Hapymenmio craiicunra (IVS1+1G/A) [25].
Onnako, 0 MHEHHIO APYTHX ABTOPOB, HOCHTENLCTRBO MYTALMH FeHa
PRKN nake Ha oHO#l XpOMOCOME MHOITIA MOKET CONPOBOXK/IATHCSH
Pa3sBHTHEM ayTOCOMHO-IOMHHAHTHON dopmbl BIT mo mexaHusMy
FaNIOHE0CTATOMHOCTH, YTO MOATBEPHKICHO C [MOMOIIBK HCIONE-
30BaHHA [MO3UTPOHHO-IMHCCHOHHOM Tomorpaduu (179T) ronosHoro
mo3ra. Takxke HaaW4He eIMHCTBEHHOH TeTepO3HTOTHON MyTallHH
rena PREKN spnsercs (akTopom BEICOKOrO pHCKa Pa3BHTHS CHOPAIH-
yeckoit hopmet BIT [28].

PARKG6 (PINK1)

Brepseie mytauuu 8 reme PINK/ (PTEN-unmyumpoBaHHas
kuHasa ) Osimn onucansl B 2004 rogy Valente ¢ coast. [29]. Ipen-
nonaraercd, 4to yekums Genka PINK] — okaswiBath Heitponpo-
TeKTHBHEI (et Ha nothaMHHEpruveckne KIETKH, IeiCTBYS Kak
MHTOXOHApHaNLHas Ser/Thr nporenn-knHaza. Ha npumepe momenn
AunBoTHeIXx Wang H.L. u coarr. nokasanu, uto Genok PINKI neo®-
XOAMM /171 MOIEPKAaHNA HOPMATIBHOTO MHUTOXOHIPHATLHOIO MeEM-
Opannoro noterunana AW (m) u MUTOXOHAPHANBHOIN Mopdorornu
no(haMUHEPIHYECKHX HEHPOHOB, & TAKKe 3TOT 6e/I0K OKa3kIBaeT Heli-
pONpoTeKTHBHEI a(dekt, mukBnaupys dopmupoeanne ROS [30].
Bonewunerso mytauuit PINKI asnsiores mubo muccenc- (G309D),
nubo HoHceHe-myTaunsmu (W437X). MyTaunu B 9ToM rese 3aHuMa-
0T BTOPOE MECTO 0 YHC/Y ayTOCOMHBIX peliecCHBHBIX cirydaes BIT ¢
panHuM 1e0I0TOM H aCCOLHMPOBAHL! ¢ cemeitnoii hopmoii BIT. Bos-
pact neGiora nanuentop npu PINKI, obycnosnennoii BI1, sapsupyer
B NIpeieniax 4eTRepToro-natoro gecarka net [22]. Berthier A. u coast.
npoananH3nposann sxcnpeccuio benka PINK1 u ero cyGknerounoe
pacripese/ieHne B HOPMAILHLIX M OMYXOJEBBIX TKAHAX. BuisBnena
BhICOKas aKkcnpeccus Genka PINK| B TKaHSX UeHTpaasHOi HepBHOI
CHCTEMBI AMUTETHATBHOTO TPOHCXOMKIEHHS U Gollee HU3Kad IKCIIpec-
CHSl B TKAHAX ME3SHXHMAIBHOIO MpoUCXoxkIeHHs. B HefipoHansHBIX
knerkax Hesok PINK1 pacnonaraercsl B BHAe LHTONIA3MATHYECKHX
rpaHyin 6o cBA3aH ¢ mIa3MeHHoi MemOpanoii. Bosee BricoKas HKc-
npeccus Genka PINK] BhisBieHa B kapunHomax, a Gonee Hu3Kas — B
capkomax [31].

PARK?7 (DJ1)

Myranus ressoro nokyca PARK7, komupytoiero Genok DJ1,
NPHBOIHT K pasBuTHIO cemeiiroii dopmel BI1 ¢ ayrocomuo-penec-
CHBHBIM THIIOM HachaenoBanus. DJ1 umronnasmaruueckuii Genok,
KOTOPBIH BBICTYTAET B KAYECTBE PEIOKC-4yBCTBHTEILHOTO Oelka ce-
MmeiicTsa nentiaas C56, npenoTBpallaoiero arperaiui o-CHHYKIIe-
MHA WM aHTHOKcHAaHTa. MytaHTHel Oenok DJ1 pianmoneiicteyer
C MapKHHOM, NPH 3TOM NapKHH BRICTYNaeT B KayecTse E3-mmrase
A ynanenus MmyrantHoro DJ1 [23]. Cayuan BI1, conposokiaeMbie
HAPYIIEHHAMH B noKyce PARK7, oueHb pelkH, CBA3AHEI C PaHHHM
nebiotom B Bozpacte 20-30 aer [22]. Sanyal J. et al. na 300 naunen-
Tax u3 Bocrounoi Muaun (150 Goneueix BIL. 150 num rpynns kon-
TPOJIA) HCCIENOBATH SK30Hb! (HOMep 2-7) W rpaHuisl HHTPOHA I'eHa
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DJ1. O6napyxens! mects HHTPOHOR (IVS4+30T>G, IVS4+45G=A,
IVS84+46G=>A, IVS4-98G>A, IVS5+31G>A u IVS5+69G>C), Brio-
gag oguH usMeHeHHBIH (IVS5+69G>C). Kaunnueckue ocobenno-
cti Tedenun bl y maumentos, nverommx mytanuio [VS5+69G>C,
coorsercTBOBaiM BIl ¢ pamHmM Hauwazom, a noaumophu3Me!
IV84+30T>G, 1VS4+45G>A n IVS4+46G>A onpeaensiiuck Kak y
naumenToB ¢ BIl, Tak u B rpynne kouTpoas. ABTOPh! HPUILIH K Bbl-
BOJlY, 4TO B OTJIMYHE OT reHa napku#a, myramis reda DJ1 6bu1a orpa-
HHYEHA B ONPEAC/ICHHBIX HACENEHHEIX MYHKTAX CTpaHsl H He HMela
accouManmy ¢ MHAUHCKoi nonyasuwed [32],

PARKS (LRRK2)

B nokyce PARKS pacnonowes res LRRKZ, xonupyrommii 6o-
raryio JeHIIHHOBBIMHE MOBTOpaM# kuHasy 2 win gapaapus. benok,
KomHpyeMslit renom LRRK2, dyexumosMpyer nofo0HO THPOIHH
kuHaze. On B3aumoneficTBYeT ¢ ApyrwMH GeakaMyl, CBA3AHHBIMH C
cemeiineivu thopmamu BII. & wactsocts ¢ napxusoMm. Takxke npe-
HoNaraeTcs NpAMoe B3ammozelcTase memay LRRK2? u o-cunykie-
nHoM. LRRK? obuapyxuBaeTcs 8 umtosose, BHelIHel MemOpane
MHTOXOHIIPHIA, N1a3MaTHYeCKoi MemBpase, IH30C0MaX, JHI0COMAX,
TPAaHCMOPTHEIX Be3MKkynax, anmapare lomnman, MHUKpoOTpyOOUKax,
CHHANTHYECKHX BE3NKYIaX. THNHINLX padrax.

B Hactosiee Bpems m3sects=0 osowo 100 MEcceHc- M HOH-
cenc-mytauni LRRK2, 6 w3 mmx (R11441C. R 1441G, RI1441H,
Y1699C, G2019S, 12020T) cessasm ¢ passutiem BI1. Cunraercs,
aro myrauus G2019S seasercs npwsmsoil BI1 B 1-2% cnyuaes cpe-
Iu eBponenles, 8 15-20% — y espees Amwenazn, 8 40% — y apabos
Ceseproii Adpuxy [23). Kaunmsecks GoasmHHCTBO CIYYaeB CXO/-
HEl ¢ Hanonarayeckofl BI1. Orasrsme cocTONT B J0NOIHHTENEHBIX Na-
TOJIOTHYECKHX NPOSBACHMSX: OCTPO passusaroniHecs ONALIKY, Na-

TONIOTHA A3bIK4, JETCHEpalia Sepaol cybcrasuny G6e3 obpaszoBanus
Tenen JleBn, muanbHBE UMTONZAAMaTHEECKHE RICTIOYeHHs. [[ebioT

HACTYMAaeT B TCYCHHE MATOND ZecsTxa 3e7 [22]

PARKY (ATPI3A2)

Caazp noxyca PARKY ¢ BIl Gsiaa smsenesa np MCC/Ie0Ba-
HUH foBeHHABHOH hopa BIT [22]. B smom soxyce pacnionoxeH red
ATP13A2 - AT®-a3a Tuna 13A2. Svor Genox mmeet ATd-a3uEli 10-
MEH, JIOKaIH3yeTcs 8 MemOpasax amsocoM. Tou=ads dyrkumns Genka
HE W3BECTHA, OIHAKD NpeanasarseTes. 910 Myramus (G504R, T12M,
G533R) BrusioT Ha npouece serpazams mmsocom. Taxwe ATP13A2
JAIIMINAET KACTKH OT TORCHUeCEOro soaachcrems Mn®, Zn® Fe™,
KOTOphIe ABIAIOTCH IkoaormsccamMe pick $axtopamu BIT. Kpome
TOTO, 0 JaHHBIM HEROTOPSIX Bocaesosasmi. ATP13A2 zamuuaer ot
TOKCHYHOTO BO3JRiiCTRNS a-CuEyxacasa [33].

BaxHO OTMETHTE. 9T0 BC0S SSMBCONMCAHHLIE NOKYCH M IeHBI
cBA3aHbI ¢ ceMeiinnivMu dopsasm BIL

TMomimo nokycos PARK. sssectsss apyrue reHbl, CBA3aHHLIE ©
CHHApOMaMH, conmyTeTevionnnes 511 wam ofycIasMBalOIIMMH OJIHH
H3 CHMIITOMOB 3TOr0 3abosesasmes K ssw otHocaTcs rens: GBA,
MAPT, ATXN2, ATXN3, POLGI Cpean mux sHauGonee W3yueHbl
rersl GBA u MAPT. Ten rmososcpeSposinassl (GBA) n3Becren kak
daxTop prcka pazsuTis Gosessw Towse [MoMHMO 3TOro MoKasaHo,
4T0 MyTaiHH resa GBA sasssorcs Sas70poM pHCKa BO3HHKHOBEHHA
JieMeHIHH ¢ ofpasosammen Tesen Jesn. GBA-MyTatuyu yMeHbIIaoT
yposeHs Genka GBA 3 sepsom 7ese. sapymatoT IM30COMHBIH MyTh Jle-
rpajaiiy OE/IKOB, TEM CaMii Sarsimas HaxOILTeHHE OelTka o-CHHyKIe-
HHA — OJIHH W3 NPeANOsarasues SasTopos Bo3HHKHOBeHus BIT [26],
e MAPT xomupyer Gesox TAL, ocsossoii KOMIIOHEHT MHKpOTYOY-
JIHHA, KOTOPAIH HIPEET KII0SeEy50 POTS 3 OPraHi3aliy H LeNOCTHOCTH
uurockesnera. PunaMenTHNe Bamosesns Senka TAU accounupoBans
€ pAlOM HeHpoaereHeparHasan afosesanilil. Ha3bIBAEMBIX «Tayomna-
THAMH», CPEIH KOTOpEX Gosesss AsmureiiMepa, KopTHKoGasaIbHas
A€reHepaiHs, NPOrpeCCHPYIONINE CyNpasyEieapHblil napaiiny, Gpou-
TOTEMIIOPATLHAR JEMEHINA ¢ NEPKMHCOHIIMOM, CBAIAHHEIH C Hapy-
IeHHAMH Ha xpomocome 17. Hecmoseso paboT 1o M3yueHMIO CBS3M
MeKIy HapyuieHHem B rese MAPT m passwruenm BIT ykaseiator Ha
TO, 4T0 ramtorin H1 resa MAPT s=aserca daxropom pucka BII, gro
NOATBEPHIACTCA IaHHBIMHE NONHOTSROMHEOID aHATH3A MOHCKA accoLM-
anuif [23] (puc. 2).
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Tadauua 1. Jlokycsl u rensl, acconuupopantsie ¢ BIT [65]

Table 1. Loci and genes associated with PD [65]

Haspanue Ha3ganne EARSEARNS Jloxanu- | TeHernueckue b Bospacr nebiota Knunuueckue
GenkoBoro Hacrne-
| TJokyca reHa —— 3aumns HapyIIeHUs By, 3aboneBaHHA MPOABIEHHS
~lokychl B renbl, accounuposannsie ¢ BIT
PARK1/ SNCA O-CHHYK/IEHH 4q21 Miuccene- All Miuccenc-mytannn | MucceHC-MyTaluH —
PARK 4 MYyTaLHH, — 30-60 ner, Tskenas Gopma bIT
JIYTIIHKALHH, nymmkanun — 30-40
TPHILTHKALIHH JIeT, TPHUILTHKA-
uu — 40/50-60 net
PARK 2 PRKN NapKuH 6026 Muccene- AP 10-50 net ['omo3uroTHEIE
(6¢25.2 — | myTanmu, WIIH KOMIayHIHEIe
q27) JeselnH, reTepo3HroTHbIe
HHCEPCHH, thenotunel PARK2,
nepecTpoiKH, CXOIHBI ¢ HAHOMATHYEC
AYTUTHKALIHH Koii hopmoii BI1 ¢
paHHuM JeboToM
PARK 6 PINK 1 PTEN-unny- 1p36.12 [ Muccenc- AP 30-50 ner Yacro npHCyTCTBYIOT
LMPOBaHHAas MYTAlHH ATHIHYHEIE TPH3HAKH,
npennonara- (G309D), TaKHE KaK 3aMeTHas
emas kuHasa | HOHCEHC- JHCTOHMS, HapyllIeHHE
MYTALHH CHA, MUPAMHATbHBIE
(W437X) paccTpoiicTBa
PARK7 DJ1 DIl 1p36.23 L166P, M261, AP 20-40 ner ATHITHYHBIE TTPOABIICHHUA:
D149A, E64D JIOTOJIHUTENBHBIE
MCHXHYECKHE HapyLle-
HUSA, AHCTOHUA
PARKS LRRK2 JapaapuH 12p12 40 Muccenc- 1 All 30-50 ner Cxonetso ¢
HOHCEHC- uanonarudeckoi bIl.
MyTaLuii: JononHuTensHbie
R11441C, » MATONIOTHYE CKHE
R 1441G, nposiBIeHHs: ObicTpO
R1441H, pasBHBalOLIHECHA
Y1699C, OMAIKH, MaTOJOTHs
G2019S. 12020T SA3bIKA, JeTeHepanus
4epHOi cyOCcTaHIHH
Oe3 obpazoBanmns Tenen
Jleen, rnuanbHele
LUTOMN/Ia3MaTHUECKHE
BKJIHOMEHUA
PARK9 ATPI342 | AT®aza tHna 1p36 Muccenc- AP 10-22 net Cxonerso ¢
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Puc. 2. MonexynspHo-reneTnieckie MexaHu3MBl iereHepauun Heliponos npu BIT

Fig. 2. Molecular-genetic mechanisms of neuronal degeneration in PD
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Takum o6pa3oM, B HACTOSIIEE BPEMS WICHTH(OULMPOBAH Pl
renos cemeiictea PARK, accoumnpoBaHHEIX ¢ HACIECACTBEHHBIMHA H
coopannyecknmu hopmamu BIT. Kpome Toro, MpOHCXOHT H3y4eHHE
SonoOAHHTENbHBIX reHoB (RAB39B, VPS35,MAPT, ATXN2, ATXN3,
SPG11, POLGI), BBI3BIBAKIIMX CHHIPOMBI, KOTOPBIE COMYTCTBYIOT
EI1l. HecMOTps Ha MMEIOUINECS JaHHBIE O BLIABICHHEBIX FeHAX H JIO-
sycax, yuacTeyromux B passuTiu BIl, MonexynspHble MeXaHH3Mbl
203HHKHOBEHHS H NPOTPECCHPOBaHNs HEKOTOPHIX (hopm 3T0ro 3ab0-
JeBanys 10 CUX [OP HE H3BECTHEL

Snurenernka BI1

Bonbiioe KOMHYECTBO NAHHBIX CBUAETENLCTBYIOT O TOM, HTO
STHTeHeTHUIECKHe MeXaHu3MBl, Takue kak MeTHmuposanie [IHK u mo-
2ndHKATMH XBOCTOB MMCTOHOB, THHAMUUECKH PETYIMPYIOTCS B Hel-
pOHAX U MTPaloT (HYHAAMEHTAIBHYIO POJIb B NIPOLECCAX, CBA3AHHBIX C
BI1. Hccnenosanms W3MeHeHHH craTyca METHIHPOBAHHA reHa o-CH-
syiensa (SCNA), acconmupopantoro ¢ BI, nokazani koppensimio
co cepxaKkcnpeccueit aanHoro Genka w naronormeit BIT. Yeranoe-
seso0, yTo runomeriinposanue CpG-octposka B npomotope SCNA
# unTpoHe | cBs3aHo ¢ noskimenHbM yposHem MPHK 1 pazsuTiem
naronorudeckoro nponecca [34]. Takke nmokasaHo, 4TO O-CHHYKIE-
HH MOXKET B3aMMOJEHCTBOBAThH C FMCTOHAMH M THCTOHOBBIMHK arle-
mw-rpancdepasavu (HAT), nurubnpys anerwiuposanue HAT. Dro
c20HCTBO NpPOSBIAETCS B OTHOMICHAN IeaieTniasbl rucronos SIRT2.
SIRT2 BogjieueH B PerynslMio KIETOYHOrO LHKIA 4€pe3 AealeTHIn-
posanne o-TyOy/IHHA, YHacTBYs B COXPaHEHHH I0(aMHHEPrHYECKHX
#eHPOHOB 1OCPEICTBOM H3MEHEHHs arperaunn u-cuHykinenta. Obna-
PYAEHO, 4TO HMEHHO MOIH(HKALMK THCTOHOB 0GECIIeYHBAIOT MOHO-
annensHylo skenpecento SNCA y rereposuror no mytatmn AS3T [26].
Cumenne ypoBHs Jodamuna npu BIT ces3aHo ¢ pexykumei ricToHa
H3K4me3, B T0 BpeMs KaK MOCTOAHHAS TeParius JeBaI0n0i MPHBOAHT
& neaueTnanposannio rucrono HAKS, K8, K12, K16,

B nocnenee Bpems MOABHIHCH paboThl, MOCBALICHHBIE H3Y-
senmio sxenpeccun MuPHK mpu BIT. Tlpu usydenns skcrpeccHu
wiPHK B uepHoii cyGcranunn mpu bI1 ofHapykeHo n3MeHeHHe
yposas MuPHK mir-133b u miR-34b/c. [Ipeanonaraercs, uro
mir-133b MmuPHK perymupyer takrop Tpanckpunimu Pitx3, sosne-
sennbli B tHddepenurannio tohamuHepruyeckux neiiporos [35].

HecmoTps Ha JAokasanHoe ydactie metunuposanus JTHK, mo-
andukamnn rretonos u MEPHK B passutun bI1, cnenyer otmeTnTs,
4TO BAHSHHME MMIeHeTHYECKHX (DAKTOPOR B DObIIEH CTENeHH M3-
V4eHo B oTHOmeHuH rena SNCA, Toraa Kak ans OCTalbHBEIX TEHOB-
yyacTHHKOB BIT 3TOT BONpOC H3y4eH B ropasio MeHsLIei cTeNneH .

COBPEMEHHBIE METO/IbI TMATHOCTHKH BII

OcHoeHeIM MeToaOM auarHoctikn bIl asnsercs mabmonenne
KIMHHYECKOll cHMITOMATHKH 3aGorneBanus. B wacTHOCTH, pocTa-
TOYHO IHPOKO HCHONB3YIOT KIHHHKO-AHATHOCTHYECKHE KPHTEPHH
Banka rosioBHoro mosra odmectsa bI1 BennkoOpuTanun [36], npen-
aokerHbie B 1992 rony Gputanckum Bpadom XbiozoM. [laHHbIE KpH-
Tepun auMardoctHk Oonessu [TapkHHCOHA MO3BONSIOT YCTAHOBHTH
JMATHO3 ¢ TOYHOCTHIO 10 93% (COITIacHO JaHHEIM ayTONCHH):

1) HasMYHe THIOKHHE3NH H KaK MHHHMYM OJHOTO H3 CIeIylo-
X CHMITOMOB! PHTHAHOCTB, TPEMOp Nokos 4-6 ', noctypansHbie
HApyLIeHNs;

2) CcTOHKHIH NONOKUTENBHBIH I(dHeKT 1eB0I0MbL;

3) acummeTpuuHBIl 1e6ioT 3aboneBanus (CTAANA FreMHNAPKHH-
COHH3MA);

4) nporpeccupyiomiee TeueHHe;

5) oTcyTCTBHE B AHAMHE3e BOIMOKHEIX STHONOTHHECKHX (ak-
TOPOB;

6) BTOPHYHBI MAPKHHCOHM3M (IPHEM HEHPONENTHKOB, J0CTO-
BEPHO MepeHeCeH b HIE(DATHT, OCTPEIE HAPYIIEHHA MO3I0BOTO KPO-
B00OpAIIEeHHs, TOBTOPHEIE W TkENbIE YePEMHO-MO3TOBbIE TPABMBI);

7) OTCYTCTBHE CIEAYIOIIHX CHMITTOMOB:

a) Ha Beex cTaauAx 3aboneBaHus:

* OTYETIIHRON MOWKEUKOBOH W/HIH MHPAMHIHOH CHMITOMATHKH;

* HALAEPHOTO NapaInya B30pa;

* OKYJTOTHPHBIX KPH30B,

6) Ha paHHUX CTaAHAX 3aboneBaHHs:

* rpy0BIX NOCTYpPAIBHBIX PACCTPOHCTR;

» rpy0oii nporpeccHpyomleii BereTaTHBHOM HEOCTATOYHOCTH,

* rpy0oit IeMEeHIIHH.

[Ispoko H3BECTHO, YTO MATOTeHes PAsia HelponereHepaTHBHAIX
3aboneBaHnii MHHOHHPYETCA 3a MHOTO JIeT 10 NPOABIEHHS ABHBIX

KIMHHYECKUX cHMNTOMOB [37]. JlocTaTouHO TAKENO AHATHOCTHPO-
Barb BI1 Ha pannux craguax 3aboneBands, OCHOBBIBAACH TOJLKO Ha
KJIHHHYECKHX [TPOSABIEHUSX, MOCKOILKY PAHHHE CHMITOMBI G0Ne3HH
CXOKH C CHMITOMamH apyrux GonesHeii, CBA3aHHBIX C paccTpoii-
crBoM aBwkenud, [ToaTomy uyacTo npuberarwT K JAOMONHHTETbHLIM
METONaM IMATHOCTHKH, KAK HelipoBH3yanmsauus 10(aMHHOBONO
tpancnoptepa (DaT), aBnaromumes 10porim, TpedyoLnm HHBa3iu
u He seceraa s(dexrnsHbM MeTonom [38]. Jlo HacToALIero BpeMeHH
CYHMTAIOCKH, YTO HE CYMIECTBYET NOKIMHMYECKHX MAPKEPOB JIHArHO-
crukn BIT. B nocnenHee BpeMa aKTHBHO NPOBOAATCHA MCCAEN0BaHMA
110 M3y4eHHIo pori GenkoB, munuaos 1 Mukpo PHK ceiBopoTk Kpo-
BH Kak naGoparopHsix Onomapkepos auarsoctiku BIT [39, 40].

BBUIO YCTAHOBIEHO, 4TO rumephocdopuiuposannbiii Gesnok
TAU, raxke asa napatora MARK]1 cepunosas kunasa | (BRSKI1)
 peryaupytomas ahduusocTs MuKpoTpydouek kunasa 4 (MARK4)
onpesienenbl Kak narolornyeckne Mapkepsl, 00yciaBInBaiolue npo-
rpeccuposanne BI1 [41]. Takke HMEIOTCA HCCIEIOBaHMS, 10KA3aB-
wHe koppensuno ypoens Genka TAU B cHIBOPOTKE KPOBH € Hapylie-
HHEM KOTHHTHBHBLIX (DYHKILHil Y mlaiieHTos ¢ Gonesnsio [lapknHcoHa
u Ansureiimepa [42]. OTHOCHTEILHO HOBBIM HHCTPYMEHTOM JUid
MPOrHO3HPOBAHNS KOTHUTHBHEIX HApylleHui y nauueHTos ¢ b1 sB-
aserca Moau(uiMUpoBaHnklil cepriH Al. TToBBIIEHHBI MHK CEPITH-
#a | B HepeOPOCHHHAIBHOI KHIAKOCTH B 6 pa3 MOBIIAT PHCK BO3-
HUKHOBEHHA caboymus y nauueHToB ¢ Gosnesnsio Iapkuncona [43].

[eHeTHYECKHE MAPKEPHI ABJIAKOTCS BAKHBIM JAMArHOCTHYECKHM
MHCTPYMeHTOM 1Utsl BhisisieHus BIT na pasnux crammax 3aGonesa-
HHS, TO3BO/AA BRIABHTE JIIONEH, BXOMAIMX B TPYIIY pHCKA, TAKKE
yCTaHABIMBATE TEHETHUECKHE IpoQuH nauuenTos ¢ 6onesnsio [Nap-
KHHCOHA, H B TOC/IELYIOmEM TPOBOAUTE WHAHBHIYAIBHOE JIeYeHNE,
crneuhUIecKn KOMIeHCHPYs (YHKIHIO, 3aTPOHYTYH0 TeHETHHECKHM
nedexrom. Mcnonesys 3HaHNA 0 B3aUMOAEHCTBHH al/IeIbHBIX BapH-
AHTOR CO CPEIOBLIMH (AKTOPAMH, MOXHO pa3pabarbiBaTh HHAHBHIY-
aJbHBIE PEKOMEHIAMNH 0 M3MEHEHHIO CTHIS KM3HH, KOTOpbIE M0~
3BOIAT MHHAMH3HPOBATh PUCK 3200 1€BAHMS.

B nacrosilee Bpems i O0NbIIMHCTBA manuedtos ¢ bIT au-
ArHOCTMKA, JeYeHHe M OlEHKAa MpOrpeccHpoBaHMsA 3aboleBaHHs
NPOIOIKAIOT 338BHCET OT CyOBEKTHBHOI OLEHKH KJIMHHYECKHX IMO-
Kazareneil, HHOMIA C MCMOIB30BAHHEM CTAHJAPTHBIX LIKal, HO 3TH
TMOXO0/IB! HE A0CTATOUHO 0ObeKTHBHBL Takum obpazoM, MOHCK 00b-
exTuBHBIX Onomapkepos BI1 octaercs KpuTHueckH BaHOH obna-
CThIO (hyHIaMeHTaTBHO HelipoGHOIoTHH,

COBPEMEHHBIE METO/1bl JIEYEHHS BII

Kak B ciayuae co BceMH HeifponereHeparwBHLIMH 3a0oneBa-
HHAMH TpPHMEHAETCH HeHpONnpoTeKTHBHAA/ HeHpOpenapaTnBHas u
cummromaTnyeckas tepanus. Hefiponporexuusa n Helpopenapaius
HAIpaB/IeHbl HA TIPEIYNPEKIACHHE Pa3BUTHS HeHPOAEreHEPATHBHBIX
HIMeHEHHIl B KJIeTKax W o0ecreyeHHe BOCCTAHOBIEGHHH YacTHUHO
NOBPeKIEHHBIX, HO JKH3HECTTOCOOHBIX KIETOK, a Takike ofecrneuenue
yBeIHYeHHs YHCcaa HeiiporoB. K coxanenuio, Ha CEroNHALIHMII 1eHb
HE CYIIECTBYET HH OIHOTO METO/A JIEYeHHs, HH OIHOTO Npenapara,
0DNANAIoIEero BIPAKEeHHBIM HefiponpoTexTueHbIM 3 dekrom. TTos-
TOMY OCHOBHBIM MeTO/IOM Jiedernna bl spnseTca cumnTomMaTHyeckas
Tepaiys ABUraTeIbHBIX PACCTPOIICTB, LEbio KOTOPO# ABISETCS BOC-
CTAHOBTIEHHE ABHTaTeLHON (yHKIMH 118 HOPMATH3aluK KH3Heae-
ATenpHOCTH nanuenTa ¢ BIT [44].

MeaukaMeHTO3HAS Tepanus

Iensio mennkameHTo3Hoil Tepanui BI1 asnserca BoccraHOB-
nenue Bananca MekIy A0(GaMHHEPIHHYECKOH M XOTHHEPrHYeCcKoi
HelfpoTpaHCMHCCHel, B HACTHOCTH, YCHjIeHHe N0QaMHHEPrHYECKHX
(yHKUIAI WK 0aBIEHHE XOTHHEPrHHIECKOH FHNEePAKTHBHOCTH.

Ha ceroausunimii MOMEHT Ha MHPOBOM PBIHKE JOCTYIIHBI IIECTH
IPYNN J€KapCTBEHHBIX MPENapaToB, NMPHMEHSEMBIX MPH JEHEHHH H
tepanuu BIT: JIOMA-conepkaiiie Npenaparsl, aroHACTs A0(amu-
HOBBIX PELENTOPOB, MPernaparThl aMaHTalHHa, AHTHXOIHHEPIHYECKHE
rpenaparsi, HHrHOUTOPBI MOHOAMHHOOKCHAa36l (MAO) Tria B 1 ka-
texon-O-metuntpanchepassl (KOMT) [45].

Kak Gasosas Tepanus npu BIT npumensiores JJODA-conepia-
e npenaparsl. Jleponona, Bxosuias B COCTAB 3TOH IPYMNEI Ipemna-
paToB, MpeBpaiiasch B HelpoTpaHcMHTTEp N0(haMHH, BOCCTAHABIH-
BAET €ro KoJIM4YecTBO B rosoBHoM mosre. KomBunaums xapbunonsy/
JIeBOJIONEl OCTAETCH 30JI0THIM CTaHAApTOM IPOTHBOMAPKHHCOHHYE-
CKOJi TepalHH, OHa YIydIlaeT MOTOPHbIE HapylleHus, 0co0eHHO Ha
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paHHHX cTaauax 3abonesaHns, OHa OLICTPO BCACKIBACTCH, HEAOpOTras n
CYIIECTBEHHO CHHRAET PHCK CMEPTH, OJIHAKO MMEETCS OrPOMHOE KOJIH-
4ECTBO MOTOPHEIX M HEMOTOPHEIX MOGO4HRIX 3(iexTor [46]. Aroun-
CThI A0(AMHHOBBIX PELENTOPOB MO3BOMAIOT CHH3NTE PHCKH PAa3BHTHA
MOTOPHBIX (PIFOKTYALNH I INCKEHE3NIA, B CBA3H C YEM JAHHYIO PPy
MpenapaTtoB paccMaTpHBAIOT Kak 0a30ByH0 B 0DLIel cTparernu neve-
nus BI1 Ha Beex cramnsax, ocobeHHO ¥ NAHeHTOR MOJIOLOrO BO3pAcTa.

Jpyrue geThipe rpynmel NPENapaToB MPHMEHSTIOTCA B Ka4eCTBe
BenomorarensHoi repanun BIT. Dn npenaparsl N03BOJSIOT YCHANTE
apperTuHOCTS aeiicTus JODA-conepKaIIUX NPENAPATOR, YMEHE-
UIHTE YACTOTY MoOouHEIX HPHEKTOR W CHITY HX BO3ACHCTBHA U yIIy4-
LIHTh KAUECTBO KN3HH namuenton ¢ Sonesnsio Mapkuncona [47].

JleueGuas nporpamMma I8 KaKI0r0 NMAalMEHTa A0/DKHA OBITH
HHIHBHIYAIH3NPOBAHA C YYETOM BBIPAKEHHOCTH OTIENLHBIX CHM-
nToMoB 3aboieBannsd, cTeneHd (YHKUHOHAIBHON Je3ajanTaiuy, a
TaKke Hanuuus nobounsix sdpexton Tepanun. Bribop npenapara n
€ro /1032 3aBHCAT OT BO3PACTA, CTENEHH THKECTH 3abo/1eBaHus, Kor-
HUTHBHBIX HapyILIEHUi, conuanbHeiX (hakTopoB. CHMNITOMaTHYECKHE
npenaparsl Ha3HaYA0T METOIOM THTPOBAHMUA, T.€. JIcHeHHe HAUHHAKT
¢ cyOTepaneBTHYECKHX 703, MOCTENEHHO MOBRINAA CYTOUHYIO 103y U
0BOAA €€ /10 HeoOXOMHMOH, TPH KOTOPOH JOCTHTAETCS YIOBIETBO-
PHTENILHEI KOHTPOIIL ABHTATEIRHEIX HapylneHuit [48].

Heiipoxupyprudeckne MeToIbI JIeHenns

MenukaMeHTO3HAA Tepanus JaeT NONOKHTeNbHbIH 3(deKT,
OIHAKO MpH JUIMTENLHOM TPHMEHEHHH TIPENapaToB pa3BHBAETCA
NPHBBIKAHUE W NOABIAKOTCA Mobodnbie 3(deKTrl, TakHe KAk Jekap-
CTBEHHEIE IKCTPANTHPAMHJIHEIC PACCTPOHCTRA, IeKapCTBEHHAS THCTO-
HHA, TeKapCTBEHHA aKkaTH3us | Ipyrue. B atoM cinyyae npuberaior K
Helipoxupyprudeckum mMertonam neverus BI1. Hupoko pacnpoctpa-
HEHHBIM METOI0M XHpypruveckoro nedenns BIl gensercs rmybokas
CTUMYIALMA OTAeN0B ronosHoro mo3ra (I'CI'M). [lannas nponenypa
3AKII0MAETCH BO BXKMBICHUN B TOPAKEHHYIO 00J1aCTh MO3ra 0coBBIX
MHKPOIEKTPOIOB, BEIPAOATEIBAIOIIMX MIEKTPHIECKHE HMIMYIbCH,
KOTOPBIE BO3NEHCTBYIOT Ha [y0OKHe MOJKOPKOBLIE Apa IOJOBHOIO
MO3ra, YTO CTHMY/JIHPYET Nepeiady HepBHLIX HMMYILCOB MO IBHTa-
TeasHbIM BojlokHaM. ['CI'M cyBranamudeckoro sapa AeHCTBYeT cH-
HEPru4HO ¢ npenapatamy H kynupyetr cumnrtomst bI1, uto nozsonser
YMEHBILINTE JIO3Y JEBOJIONE], TEM CAMBIM YMEHLINAS PHCK MeIHKa-
MEHTO3HBIX JIBHraTelbHbIX paccrpoiicTs. Oanako ICI'M B KauecTBe
JieueHHs oAXoauT He BeeM nanuenTam ¢ BI1. Kpurepuamu nckmoue-
HHA Ipy Xupyprudeckom nedennn BIT aenatorea: neaddexrnsrocTs
MPOBOIMMOIi NpenapaTaMy Tepanuy, Taxenas HHBAIHAH3ALMSA, 00-
MEMEIHIHHCKUE NOKA3aHNA K XHPYPTHYECKOMY TIeHeHHID W HaluiHe
nementun [49].

Kaerounas tepanus

Crenyer nogyepKHyThb, 9TO KOHCEPBATHBHAA MEANKAMEHTO3HAs
M XHpYpPruvecKas Tepanus HaleleHa Ha YIydIIeHHe MOTOPHOH CHM-
mromariky 3aboneranns. B To xe Bpems npouecce HeifpoaereHepamu
npogonskaerces U Gonesus niporpeccupyer. B 1987 roay enepesie Gbiia
NPUMEHEHA KJIETO4HAA TepanmHus Ha nauuentax ¢ Gomesnsio IMapkun-
cona, OCHOBHOMN 1eNBI0 KIETOMHOI Tepariy SBISeTCs 3aMeHa Jere-
HEPHPYIOIMX 10aMHHEPrHYSCKHX HeHPOHOB B 4epHOH CyOCTAHIIMH
3a cYeT IMOPHOHANBHEIX CTBOMIOBRIX KIETOK, COCODHRIX muddepen-
uupoBarkes B Molkie KIeTkH opranusma. Ha naussii MomenT Guuio
HPOREIEHO GONBINOe KOMHYECTBO in Vitro W in vive HCCIENOBaHHI C
MHoroofeamumMi pesyisratamu [50-53], Ozxmako uccheaoBanus
MOKa3bIBAIOT, 4TO HMEIOTCH CYILECTBEHHERIE TPODIEMBbl, TAKHE KaK PHCK
pa3BuTHs HOBOODPAZ0BAHMI H HMMYHHEIX ripodiem [54]. Bonee Toro,
BEIKHMBAEMOCTh MEICHXHMATBHEIX CTBOMOBBIX KJIETOK TAKKe ocTaéres
cymectserHol npobiaemoii nannoro metona (55, 56]. Muaynnposan-
HBLIE CTBOJIOBLIE KJIETKH B 3TOM ClIydae spnsioTes fonee MoIXOasIHM
MaTepHaIoM NPH KIETOUHOH TepanHy, NOCKOABKY HCKIIOYaeTCs PHCK
MMMYHHOTO OTTOp/KEHHMA H HMMYHOcynpeccuu. Henaenme wuccre-
JIOBAHUS TIOKA3a/H, YTO TPAHCIUIAHTALMA OenoK-HHIYIHMPOBAHHKIX
CTBOJIOBBIX K/IETOK B YYA4CTKH CPEIHEr0 MO3Ta MMEIH Cnoco0HOCTH
BOCCTAHAB/IMBATL JBUraTenbHble QyHKUHH, AnddepeHunpysics B 10-
tamuneprideckue Heifponst [S7].

l'ennas Tepanns

[Mo manmbIM McchenoBaHWIl, HEKOTOPhIE HEIABHHE TOMBITKH
NPUMEHEHHA FeHHOI Tepaniy 0L yCTIenIHe! B pakHeil Tepanuu BIT.
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Ipynna yueHBIX NPEUIOKHIA METOA, B KOTOPOM BEKTOP HA OCHOBE
anenopupyca (AVV2) GvT HCTIOMB30BAH LIS NEPeHOCd IeHOB Mall-
enTam ¢ Gonesnsto [Napkuncona. JlanHelii MeTOR MO3BOASI TONY-
4HTL HEHPOH MPOIYLUHPYIOLIHE HefpOTPaHCMHTTEPLL, OTIHYAIOIIH-
ecA XHMHYECKOH CcTpyKTypoit. [IBe ocrosbie ofaacTn Bo3aeiicTRHA
BeKTOpa: cybTanaMuteckue HeilpoHsl. B kotopoM AVV BeKkTop BO3-
neficTeyeT Ha (epMeHT rayTamaraexapbokcnnassl (GAD), KoTOpEIH
cnocoded TpaHC(HOPMHPOBATE IIYTAMATEPrHYECKHe Hel[pOHE! B raM-
Ma-aMHHOMACAARYI0 KucaoTy (GABA), ROPMATHIHPYIOLIYIO TOPMO-
JKeHHe cyDOTajlaMHYecKHX HePOHOB ¥ APYIoil PerHoH B XBOCTATOM
A7pe NOI0CaTOro Tea, Fie 3T0T BHPYCHLH BEKTOP MOKET BBOJAUTLCA
u anhepeHIIHPOBATLCH B HEHPOHE NOAOCATOND Teaa, O0BIYHO CHH-
TE3IHPYIOLIHE HElPOTpacMUTTEpHLIN Jodamus [58],

B nonsiTke VAyHInHTE BHIpaboTy J0MaMiHa B 1010CaTOM Tene
OBLTH HCCIIEOJOBAHBI H pm:cuorpcm HHBSKIMH TPHUOHCTPOHHOTO
BEKTOPA HA OCHOBE JICHTHBHPYCA, KOAMPYIOMIETO THPOSHHI HAPOKCH-
nasy, eKkapooKcHiasy apoMarHuecknx amusokicaor H GTP umxio-
rHApoa3el B nosocaroe 1eno. Jososasucimeiii addexr 6bu1 BoIAB-
nieH ¢ HanbonbIel NoAL30H ¥ 43%, NANEHTOR Yepe3 HIeCTh MECHIIeR
riociie HHbeKIn [59].

HMcnons3osasie resHoi TEpanmiy 30 CHX MO OCTAeTCA npeame-
TOM criopoB. OHAKO Ha OCHOBE MOAYSCHHBIX NOAOKHTEIBHRIX pe-
3YIBTATOR JATbHEHIINE HCCASIOBANNE NPOIOAAAIOTCH.

beakosas weiiponporexTussas repanus BI1

Benkosulii rOME0CTa3 NOLICPEMBASTCE 33 CHET KOOPAHHALMH
aKTHBHOCTH CHHTE32 Oeak0s B MEXAHHIMA HX Jerpajalif i BKIoYa-
eT B ce0s NPaBHIBLHYIO IKCHPECCHio, cOOPKY. NOCTTPAHCIAUHOHHYIO
MOIHGMKAILIO, TAPTETHPOBAHNE H ROHCHHYIO yTHam3ammio Oenxa.
H3sectHo, 4To H3MeHeHNR B GEAKDBOM TOMEOCTA3€ CBA3AHO ¢ PAIOM
HeiipoereHepaTHBELIX 3abonesanui. Hanpumep, Oeaok a-cuHyKne-
MHA SRJIAETCH BawHbM Geamom 8 mEaykums natorenesa BII. [Ipen-
nonaraiot, 5ro ofpasosasse Tesen JlesH, susBnronmxcs npu BII,
CBA3AHO ¢ NATONOTHHECKOH arperanme a-CHHYKICHHA, 00yCITOBNEH-
HOH HApyLICHWAMH €70 MeTaf0aNYecKof Jerpazaliuy B KIETKe, pac-
CTPOCTBOM €10 aKCOHATLHOND TPAHCTIOPTA Wil HHEIMH dakTopaMu
[60]. [TpeaoTspamene arperausm i HENPABKILHON COOPKH AAHHOTO
Oe/lka #BiseTCs [MasHON ueTRl OpH paspaborke HeifpornporexTop-
Hoii Tepanun bIL. TpeaoTspamenye HaKonIeHNA HENPABUILHO CBEP-
HYTBIX GeJIKOB G-CHHYKICHHS IOCTHIRETCH MyTeM HHIHOHPOBaHHA
HAKOIUICHHA MK CHHTEIA O-CHEYKACHHA, YCKOPEHHEM npoliecca Je-
rpajanui yOHKBHTHH-IIPOTEACOMESIM HIH TH30COMHEIM ITYTSAMH HITH
BO3AEHCTBHA HA NPOMSEYTOSHEE XHMEGCCKHE MOMEKYIIbI, YUacTBy-
0LIME B NTPOLIeCce CHATE3A a-cHEyKaenEa [61].

Hemortopnsie napymenus nps BI1

¥ mioneit ¢ BI1 no mepe nporpeccuposasig 3ab0EBaHiA POSB-
AAKOTCA CONYTCTBYIONINE HEMOTOPHEIC HapYIICHIA, TAKHE KaK JeMeH-
[HA, TCHXO3bl, TPEBUKHO-ICTPECCHBHRIC HApYIICHHSA, THCCOMHHH,
YTOM/ISIEMOCTb, HapymieHue pesn u apyrue. [lo zaHHBIM HccnenoBa-
HHH, BRIPAKEHHOCTE ITHX CHEIPOMOS B2 3aBHCHT 0T BO3pAcTa | nona
GOTTBHBIX, @ TAKAKS OT OCHOBHEIX MOTOPHEIX NPoARICHHIT 3abonesanns.
YCTaHOR/EHHAS CONPAACHHOCTSE IMOUHOHATLHBIX, JUCCOMHHYECKHX,
BETETATHBHEIX HapylleHHH # YCTAIOCTH CBHACTENRCTBYET 00 MX KO-
MOPOHIHOCTH ¥ ODHIHOCTH MexaEnIMos dopmupoeanns [62].

Hepnasine HecnenoBaEis MOKAINBAOT HAIWYHE HEKOTOPOTO
cxonersa cunapoma [lapxmmcosa m Goseasm Ansureiimepa (BA).
Henaet cxownvi BA u BIl nosssesse sxcTpanupaMuHLEIX CHMITTO-
MOB, KOTOPbIE NPOABAAIOTCA HAPVINCHMAMH B BHIE 3aTPYIHEHHBIX U
3aME/UIeHHLIX JIBHAREHNH, CnacTs=ocTH B0 BeéM Tene. [lpuunHoi
ITHX CHMIITOMOB ARISETCA BIOPHSHOE HOpaxenue q&pHOil cyd-
cranuud Mo3ra. llepsutnas JoxaTHIauNs NaToNOTHYECKHX OYaroB
B MO3r€ NPH ITHX O0JC3HEX ONPeIeaseT PadIHvHbIC KIHHHYECKHe
nposBiaeHns Aemenuni [63]. Tlopa&enne NOAKOPKOBBIX CTPYKTYP
BBI3BIBAET CHMITOMBI OCialiieHns BHMMaHWA W npeobiagaHue ne-
npeccHBHLIX 3nH30a08 np# BIL 2 npit BA nepsocTenennsM B MHTEN-
JEKTYAILHBIX HAPYIIEHHAX ARAAETCSE ASHUIINT NaMATH H MBILIICHHA.
[Tpu >ToM GonbHBIE He MOTYT cebs OBCIYANTS, He Y3HAIOT POICTBEH-
HUKOB, 3a66IBAIOT HA3BAHHA TIPEIMETOB.

Haykoit nokazano yuacTie AO(aMMHEPIHHUECKHX CHCTEM B
naroreHese wmzo(penvn. HefiposenTukn. kotopsie OGIOKHPYIOT
nohaMHHOBLIE CTPYKTYPEI B MO3re, HCHOMB3YIOT /IS JIeYeHHS MIH-
sotppennn. [loBouneim ddexTom Takoii Tepanuy ABATETCS Pa3BHTHE
napkuHconnsma. B mexoropeix cayuasx sdQekTHBHOCTE Hedipo-
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JeTTHYECKOH TEeparmuy OLEeHHBAIOT MO MOABICHHIO CHACTHYECKOro
cunapoma, cxoasoro ¢ BIT [64].

Creayer NOAYEPKHYTh, YTO HMEIOTCH JAHHBIC 10 B3aHMOCBA-
s BIT ¢ snunencueit. Onnako obmue naroreneriueckue GakTopsl
+7Or0 ABEHHMA /10 CHX TOP TOYHO He ycTaHoBleHsl. Cpein mpearo-
saraeMbiX (JAKTOPOB PACCMATPHBAIOT HAPYIICHHE HOpaJpeHepruve-
cx0il CHCTEMBI, HEHpPOMaToIOrHYecKHe HIMEHEHHsA TUIMOKaMIa H
£r0 MHHEPBAIHHT 0T ro/ty6oro naTHa, NoAaBIeHHE asrodarnn. Kpome
TOT0, W3BECTHO, YTO MPH HEKOTOPHIX SMHJIENTHYECKHX CHHIpOMAax
PErHCTPUPYIOTCS M3MEHEHHS KOMIOHEHTOB A0(aMHHEPrHuecKoi
cucremsl. B 1o e Bpemst nipu Sonesnn [NapkuHCcOHa HEKOTOPBIE MPO-
THBOITHAENTHYECKHE MPENaparhl OKa3bBalOT HEHPOTPOTEKTHBHOE
soaneiicTBre Ha todaMuHepruyeckue Helponsl [63].

3AK/THOUYEHHE

BIT sisiisieTes OfHoi 13 HauGosee COKHBIX M BXKHBIX MpodieM
coapeMeHHOH MeanimubL HecMoTps Ha OrpOMHOE KOIHHECTBO HC-
caen0Banmil 1o reserrke BT, TOYHBI MexaHHW3M HelpoiereHepalH
ocraeTes HEeM3BECTHBIM, UTO 00ycnaBanuBaeT npodieMy OTCYTCTBHA
MapKEpOB PAHHMX 3Taros 3aboeBanns, a Takxke aeverus bI1. B na-
crosmee Bpems B orHomenny BI1 nabmogaercs MHTEpeC K BhIABIE-
S0 HOBBIX MEHETHHUECKHX M JMHTeHETHUYECKHX (DAKTOPOB, KOTOpEIE
no30nnan Gbl He TONBKO YITyOHTE NOHHMaHHE MOJIEKYIAPHOH oc-
#OBBI Pa3BUTHs MATONOrHil GOMe3nH, HO M CO3aTh HOBBIC IHATHO-
CTHYECKHE TECThl, OCHOBAHHBIE HA JETrKOZOCTYIHOM OHOIOTHYECKOM
satepuasie. PaHuss JMArHOCTHKA MO3BONMT MPOBOIHTE Y MalHEH-
TOB AKTHBHOE NMPO(HIAKTHYECKOE JIEUEHHE H CBOGBPEMEHHO Ha'aTh
2TEKBATHYIO CHMITOMATHYECKYIO TEPauio.
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TYHUIH

Iapkuncon aypysi 1817 buibi Txeiime Tlapkunconmen maiiRay cag cHEIpoMsl len cumarraarad, CoHbIMeH
Kkarap IIA neiipogerenepaTusTi aypyaap apacbinaa naiiaa Soay :miniri Solisinma exinmi opsinaa. Ou ajemuin dap-
JBIK NONYIANHACLIHAH Ta0BLIFaH TYPAKThI CO3BLIMAJIBI Yaemesi aypy Doabin Tadbiaaass. [1A Gearinepi gamyni (0ya-
HILIK KATTBLIBIFBI, TPeMOP, OpaJHKHHE3Hs, KAJAbIN OY3bIIYBI), MH Kapa CYOCTAHUHACHIHIAF LI 10haMHHEPreTHKAIBIK
HEHPOHIAP/ILIH JKOFAJYBIHA YINTACKIN, MHIBIH CTPHATYM /1eHecinaeri 10)aMuHl KOHUEHTPAUNACLIHLIH TOMEHIeYiMeH
baiinanbictTel. Kebinece ITA Gearisepi nodamunepreTukanbik Heliponaapasin S0-80% asrpinaaranaa rana naijga 6oaa
Oacraiinel. [TA cefenkep GonaTbiH MU Kapa cy0cTaHIHACHIHIATEI 10haMEHEPTETHRAILIK HEHPOHIAPIBIH KOMBLTY Me-
XaHH3Mi 0CBI YAKBITTA 31 e alikbinaaamaran. ConapikTa ITA aHBIKTAHTEIH 3EPTIAHATLIK IHATHOCTHRAIBIK TecTinep
MOK. AypyJap/ibl AJ11bIH 2J1a aHBIKTAY K9He eMey KaHa dlicTepin i3zey yumis samanayve MeiuuuHa GAPFaH aypyIbIH
MOJIEKYJIAIBIK-TeHeTHKAIBIK Herisaepine Oypbin oTeip. 3eprreyiepain marwaenepi 1A xopmaran opra daxropia-
PBIMEH, OMIp CYPY KaFaaiibl JKOHE reHeTHKAIBIK KayinTidiri KapbiM-KaTeiHaceis asskraiel. [TA 1aMybLIHA KATBLICTEHI
AHBIKTAJIFAH FeH/IEp KIHe JTOKYCTap OolibIHIIA TepeKTep G0JFaHbIMEH, AYPYILIH TYRIHIAVE! MEH 1aMYBIHBIH MOJIEKY/1a-
JIBIK MeXaHH3Mepi TOAbIK TYCiHIKTI emec.

Herisri cosnep: Mapkuacon aypyel, 10()aMHHEPreTHKAIBIR HEHPOHIAD, HEHPOHIAPILIN AOHBLIVLI, TEHIED.
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