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HapyweHue o6MeHa )xenesa Kak BO3MOXXHbIH
MeXaHU3M pa3BUTUA HeWpoAaereHepaLuu nocne HOBOM
KopoHaBupycHoi uHdekuuu COVID-19
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BoBneueHne HepBHOW cuCTEMbI B MaTONOrMYECKUA MpOLECC, BO3HMKawWMiA npu uHbMumpoBaHun COVID-19, craHo-
BUTCA BCe bonee o4yeBMAHbIM. PerynsipHo MofHMMaeTcs BOMPOC BO3MOXHOCTW AebioTa MM MpOrpeccupoBaHus yxe pas-
BMBLLEr0Cs CHAPOMA MapKUHCOHM3Ma Yy maumeHToB, nepeHectumx COVID-19. Beigsuraetca 6onbluoe KOnM4ecTBo runotes,
00 BACHALMX [aHHYI B3auUMOCBA3b. [lpefnonaraeTcs, YTo HapyleHue obMeHa enes3a B rOJIOBHOM MO3re MOXKET Jie-
XaTb B OCHOBE Pa3BUTUS W MPOrPECCHPOBAHUS HEMpOLEreHepaTvBHbIX 3ab0neBaHWi, B TOM YMC/e MOC/e MepeHeceHHoM
HOBOM KopoHaBupycHoit MHdekumm SARS-CoV-2. lpoBepeH aHanmM3 uccriefoBaHMIA N0 BOMPOCY BO3MOXHOIO BAMAHUS Ha-
pyleHns 0bMeHa Xenesa Ha BO3HMKHOBEHME M MeXaHu3M pa3BWUTUSA HelipojereHepaTuBHbIX 3aboneBaHWi nocne uHOU-
umpoBaHus SARS-CoV-2. OnucaHbl npouecchl (UM3MOMOrMYeCKoro NOAAEPKaHMA FOMeocTasa JKeniesa, a TaKkke Bus-
HWA QU3MONOTMYECKOr0 CTApeHUs Ha HaKOMMeHWe enesa B LeHTpanbHOW HepBHOM cucTeMe. 0bcyxpaeTcs B3aUMOCBA3b
runepdeppuTHeMMM, Bo3HuKatowei npu COVID-19, u dbepponTo3a Kak 0CHOBbI HEMPOAEreHepaTMBHOrO npolecca npu bo-
ne3uu lMapkuHcoHa v 6onesnn AnbureiiMepa. OnmcaHbl 0CHOBHbIE MONIEKYNIAIPHBIE MEXaHU3MBbI, Y4acTBYtoLLMe B GepponTose.
MpuBeLEeHbI NpUMEpbl BOBMEYEHUS! HApYLLEHWUS rOMeocTasa MeTasioB B MNPOLECC U3MEHEHUS CTPYKTYpPbl O-CUHYKIIEMHa,
cuHTe3a B-amunonga, runepdocdopunmnpoBaHHoro Tay-oenka. 00CYKAAOTCA NPUUMHBI M3OLITOYHOMO HAKOMMIEHWUA JKenesa
B OMPeAENIEHHbIX CTPYKTYpax rosioBHOro Mo3ra. [poaHanmavpoBaH BONPOC BO3MOXHOCTM UCMO/Ib30BaHNA OLEHKW U3MEHEHUS
0bMeHa enesa B KayecTBe HOBOr0 b1oMapKepa nporpeccupoBahns bonesnu MapkuHcona (1 puc., brubn.: 62 uct.).

KnioueBble cnoBa: 6onesHb AnbureiiMepa; 6one3Hb MapkuHcoHa; runepdeppuTMHEMNUS; XKenes3o; HeMpoereHepaLms;
tdepputuH; deppontos; COVID-19; SARS-CoV-2.
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The disorder of the iron metabolism as a possible
mechanism for the development of neurodegeneration
after new coronavirus infection COVID-19
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The involvement of the nervous system in the pathological process that occurs when COVID-19 is infected is becoming
more and more obvious. The question of the possibility of the debut or progression of the already developed Parkinson-
ism syndrome in patients who have undergone COVID-19 is regularly raised. A large number of hypotheses are put forward
to explain this relationship. It is assumed that a violation of iron metabolism in the brain may underlie the development and
progression of neurodegenerative diseases, including after the new coronavirus infection SARS-CoV-2. The analysis of stu-
dies on the possible influence of iron metabolism disorders on the occurrence and mechanism of development of neuro-
degenerative diseases after infection with SARS-CoV-2 has been carried out. The processes of physiological maintenance
of iron homeostasis, as well as the influence of physiological aging on the accumulation of iron in the central nervous system
are described. The relationship between hyperferritinemia occurring in COVID-19 and ferroptosis as the basis of the neurode-
generative process in Parkinson’s disease and Alzheimer’s disease is discussed. The main molecular mechanisms involved in
ferroptosis are described. Examples of involvement of metal homeostasis disorders in the process of altering the structure of
a-synuclein, synthesis of B-amyloid, hyperphosphorylated tau- protein are given. The causes of excessive iron accumulation in
certain brain structures are discussed. The question of the possibility of using the assessment of changes in iron metabolism
as a new biomarker of the progression of Parkinson’s disease is analyzed. (1 figure, bibliography: 62 refs).
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HEVPOVHDEK LA

BBEJAEHUE

Bo BpeMs naHgemum ctano sicHo, yto SARS-CoV-2 Bbi-
3blBaeT He TOJIbKO PecrupaTopHble 3aboneBaHns, HO TakKe
MOXKET MopaxaTb MHOXEeCTBO OpraHoB U TKaHeW. OTAenbHO
cneflyeT OTMETUTb BOBJIEYEHME HEPBHOW CUCTEMbI B MaTo-
NOTUYECKMIA NPOLLECC, BO3HUKAMOLWMUIA NPU MHDMLMPOBAHWM
COVID-19. 06 ocTpbIx ¥ NOAOCTPLIX HEBPOMOrMYECKMUX OC-
NOXKHEHUSX Pa3NIMYHON CTEMeHU BbIPAXEHHOCTU coobLua-
etcs y 85 % naumentoB ¢ SARS-CoV-2. [lo 65 % ntogen
¢ COVID-19 cTpapatoT runocMuen, KoTopas TaKKe SBRseT-
CSl pacnpocTpaHeHHbIM MPEMOTOPHBIM CUMMTOMOM 60me3HH
MapkuHcoHa (BM). 3T0T cMMNTOM, LOMOJIHEHHBIA COODLLEe-
HMAMKM 0 AebiloTe UMK MPOrpeccMpoBaHUM CUHAPOMA nap-
KWHCOHM3MA Y nauwmeHToB, nepeHecwmx COVID-19, npuenek
BHMMaHME MeJMLIMHCKOr0 Co00LLecTBa K BO3MOXHOM CBA3M
Mexny uHbekumeir SARS-CoV-2 u BI1 [1]. BeiaBuranocs
MHOXECTBO FMMOoTe3, OMMChIBAKOLLMX NOTEHLMANbHbIE MeXa-
HW3Mbl TaKoii CBA3N.

O0CHOBHASA YACTb

COVID-19 MoxeT paccMaTpuBaTbCs Kak CUCTEMHas BOC-
nasuTeNbHas peakuus, KOTopas XapaKTepusyeTcs yrpoato-
LLMM XU3HU TUNepBOCMaNeHNeM U LUTOKUHOBBIM LUTOPMOM,
KOTOpbIiA B KOHEYHOM MTOre MPUBOAMT K MOAMOPraHHOW
HegocTaToyHOCTU. LIMTOKMHOBBIN LITOPM TecHO accouuu-
POBaH C runepdeppuUTMHEMMEN, MPU 3TOM OKOHYaTeNbHOro
natoguaunonoruyeckoro 060CHOBaHWA AaHHOM B3aWMOCBS-
31 He npepcTasneHo. A.A. 3aiueB 1 CoaBT. NpeLnonarar,
yTo neperpyska xene3oM y bonbHbix COVID-19 mMoxeT 6biTh
MCXOAHOM N0 CneficTBUEM «ayTOKaHHWDbanu3ma» (3a cuet
reMoBOro ¥ MMOrnobUHOBOrO Kenesa), a TakKe pesynbra-
TOM CeKBeCTpaLym enesa B Makpodarax B pe3ynbrate cu-
cteMHoro Bocnanenus [2]. 10.M1. OpnoB v coaBT. yKasbIBaloT,
uyTo B reHe3e runepdepputuHemmuu npu COVID-19 kntoyesyto
posb CnefyeT OTBOAMTb LMTOKWHOBOMY LUTOPMY, @ He Ha-
pylweHnsM obMeHa Kene3a U He reMOTOKCUMYECKOMY [eil-
cTeuto Bupyca [3]. lpum 3ToM NpoBeAeHHbIe PeTPOCNEKTUBHbIE
CPaBHUTESIbHbIE aHaNM3bl MOKa3aiu, YTO runepheppuUTUHe-
Mus cneundmyHa umenHo ana COVID-19 u He Bo3HMKaeT
npu Opyrux BocnanuTenbHbIX npoueccax [4]. B nobom cny-
yae, BO3pOCLUMA MHTepec K B3auMocBsin SARS-CoV-2 u nap-
KMHCOHM3Ma 3aCcTaBJisieT paccMaTpuBaTh HapyLLeHne 0bMeHa
Kene3a KaK 0CHOBY pa3BUTUs 1 NPOrpeccupoBaHns pasBUTUs
HeMpoaereHepaTUBHbIX 3aboneBaHuii.

Yeneso yyacTByeT BO MHOTUX XMU3HEHHO BaXHbIX Mpo-
Lieccax, TaKMX KaK TPaHCMOPT KUC/OPOLA, MUTOXOHApUab-
Hoe fbixaHue, cuHTe3 [HK, MuennHa, HelipoTpaHCMUTTEPOB.
lMopdepxaHue romMeocTasa Kenesa — KJKYEBOW MOMEHT
(YHKLMOHMPOBAHNA TONIOBHOMO MO3ra, B TO BPEMS KaK ero
Jm3perynsaums cnocobHa NpUBECTW K 3anyCcKy HEeMpOTOKCHY-
HOCTW. MexaHW3M NOAJEpPHaHUA roMeocTasa 3aK/lvaeTcs
B MOJIEpXaHUM PaBHOBECUA KOHLIEHTpauuu xenesa. B cny-
yae, KOria YpOBEHb XeJle3a B KIETKe HaUMHAEeT NPeBOCXOAUTL
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ee aKKyMY/MpYIOLLYI0 CMoCOBHOCTb, pPa3BMBAETCA OKCMAATMB-
HbIii CTPECC M HacTynaeT ee rubesb.

Mpu dusmonornyeckoM cTapeHnn npoucxoaut msbupa-
TeNlbHOE HaKOMJEeHWe Kenesa B OMpeAeNieHHbIX 0bnacTsx
MO3ra 1 TUNax KIEeToK, MPUYEM XeJe30 B 3TOM clyyae npej-
CTaBneHo GeppuUTMHOM U HelpoMenaHuHoM. B cnyuae xe
HelipoJereHepaTMBHOIO NpoLecca NpoMcxoauT U3bbITOuHoE
OT/IOXEHWE Kene3a B AaHHbIX 0bnacTax, 1 3a4acTyro Bblpa-
YKEHHOCTb 3TOro npoLecca KoppenupyeT € BbIPaXKeHHOCTbH
OKUC/IUTENbHOrO cTpecca. fBnseTcs M M3bbITOYHOE HaKon-
NeHune Kenesa, onMpefenseMoe npu HelipogereHepaTMBHbIX
3aboneBaHusX, MEpPBUYHBIM WM BTOPUYHBIM MPOLLECCOM,
OKOHYaTeJIbHO He BbISICHEHO.

B opraHusM yYenoBeKa ene3o MoCTynaeT C MULLEN
W [anee BCaCbIBAaeTCS B TOHKOM KuLIeYHuKe. llocTynneHue
JKeNe3a B KULWEYHWK OCYLLECTBASAETCA 3a CYET Takux ben-
KOB, KaK (epponopTuH, AMBaeHTHbIN MeTannoTpaHcnop-
Tep (TpaHcnopTep ABYXBaneHTHbIX MeTannos (DMT-1)),
pyoneHanbHbin uutoxpoM B (DeytB), redectu (BHyTpuKIie-
TOYHBIA @Hanor NJasMeHHOro LepynonnasMuHa), hakrop
Bbicokoro Fe (HFE), xene3o-perynstopHbiii anemeHT (IRE)
U Xeneso-perynatopHoid Genok (IRP), remcuamu [5, 6].
Bce nmepeuncneHHble BenKW CUHTE3UPYHOTCS SHTEpOLMTaMM
B COOTBETCTBUM C 3anpocaMu opraHusMa. Kaxpoe Hosoe
MOKOJIeHWe IHTEPOLMTOB 3arporpaMM1POBaHO Ha TeKYLLYIO
noTpebHOCTb OpraHM3Ma B xenese.

Yeneso nuww npeacTaBneHo oK1ceHHoit popmoit Fe*,
npu yyactum DcytB Ha noBepxHOCTM 3HTepoLmTa OHO Mpeob-
pa3yetca B Fe?", a 3atem ¢ nomowbto DMT-1 HauMHaeT caoe
nepeMeLLeHue K bazonarepanbHoii MOBEPXHOCTU KIETKY, rae
coeauHsAeTca ¢ (hepponopTMHOM U redecTMHOM W NepeHo-
cuTCA Yepe3 MeMbpaHy B nnasmy. Perynaumsa pabotsl DMT-1
1 dhepponopTiHa 3aBMCHUT OT YPOBHS Nyna 3Kenesa, Ha KoTo-
pblii pearupyeT B3auMoCBA3aHHas npoTemHoBas napa — IRE
n IRP (npu Huskmux 3anacax IRP cBsa3biBaetcs ¢ IRE u ctu-
MYnMpYeT 3Kcnpeccuio TpaHcheppuHosoro peuentopa (TrfR),
1 HaobopoT). YHMBepCcanbHbIM perynatopoM MeTabonusma
enesa ABNSAETCA rencuiyH, BIUSIOWMA He TONBKO Ha ab-
copbLMio MULLEBOTO XeNe3a, Ho U Ha BbICBOOOXKIEHUE €ro
13 Makpodaros. MencuanH sBnseTca oTpULATENbHBIM pery-
nATopoM MeTabonM3Ma Kenesa, OH OKasbiBaeT BIoKMpYHo-
LLiee BO3JEMCTBME Ha Ntoboi TPaHCMOPT JKenesa U3 pasnny-
HbIX KNETOK M TKaHeW, BK/I0Yas 3HTepoLMThl, Makpodar,
nnaweHTy v ap.

Bonbluas vacTb xenesa moctynaeT obpaTHo B pycno
n3 darocoM Makpodaros nocne arouuTosa CTaperLmx
3pUTPOLMTOB. M3NNLWKK Xene3a LenoHUpyTCA B BUAE MO-
neKyn GeppuTMHa 1 reMocuaepuHa.

lMocne BbIX0fa M3 3HTepoLMTa WMAM Makpodara eneso
CBA3bIBAETCA C TPaHCHEPPMHOM W C ero MOMOLLbI TpaHc-
nopTUpyeTcs K opraHaMm u TKaHsaM. CuHTe3 TpaHcdheppu-
Ha HaxoauTcs B 00paTHOW 3aBMCMMOCTU OT YPOBHSA Xe-
nesa B opraHu3sMe. [lepefava xenesa u3 TpaHcheppuHa
B K/IETKY OCyLLecTBNseTCA ¢ noMoLubto TrfR yepes Komnnekc
TrfR—TpaHcdeppuH, KOTOPLIA MOrPYXaeTca BHYTPb KIETKMU
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B BU[€ 3HAO0COMbI. Xene3o nocToAHHO NepeEMELLLAETCA MEX-
[y HEMpOHaMU, MUKPOTJIME 1 acTPOLIMTaMM, 0[JHAKO OKOHYa-
TeSIbHbIA MeXaHW3M [aHHOro ABUMKEHUS HesAceH. TpaHcdep-
PWH B FOJIOBHOM MO3re CMHTE3UPYETCA B OIUTOAEHTPOLMTAX
1 COCYAMCTOM CNETEHUM, OAHAKO CEKPETUPYETCS TOJBKO No-
cnepHuM [7]. Kak oTMevanoch BblLUe, ene3o UrpaeT BaxHYH0
pojib B MUeNUHM3aumn. OnurogeHapoLnTbl CNOCOOHbI Noy-
YaTb JKeNe30 KaK M3 Kanunnspos, Tak U U3 MHTePCTULMaNb-
HOro NPOCTPaHCTBa (MHTEPCTULMANBHBIA GEpPPUTHH).

0 MeTabonusMe xenesa B MUKPOrIIMM UMEETCS HeLO-
CTaTOYHO CBEMEHUN, OIHAKO U3BECTHO, YTO aKTUBALMSA MU-
KPOr/MM NPUBOAMT K YBESIMYEHUIO MOrNOLLEHNA Kene3a [8].
HelipoBocnaneHue, B CBOK 04epeab, MPUBOAMT K aKTUBALIMK
[MManbHbIX KNETOK, Hapyllas roMeocTas xenesa. Mccnepo-
BaHWUS in Vitro NOKa3blBalOT, YTO KPaTKOBPEMEHHAs CTUMY-
nAumMsa (C MCnonb3oBaHMeM (aKTopa HEKpo3a OonyXosu-a,
WHTEp/IENKMHA 6 UM IMMOMNoNUcaxapuaa) B TeueHmne Ao 18 u
YBEJIMYMBAET HAKOMIEHUE KeNie3a B HEMpOHaX U MUKPO-
rmmn (OLieHKa C MOMOLLI0 MeTofa aTOMHO-abcopbLMOHHO
CMEKTPOMETPUM), HO He B acTpouuTax. KpoMe Toro, 6bino
MPOAEMOHCTPUPOBAHO MrHOBEHHOE YBENMYeHMe rencuamHa
B acTpoumtax U Mukpornmm [9]. [laHHoe HaKonsieHue xene-
3a 00ycnoBneHo U3MeHeHuaMU axktuHoctM DMT-1 u dep-
ponopTuHa. TaK, CTUMYNMPOBaHHbLIE HEMPOHbI MMMMoKaMMa
MoKasanu 3HauuTenbHoe yBenuueHue DMT-1 u cHuxeHue
KOHLeHTpaumn $hepponopTiHa, a npu CTUMYNALAA MUKPO-
[7IMM OTMEYEHO MOBLILLEHUE KOHUEHTpauun DMT-1 6e3 n3-
MEHEHWIM CO CTOPOHbI (epponopTUHa. PesynbTaTbl yKa3aHHbIX
UccneoBaHN NOKa3bIBAKT, YTO M3MeHEHUs (eppornopTUHa
HEe OKa3blBalOT 3HAUUTENIbHOrO BJIMAHUA Ha rOMEOoCTas e-
Nlesa.

MoBbILIEHHbIE KOHLEHTPALMK Kene3a B LeHTPasbHOi
HEPBHOM cuUCTeMe B npoLecce HU3MONOTMYECKOro CTapeHuns
MOrYT 6bITb BbI3BaHbI HECKOSIbKUMI (haKTOpaMm: NOBbILLIEHWE
MPOHMLLAEMOCTY COCYAL0B rOJIOBHOIO MO3ra, BOCTasieHue, nepe-
pacnpegeneHue Xenesa, U3MeHeHWe romeocTasa xenesa[10].
CrapeHue 3aMeanisieT paboTy BbILLIEOMMUCAHHOM CUCTEMBI MOJ-
JepaHusa roMeocTasa Xenesa, YTo NpUBOAMT K ero HaKo-
MNeHNI0 B pe3ynbTate HeapdeKTUBHOMO xenatmpoBanusa [11].
HakonneHwue kenesa B HEMpOHaX MOKET BbI3BaTb YCUNEHWE
anonTo3a. oBbILLIEHWE YPOBHA Xenie3a B MU MOXET BbITb
MHAYLMPOBAHO BOCMaJIEHWNEM B CBA3M C YBENIMYEHUEM BbICBO-
Do eHNS NPOBOCMANUTESNbHBIX LMTOKUHOB, YTO MPUBOANT
K HerpoaereHepaumu [12].

KoHUeHTpauus »ene3a C BO3pacTOM YBEJIMYMBAETCS
B YepHOM cyOcTaHUuMK, CKopayne, biieaHOM Liape, XBOCTaToOM
aape, Kope [13]. MpuynHa nocTeneHHOro HapacTaHus ypoB-
HS1 JKesle3a UMEHHO B 3TUX OTAeax rojloBHOr0 Mo3ra OKOH-
yaTesIbHO He fcHa. PermoHanbHoe pacnpepeneHve obuuero
)Keniesa B 34,0p0BOM IOJIOBHOM MO3re B3pOC/IOro YenoBeKa
reTeporeHHo, CaMble BbICOKME KOHLEHTpaLMM OTMEeYeHbI
B 6a3asnbHbIX raHrIMAX, HU3KWEe — B CepoM U besioM Belue-
CTBE KOpbl MOJIOBHOrO MO3ra, CpeaHeM MO3Te U MO3XeuKe,
a CaMble HM3KWe — B MOCTY, 06n1acTi ronyboBaToro nsTHa
¥ npoponrosatom Mo3re [14]. PervoHanbHas reTeporeHHoCTb
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pacnpefeneHus xenesa B F0I0BHOM Mo3re, a TaKKe ero us-
MEHeHWe C BO3PacTOM MOATBEPXAEHO in ViVo C NOMOLLbK
MarHUTHO-pe30HaHcHoM ToMorpadum [15].

Hanbonee noapobHble uccnepoBaHns no oLeHKe BAUSA-
HWA (U3MONOrMYECKOro CTAapeHUs Ha HaKOMEHWe Kenesa,
HelipoMeniaHuHa U eppuTuHa bblM NpoBefeHbl NpU NpU-
LeNbHOM U3Y4eHUM YepHoi cybcTaHuumu u ronybosatoro
naTHa. Y 340poBbIX Nofen 00Las KOHLEHTpaLms Kenesa
B ronyboBaToM nATHe ocTaeTcs CTabunbHON Ha NPOTKEHUN
BCEW KW3HM U B LIEIOM HUKE, YeM B YepHOW cybcTaHumm,
B KOTOPOM HabnofaeTcs IMHENHOE yBeNnyeHWe 0bLLen KOH-
LLeHTpaLMm Xene3a ¢ Bo3pacToM [8]. B cBA3M ¢ 3TUM MOXKHO
MPeLnoOXNTb, YTO }KeNe30 MOXET cnocobcTBoOBaTb Helpo-
JereHepaummn B YepHoii cybcTaHumm. HelpomenaHuH npucyT-
CTBYET B HelipoHax B BULE KOMMJIEKCA HeMpOMENaHUH-XKe-
Ne30, YPOBEHb XeNe3a B KOTOPOM 3aBUCUT OT KOHKPETHOM
obnactu Mo3ra [8]. KoHueHTpauus Komnnekca Heilpome-
NaHUH-KeNe3o0, ABNAILLErocs OCHOBHOW (OpMOii Xenesa
B KaTexolaMMHEeprU4eCKUX HelipoHax, YBenmumMBaeTcs C BO3-
pacToM B YepHoii cybcTaHumm u ronybosatom nsatHe. C no-
MOLLbK TUCTOXMMUYECKMX MeTOAO0B (oKpacka mo [lepncy)
Y «3[0p0BOW» MOMWION MONYNAUMM BbISBNIEHO Hanuune
BOnbLIOr0 KOMMYecTBa aKTUBHOTO JKefle3a B T/MasbHbIX
KNeTKax W HerMpoMenaHuH-cBoboAHbIX HelipoHax. B To e
BpeMs B HEMPOMENaHUHCOLepKallMX HEMPOHaX AaHHbIA Me-
TOL OKPacKM He MOKasas Haluumus TPeXBaNeHTHOro Xenesa,
MOCKOJIbKY B 3TWX HEMpOHaX }Keneso NepexoauT B CTabuib-
HbIi KOMMJIEKC HepOMeNaHNH-}Keneso0, 4To NoATBepAaeT-
Csl MpY MOMOLLM 3NIEKTPOHHOIO MapaMarHUTHOr0 pe30HaHca
n MéccbayapoBckoi cnektpockonuu [8]. Konnyectso KoMmn-
NeKca HeMpOMeNaHNH-XEeNe30 YBEIMUMBAETCSA C BO3PacToM
B HEMpOHaX MPeMOTOPHOI KOpbI, CKOpAYMbl 1 Mo3euyKa [16].

B ronoBHOM Mo3re npu GU3MONOrMYECKOM CTapeHUM Ha-
bniopaloTcs akTMBM3aumMs NPOBOCMANMTENbHOMO NpoLecca,
yBeNIMYeHWe KONMYECTBa FMMalnbHbIX KIETOK, HapacTaHue
MMMYHOPEAKTUBHOCTM acTPOLMTApHBIX M MUKPOTMAbHbIX
MapKepoB. B To e BpeMs yBeNM4YMBaeTCA MPOHULLAEMOCTb
rematosHuedanuyeckoro bapbepa. Bce 3T u3MeHeHus npu-
BOAAT K YBENMYEHUIO OTNIOXKEHUS JKene3a B onpefeneHHbIX
yyacTkax [17].

B MWKpornuu n actpoumTax Kopbl roIOBHOT0 Mo3ra, Mo3-
XeYKa, runnokamna, 6asanbHblX raHrIneB ¥ MUHAANEBUA-
HbIX TeMIaX FTMCTOXUMMYECKW 0BHapY3KeHbI OT/0XKeHUs heppu-
TUHA, YMCIO KOTOPbIX 0OBIYHO YBEIMUMBAETCS C BO3PACTOM.
OnuroaeHapoUNTHI TaKKe cofiepaT GeppuUTUH 1 TpaHchep-
PVH, 0IHAKO WX KOHLLEHTpaLMs 0CTaeTcs NOCTOSHHOW Mo Mepe
ctapenuns [18]. Y noxunbix noaen MoryT BbIABAATLCSA Cyb-
nonynsumMm GeppUTUH-NIONOKUTENBHBIX KIIETOK MUKPOTTIUK,
BOMbLUMHCTBO M3 KOTOPLIX ABMIAKTCA abbepaHTHBIMM U UMEIOT
auctpoduyeckme usMeHeHus. Heneso, darounUTMpoBaHHoe
AaHHbIM BUAOM KIETOK, BEPOSITHO, U MPUBOAMT K MHTOKCKKA-
LiUM 1 BbI3bIBAET KIETOUHYH fereHepaumio. OyHKUMOHaNbHO
U3MeHeHHas (eppUTUH-NIONOKUTENBHAA MUKPOITIUA MOXET
y4acTBOBaTb B MaToreHe3e HelipojereHepaTMBHbIX 3abone-
BaHWN.
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AKKyMynaums enesa B KNeTKax rofloBHOrO Mo3ra Tpe-
ByeT MKECTKOro KOHTPOSIA C LEebo HeLOMYLLEHUS MHTOKCK-
Kauuu. M36bITOK Kenesa MOXET Bbi3BaTb OKUCIUTENbHBIN
cTpecc nyTeM 06pa3oBaHMs aKTMBHbIX (OpPM Kucnopofa
(reactive oxygen species, ROS), B 4acTHOCTU MMAPOKCHIb-
Horo pagukana [19]. ROS MoxeT noBpeanTb MaTpUuHyLO
[IHK, npuBecT K ee anUreHeTUYECKUM U3MEHEHUAM U OKUC-
nennto 6enkoB knetkn [20, 21]. lNepekncHoe oKucneHue
MeMbpaHHbIX MNMAoB B pe3ynbrate BauaHus ROS moxert
MPUBECTU K 00pa30BaHM0 TOKCUMYHBIX aslbernioB, TaKWX
KaK 4-rMApOKCMHOHEHas, KOTOpbIM HeobpatMo Moandu-
umpyet 6enkn nyteM KapbonunmposaHus [22]. ROS moxeTt
WHOYUMPOBaTb BbIAENIEHUE XKefle3a U3 MUTOXOHIPUAIbHbIX
JKene30CepHbIX KNacTepoB 1 Apyrux beiKoB XpaHeHus xene-
3a, YTO MPUBOAMT K 3anycKy peakuun ®eHToHa. HapyLerue
rOMe0CTasa JKefnesa MOXET B/IUATb Ha MUTOXOHLPUAbHbIE
GbyHKUMKM, NpuBOLSA B pe3ynbTaTe K YCKOPEHMIO MeXaHW3-
MOB HeWpopereHepauumn [23]. YBenuueHue enesa MoxeT
WHOYLMpOBaTb HEWpOAereHepaTMBHble MPOLIECCH TaKKe
yepe3 MexaHu3Mbl, 0T/IYHbIe OT peakuun QeHToHa. Kare-
KONaMuHbl, B TOM Yncnie AohaMuH, MOryT BbITb OKUCTIEHDI
[0 TOKCUYHBIX XMHOHOB 3a CYeT BOCCTAHOB/EHMS Jene3a [24].
Paris |. et al. nokasanu, uto Xene3o y4yacTByeT B NpeBpaLLie-
HUK 1-MeTuUn-4-eHun-1,2,3,6-TetparnaponupuanH (MOTI),
KOTOpbIN caM no cebe He TOKCMYEH, B KaTUOHbI 1-MeTuUn-4-
(eHMNNMpManHUSA, NPUBOASALLErO K rMbenn HelpoHOB KOM-
MaKTHOM YacTu YepHom cybcTaHuum [25].

Bonee Toro, in vitro bbiNo NokasaHo, YTo arperaums ben-
KOB, BOB/IEYEHHbIX B NaToreHe3 HevMpoLereHepaTUBHbIX 3a-
boneBaHuin (a-CuHyKNeWH, rUneppocopuMpoBaHHbIN Tay-
MPOTENH), Bbi3BaHa NOBLILLEHWEM YPOBHS Kenesa [26].

TakuM 00pa3oM, HelipoaereHepaums, pasBMBatoLLas-
CAl KaK pe3ynbTaT TOKCUMYECKOro BAMSHUS Xene3a, MOXeT
MPUBECTW K anonTo3y 1 $hepponTo3y — nporpamMMuUpyeMoii
OKMCIIUTENbHOW HEKPOTUYECKOW TMbenn KNeTku c eneso-
3aBUCUMBIM MEPEKUCHBIM OKUCNEeHWeM nunugos [27, 28].
Ha puc. 1 cxemaTuyHo npefcTaBieHbl OCHOBHbIE MOJIEKY-
NspHble MeXaHW3Mbl, y4acTByloLve B hepponTose.

bonesHb MapkuHcoHa

Wccnenosanuamm [31] 6bin0 nokasaHo yBennyeHue 06-
LLeX KOHLeHTpaumm enesa B yepHon cybctaHumm npu Bl
B CPaBHEHWUM C TPYNMO KOHTPOAS, @ TaKKe ero HaKorneHue
no Mepe nporpeccupoBaHus 3abonesaHus. B To e Bpems
MPT v TpaHcKpaHWanbHas coHorpadus He CMOrM NoLTBep-
OMTb CBA3b KOHLIEHTPALMM ene3a B YepHOW cybcTaHumm
W TAXECTW 3abonieBaHMs B CBA3M C OTCYTCTBUEM Ha/nyms
TOYHOW KONMYECTBEHHOM oLeHKM [32]. OkoHuaTenbHas npu-
UMHA M3ObITOYHOrO HAKOMJIEHUS JKene3a B YepHOM CybCTaH-
v npm BIN 1o KoHUa He BbisicHeHa. [TpeanoXeHo HECKOMBKO
06bACHEHMIA: NOBLILLEHHAA NPOHMLLAEMOCTb reMaToaHLeda-
nuyeckoro 6apbepa [33], ycuneHnve npoBocnanuTeNbHOrO
cTatyca [34, 35], yBenmuyeHne 3Kcnpeccuy NakToheppuHo-
BbIX PeLienTopoB B HeWpoHax M cocyaax [36], yBennyeHune
3Kkcnpeccum DMT1 B podamuHepruyeckux HeiipoHax [37],

Tom 40,Ne 4, 2021

DAk hitps://doi.org/ 1017816/ rmmar83609

V13BecTua Poccuinckon
BoeHHo-MeauLIMHCKOM aKaaeminn

Fe’* «—— Fe?*

PeHmoHa

@& )

ROS

l

®eppornmo3s

Puc. 1. OcHoBHble MONEKYNApHble MeXaHu3Mbl, y4acTByloLLWe
B epponTose (agantuposaHo u3 [29]). CP — uepynonnasmux;
Tf — TpaHcheppun; TR — TpaHcheppuHOBLIA peLenTop;
DMT-1 — tpaHcnopTep AByXBaneHTHbIX MeTannos; ROS — akTue-
Hble QOpMbI K1CIOpoaa

territin"

n3MeHeHue paboTbl KoMnnekca TpaHcdeppuH-TrR 2-ro Tuna,
MyTaLM1 reHoB, OTBETCTBEHHbIX 3a TpaHCMopT xene3a [39].

Fe® in vitro MOXeT ClyMMTb KaTain3aTopoM nepexosa
CTPYKTYpbl 0-CUHYKJEMHA U3 a B [, KOTOpas, B CBOK 04Yepefb,
BxoauT B cocTaB Tenel Jleeu [40]. [okasaHo, 4To B YepHoi
cybcraHuum npw BIT oTMevaeTcsa yBennyeHue Xxenesa C 0A-
HOBPEMEHHBIM CHIKEHMEM (deppuTUHa, NpuYeM B TembLax
JleBu xeneso npeAcTaBneHo peAoKc-uoHamu [40, 41]. Men-
HO ypoBeHb GeppuUTMHA KOHTPONIMPYET KOJIMYECTBO PefoKC-
MOHOB, @ €ro CHUXEHUE MOXET ObiTb 0OBACHEHO CTOMKUM
MOBLILLEHUEM aKTUBHOCTW IRP, BbISIBNEHHBIM NpU AaHHOM
3aboneBaHum [42]. YpoBeHb pelOKC-MOHOB enesa Koppe-
JIMPYET C BbIPaXKEHHOCTbI0 rMbenu HelipoHoB [43].

KoHueHTpaums xenesa B YepHoi cybctaHuymm npu bl npe-
BoCXoauT bydepHyto cnocobHOCTb HerMpoMenaHuHa u dep-
PUTMHA, YTO NMPUBOAMT K Pa3BUTUI0 HEMPOTOKCUMYHOCTM [43].
BbicB0oOOK1aeMbIN pa3pyLUeHHbIMY HelipoHaMu (SKCTpaHei-
POHanbHbIN) HEWPOMENaHUH MPUBOAMT K (OPMUPOBaHMIO
MUKPOrNM03a M AanbHelwen UHAYKuMKM rmbenn podamu-
HEPrUYeCKMX HEMPOHOB [44, 45].

KpoMe yepHoi cybcTaHumm coobuiaetcs 06 ysenmue-
HAW COLLEPIKaHWA Kene3a, BbISBIEHHOTO C NomoLubio MPT,
B KpacHbIX fiapax Yy naumeHtoB ¢ bl ¢ guckuHesmen, B To
e BpeMsi B BUCOYHOI Kope W BrnefHoM Lwiape oTMeyaetcs
CHUXEHME ero KOHUeHTpauum [46, 47].

BTopbIM (haKTOpOM YBENMUYEHWS! KOHLIEHTpaLMK enesa
npu Bl MoXeT cnyxuTb KaK NoBblLLeHMe akTBHOCT DMTT,
TaK U CHUXeHWe (eppoKCHAA3HOW aKTUBHOCTM Liepyno-
MAasMKHa, 4TO NOKa3aHo Kak Ha MBOTHOM Mogenu Bl Tak
'y naumeHToB [36, 48]. CHuxKeHWe deppoKCUAa3HOM aKTUB-
HOCTW LiepynonnasMnHa C OAHOBPEMEHHBIM MOBbILLEHNEM
Meau Bbiio 0TMeYeHO B NMKBOpe Y naumeHToB ¢ Bl [49].
Bonee Toro, y HeKOTOpbIX MaUMEHTOB MOXHO BbISIBUTH
MUCCEHC-MYTaLMK TeHa, KOAMpYHLLEero Lepynonnas-
MuH [50]. YBenuyeHne ypoBHA efe3a B roIOBHOM Mo3re
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OMpejenanoch Kak npu 6-rufpoKcunopamMmH-, Tak 1 npu
MOTM-mogenu B, uto 06BACHSAETCA NOBLILLEHHOM KCMpec-
cuen DMT1 [51].

HecMoTps Ha BbilleonucaHHoe yBenMYeHUe COAepKa-
HWA Kenesa B CTPYKTypax Mo3ra npu bll, noBbiweHHas
KOHLIEHTpaLus CbIBOPOTOYHOTO Jene3a fBnseTcsa haKTopoM
aHTupucka passutua bll, n HaobopoT [52, 53]. MNoBbiweHKe
pucKa pa3ssutus b1y Niofelt ¢ HU3KUM COAEpPIKAHMEM Cbi-
BOPOTOYHOrO JKene3a, BeposTHO, 0bbAcHseTca Heobxoau-
MOCTbH) €r0 afieKBaTHbIX MNOCTABOK A1A HOPMANbHOMO CUH-
Te3a AodaMuHa, NOCKONbKY Kene3o ABnseTcs KohakTopom
TUPO3MHIMAPOKCUNA3bl — KJloYeBoro GepMeHTa CUHTE3a
nodamuHa [40].

KpoMe Toro, nokasarenum uaMeHeHus 06MeHa ernesa Bce
yalLle NpUBNEKAKOT UCCNe0BaTeNell Kak HoBble buoMapKepsl
nporpeccupoBanust bIl. Tak, B pabote F. Maass et al. (2004)
MOKa3aHo, YTo OLieHKa 0bLLero copepxaHus xenesa u dep-
PUTMHA B CMIMHHOMO3rOBOM UAKOCTU MOXKET ObITb UCMONb-
30BaHa A5 OTpaXKeHWs MPOrpeccupyloLLero AMCroMeocTasa
)enesa B roflOBHOM MO3re U MporpeccupoBaHus 3abonesa-
Hus y naumenToB ¢ bl [54]. beina npoeeaeHa oueHKa faH-
HbIX NOKa3aTenei B IMKBOpe ABaALaTh NaLMeHTOB CO BTOPOIA
ctagmeit Bl cnycta rog nocne nepsoro 3abopa. MpoaeMoH-
CTPMpOBaHO AOCTOBEPHOE YBENMYEHME 0OLLEro COLepKaHus
wene3sa (p = 0,002) u cHwxenve depputuna (p = 0,04). Bbl-
[BVHYTa TUNOTE3a, YTO MMEHHO COOTHOLLIEHWE Jene3o/dep-
PUTWH B JIMKBOPE MOJKET PaccMaTpuBaThCs Kak BaXHbIM b1o-
MapKep nporpeccupoBaHus 3aboneBaHus (M0 pesynbraTam
pabotbl p = 0,006). B aaHHoit paboTe ¢ Liesblo UCKITIYEHMS
B/IMSHUSA HA OLEHMBAEMble MOKa3aTeNiv NpOTMBOMAPKUHCO-
HWYeCKWX npenapaToB Obln NpoBefeH KOPPenALMOHHBIN
aHanu3, KoTopblii He BbISIBUM CBS3U MEXAY WM3MEHEHUAMM
3KBWBANIEHTHOW [03bl IEBOLOMbI M YPOBHAMM Xenesa u dep-
pUTUHA C TeyeHneM BpeMehu (p > 0,05).

BonesHb Anburerimepa

HapyweHne roMeocTasa pefoKC-aKTMBHbIX METaIOB,
B MepByl0 04epefib Kenesa M Mefdu, BepOATHO, ABNISETCS
COCTaBNAOLLEN YacTbio naToreHesa bonesHu AnbureiiMepa.
B HacTosLLee BpeMsl NOKa3aHo, YTO B aMUNOMAHBIX BAsLLIKAX
U Helpo@uBPUNNAPHBIX KNYBOUKaX MPUCYTCTBYHOT BbICOKME
KOHLIEHTpaLWK LMHKa, Meau 1 enesa. [laHHoe nepepacnpe-
peneHue (hoKanbHoe HaKomneHWe) MeTan 0B MOXeET NpUBO-
JMTb K 00KpaAbIBaHMIO YCIIOBHO 3[10POBO/ TKaHU Mo3ra [55].
loKa3aHo TakkKe, YTO HapyLUeHWe roMeocTasa [aHHbIX Me-
TaNN0B BOBJIEYEHO B MPOLECC CUHTe3a B-amunompa, ru-
nepdocdopunmpoBaHHoro Tay-6eiika U OKUCIUTENbHOTO
cTpecca HeWpoHoB [56]. HakonneHue Tay-benka B Helpo-
bnbpunnapHbIX KybouKax NPUBOAUT K MHAYKUMWU TeM-
okcureHasbl (HO-1), criocobHoii KaTanusupoBaTb paspyLue-
HWe rema, MPMBOAS K AOMOJHUTENBHOMY BbICBODOXAEHMIO
)ene3a, KOTopoe, B CBOIO 0Yepefb, MOXKET 3aryCTUTb peaK-
uno @entoHa [57].

bonblias u4acTb npepwecTBeHHWKa [-amunoupa
B HOpPMe pacLlennseTcs HeaMWUNOMAOreHHbIM NyTeM
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C MOMOLLbI0 a-CeKpeTasbl W fanee y-ceKkpeTasbl C 00-
pasoBaHueM HeToKcuuHoro nentuga p3. lpu amunou-
AOTEHHOM MyTU MPeALecTBeHHUK B-aMmunonpa cHayana
paciuennseTca B-cekpeTason W Janee y-cekpetason ¢ 06-
pasoBaHueM B-amunoupa [58]. CneposaTenbHo, CTUMY-
NAUMA a-CeKpeTasbl NPUBOAUT K CHUMKEHUIO 0Opa3oBaHus
B-amunounpa. 3a aKTMBaUMIO a-CeKpeTasbl U NEpPeBoS, MyTH
pacLienfieHns npefLlecTBEHHUKA B-aMuouaa B CTOPOHY
nentuga p3 otBevaet dypuH [59]. MNoBbiweHne KonuyecTsa
Xene3a NpUBOAMT K CHUXKEHUIO aKTUBHOCTU (QypUHa, aKTu-
BaLWM B-ceKpeTasbl U NepeBOAY Ha aMUNOMUAOTEHHBIN NyTb
pacLLennieHns npeaLlecTBeHHUKa B-amunonaa, B T0 BpeMs
KaK CHUXEHWe YpOBHS XeJie3a 3amyckaeT HeaMUNOMAHbIN
nyTb [58].

B 2002 r. 6b110 NoKa3aHo Hanmuue (YHKLMOHANbHOMO
eneso-perynatopHoro 3nementa (IRE-Type ll) B 5'-He-
TpaHcnmpyemon obnactu MPHK, kopupylowen npepe-
cTBeHHMK B-amunompa [60]. [aHHas obnactb Haxoautcs
HenocpencTBeHHO nepep, obnactolo UJ1-1. Ha ocHoBe paH-
HOro OTKpbITMA bblna paspaboTaHa runoTesa, cornacHo Ko-
Topoit yBenmueHme yposHsa WJT-1 npuogut K yeunenuto IRP-
CBA3LIBAHNA C 5'-HETPaHCIIMPYeMOi 061aCTbI0 M CHUMKEHMIO
CMHTE3a NpejLecTBEHHWKA f-amMunonza.

CywLecTBYHOT [aHHble 00 MHOYKUMM BHYTPUKIIETOYHOIO
HaKOMMeHMA Kenesa B OTBET Ha AeduuMUT Tay-nNpoTenHa
M pa3BuTMM Ha 3TOM (OHe AereHepaunu fodaMuHepru-
UECKMX HeWpOHOB W MapKWMHCOHM3MA C AEeMEeHLMeEN Y Mbl-
weMn [61]. HenocTaToK Tay-npoTenHa NpMBOAMT K CHUMKEHMIO
BbIBeJEHUS Kene3a GepponopTMHOM, 3afepXuBas npes-
LIECTBEHHUK B-amMunomaa B 3HLOMIA3MaTUYECKOM PETUKY-
nyme.

3AKJIOYEHUE

Takum 0bpa3oM, aHanu3 NpoBeAeHHbIX WCCef0BaHuit
no3BoASET nonaratb, YTO HapyLLeHne obMeHa enesa B ro-
NIOBHOM MO3re MOXKET IeXarTb B 0CHOBE Pa3BUTUSA U Nporpec-
CMPOBaHUs HelpoJereHepaTMBHbIX 3ab0/1eBaHMIA, B TOM YHC-
ne nocine nepeHeceHHON HOBOW KOPOHABUPYCHOWM MHBEKLMM
SARS-CoV-2.

AOMOTHUTENIbHAA UHOOPMALUA

Uctounuk cduHancupoBanusa. OuHaHCUpoBaHMe [aH-
Ho¥i paboThbl He MPOBOAMNOC.

KoHdnuKT uHTepecoB. ABTOpbI [eKIapupylOT OTCYT-
CTBUE SIBHbIX U MOTEHUMANbHbIX KOHMIMKTOB WHTEPECOB,
CBA3aHHbIX C NYONMKaLMeR HaCTOSALLEN CTaTbM.

JdTnyeckas 3Kcneptusa. [lpoBefeHne uccnefoBaHUs
0[,00peHO f10KanbHLIM 3TMYeckuM Kommutetom OFBBOY BO
«BoeHHo-MeaMumMHcKas akapemus umenn C.M. Kuposa».

Bknap aBTOpoB. Bce aBTOpbI BHEC/M CYLLECTBEHHBIN
BKMaA B MpOBeLEeHWe WCCIefoBaHWS M MOATOTOBKY CTa-
TbW, MPOYNIM M OA0OPUAM DUHANBHYIO BepCUto nepes nyonu-
KaLuen.




HEVPOVHDEK LA

CMUCOK JIUTEPATYPbI

1. Merello M., Bhatia K.P., Obeso J.A. SARS-CoV-2 and the risk
of Parkinson's disease: facts and fantasy // Lancet Neurol. 2021.
Vol. 20, No. 2. P. 94-95. DOI: 10.1016/S1474-4422(20)30442-7

2. 3anues AA, YepHos C.A,, Creu B.B., v ap. AnroputMbl BegeHus
MaLMeHTOB C HOBOM KOPOHaBWpycHon nHdekumen COVID-19 B cra-
LpoHape: MeToandeckue pekomeHaaumm // Consilium Medicum.
2020.T.22,N2 11. C. 91-97. DOI: 10.26442/20751753.2020.11.200520
3. Opnos H0.M., Jonrux B.T., Bepewarnn EM., n gp. Ectb nm
cBA3b 00MeHa enesa ¢ TeuyeHnem COVID-19?7 // BecTHWK aHe-
cTesuonormm u peanumartonormn. 2020. T. 17, N2 4. C. 6-13.
DOI: 0.21292/2078-5658-2020-17-4-6-13

4. TMonywwmn H0.C, Wneik W.B., laspunosa EI., n gp. Ponb
depputHa B oueHke Taxectn COVID-19 // BecTHuK aHecTe-
3vonorum 1 peanmmatonormm. 2021, T. 18, N2 4. C. 20-28.
DOI: 10.21292/2078-5658-2021-18-4-20-28

5. Vargas-Vargas M., Cortés-Rojo C. Ferritin levels and
COVID-19 // Rev. Panam. Salud. Publica. 2020. No. 44. P. 72.
DOI: 10.26633/RPSP.2020.72

6. Llgetaesa H.B, JleBnHa AA., Mamykosa t0.1. OcHosbl peryns-
LM 0bMeHa xene3a // Knuundeckas oHxkoreMatonorus. 2010. Ne 3.
C. 278-283.

7. Topavenko AB., Caxud B.T., Kpiokos E.B., n ap. 3Hauenve
obMeHa Kenesa, renumamMHa U pacTBOPUMOro peLienTopa TpaHc-
deppuHa B natoreHese aHeMUM y MaLMEHTOB, CTPAAAIOLLIMX 3/10-
KayecTBEHHbIMM HOBOOOpa3oBaHuAMKM // BecTHuk Poccuiickon
BoeHHo-MeguumHcKon akagemun. 2018. N2 3 (63). C. 91-94.
DOI: 10.17816/brmma12258

8. Ward RJ., Zucca F.A, Duyn J.H. et al. The role of iron in brain
ageing and neurodegenerative disorders // Lancet Neurol. 2014.
Vol. 13, No. 10. P. 1045-1060. DOI: 10.1016/S1474-4422(14)70117-6
9. Lee P, Peng H., Gelbart T, Beutler E. The IL-6- and lipopoly-
saccharide-induced transcription of hepcidin in HFE-, transfer-
rin receptor 2-, and beta 2-microglobulin-deficient hepatocytes //
Proc. Natl. Acad. Sci. USA. 2004. Vol. 101, No. 25. P. 9263-9265.
DOI: 10.1073/pnas.0403108101

10. Urrutia P., Aguirre P., Esparza A, et al. Inflammation alters the
expression of DMT1, FPN1 and hepcidin, and it causes iron accu-
mulation in central nervous system cells // J. Neurochem. 2013.
Vol. 126, No. 4. P. 541-549. DOI: 10.1111/jnc.12244

11. Farrall AJ., Wardlaw J.M. Blood-brain barrier: ageing
and microvascular disease — systematic review and meta-
analysis // Neurobiol. Aging. 2009. Vol. 30, No. 3. P. 337-352.
DOI: 10.1016/j.neurobiolaging.2007.07.015

12. Killilea D.W., Wong S.L., Cahaya H.S., et al. Iron accumulation
during cellular senescence // Ann. N. Y. Acad. Sci. 2004. No. 1019.
P. 365-367. DOI: 10.1196/annals.1297.063

13. Xu J,, JiaZ, Knutson M.D., Leeuwenburgh C. Impaired iron status
in aging research // Int. J. Mol. Sci. 2012. Vol. 13, No. 2. P. 2368-2386.
DOI: 10.3390/ijms 13022368

14. Ramos P., Santos A., Pinto N.R., et al. Iron levels in the human
brain: a post-mortem study of anatomical region differences and
age-related changes // J. Trace. Elem. Med. Biol. 2014. Vol. 28, No. 1.
P. 13-17.DO0I: 10.1016/j.jtemb.2013.08.001

15. House E., Esiri M., Forster G., et al. Aluminium, iron and copper
in human brain tissues donated to the Medical Research Council’s
Cognitive Function and Ageing Study // Metallomics. 2012. Vol. 4,
No. 1. P. 56-65. DOI: 10.1039/cTmt00139f

Tom 40,Ne 4, 2021

DAk hitps://doi.org/ 1017816/ rmmar83609

V13BecTua Poccuinckon
BoeHHo-MeauLIMHCKOM aKaaeminn

16. Bilgic B., Pfefferbaum A., Rohlfing T., et al. MRI estimates of
brain iron concentration in normal aging using quantitative suscep-
tibility mapping // Neuroimage. 2012. Vol. 59, No. 3. P. 2625-2635.
DOI: 10.1016/j.neuroimage.2011.08.077

17. Zecca L, Bellei C,, Costi P., et al. New melanic pigments in the hu-
man brain that accumulate in aging and block environmental toxic met-
als // Proc. Natl. Acad. Sci. USA. 2008. Vol. 105, No. 45. P. 17567-17572.
DOI: 10.1073/pnas.0808768105

18. Block M.L,, Zecca L., Hong J.S. Microglia-mediated neurotoxicity:
uncovering the molecular mechanisms // Nat. Rev. Neurosci. 2007.
Vol. 8, No. 1. P. 57-69. DOI: 10.1038/nrn2038

19. Connor J.R., Menzies S.L., St Martin S.M., Mufson E.J. Cellular
distribution of transferrin, ferritin, and iron in normal and aged hu-
man brains // J. Neurosci. Res. 1990. Vol. 27, No. 4. P. 595-611.
DOI: 10.1002/jnr.490270421

20. Crichton R,, Ward R., eds. Metal-Based Neurodegeneration: From
Molecular Mechanisms to Therapeutic Strategies. 2™ ed. Chichester,
West Sussex, U.K.: John Wiley & Sons Limited; 2014.

21. Melis J.P., van Steeg H., Luijten M. Oxidative DNA damage and
nucleotide excision repair // Antioxid. Redox. Signal. 2013. Vol. 18,
No. 18. P. 2409-2419. DOI: 10.1089/ars.2012.5036

22. Kwok J.B. Role of epigenetics in Alzheimer's and Parkin-
son’s disease // Epigenomics. 2010. Vol. 2, No. 5. P. 671-682.
DOI: 10.2217/epi.10.43

23. Perluigi M., Coccia R., Butterfield D.A. 4-Hydroxy-2-nonenal,
a reactive product of lipid peroxidation, and neurodegenerative di-
seases: a toxic combination illuminated by redox proteomics stu-
dies // Antioxid. Redox. Signal. 2012. Vol. 17, No. 11. P. 1590-1609.
DOI: 10.1089/ars.2011.4406

24, Horowitz M.P., Greenamyre J.T. Mitochondrial iron metabolism
and its role in neurodegeneration // J. Alzheimers. Dis. 2010. Vol. 20,
No. 2. P. 551-568. DOI: 10.3233/JAD-2010-100354

25. Paris I, Martinez-Alvarado P., Cérdenas S, et al. Dopamine-de-
pendent iron toxicity in cells derived from rat hypothalamus // Chem.
Res. Toxicol. 2005. Vol. 18, No. 3. P. 415-419. DOI: 10.1021/tx0497144
26. Di Monte D.A., Schipper H.M,, Hetts S., Langston J.W. Iron-me-
diated bioactivation of 1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine
(MPTP) in glial cultures // Glia. 1995. Vol. 15, No. 2. P. 203-206.
DOI: 10.1002/glia.440150213

27. Yamamoto A., Shin RW., Hasegawa K., et al. Iron (lll) induces
aggregation of hyperphosphorylated tau and its reduction to iron (Il)
reverses the aggregation: implications in the formation of neuraofibril-
lary tangles of Alzheimer's disease // J. Neurochem. 2002. Vol. 82,
No. 5. P. 1137-1147. DOI: 10.1046/j.1471-4159.2002.t01-1-01061.x
28. Ott M., Gogvadze V., Orrenius S., Zhivotovsky B. Mitochondria,
oxidative stress and cell death // Apoptosis. 2007. Vol. 12, No. 5.
P. 913-922. DOI: 10.1007/s10495-007-0756-2

29. Dixon S.J., Lemberg K.M., Lamprecht MR, et al. Ferroptosis: an
iron-dependent form of nonapoptotic cell death // Cell. 2012. Vol. 149,
No. 5. P. 1060-1072. DOI: 10.1016/j.cell.2012.03.042

30. Wu JR, Tuo Q.Z, Lei P. Ferroptosis, a Recent Defined Form
of Critical Cell Death in Neurological Disorders // J. Mol. Neurosci.
2018. Vol. 66, No. 2. P. 197-206. DOI: 10.1007/s12031-018-1155-6
31. Hirsch E.C., Brandel J.P., Galle P., et al. Iron and aluminum in-
crease in the substantia nigra of patients with Parkinson's disease: an
X-ray microanalysis // J. Neurochem. 1991. Vol. 56, No. 2. P. 446—451.
DOI: 10.1111/j.1471-4159.1991.tb08170.x




20

NEUROINFECTION

32. Groger A., Berg D. Does structural neuroimaging reveal a distur-
bance of iron metabolism in Parkinson's disease? Implications from
MRI and TCS studies // J. Neural. Transm. (Vienna). 2012. Vol. 119,
No. 12. P. 1523-1528. DOI: 10.1007/s00702-012-0873-0

33. Kortekaas R., Leenders K.L., van Oostrom J.C., et al. Blood-brain
barrier dysfunction in parkinsonian midbrain in vivo // Ann. Neurol.
2005. Vol. 57, No. 2. P. 176-179. DOI: 10.1002/ana.20369

34. Conde J.R, Streit W.J. Microglia in the aging brain //
J. Neuropathol. Exp. Neurol. 2006. Vol. 65, No. 3. P. 199-203.
DOI: 10.1097/01.jnen.0000202887.22082.63

35. JlntBnrenko W.B., Kpacakos W.B., bucara IH., n ap. Cospe-
MeHHas KOHLEMUWA naToreHesa HenpofiereHepaTvBHbIX 3abo-
neBaHuin 1 ctpaterus Tepanuu // HypHan HeBponorun u ncu-
xmatpum uMm. C.C. Kopcakosa. 2017. T. 117, N2 6 (2). C. 3-10.
DOI: 10.17116/jnevro2017117623-10

36. Faucheux B.A,, Nillesse N., Damier P., et al. Expression of lacto-
ferrin receptors is increased in the mesencephalon of patients with
Parkinson disease // Proc. Natl. Acad. Sci. USA. 1995. Vol. 92, No. 21.
P. 9603-9607. DOI: 10.1073/pnas.92.21.9603

37. Salazar J., Mena N., Hunot S., et al. Divalent metal transporter 1
(DMT1) contributes to neurodegeneration in animal models of Par-
kinson's disease // Proc. Natl. Acad. Sci. USA. 2008. Vol. 105, No. 47.
P. 18578-18583. DOI: 10.1073/pnas.0804373105

38. Mastroberardino P.G., Hoffman EK., Horowitz M.P., et al. A novel
transferrin/TfR2-mediated mitochondrial iron transport system is
disrupted in Parkinson’s disease // Neurobiol. Dis. 2009. Vol. 34,
No. 3. P. 417-431. DOI: 10.1016/j.nbd.2009.02.009

39. Guerreiro R.J,, Bras JM,, Santana |, et al. Association of HFE
common mutations with Parkinson’s disease, Alzheimer's disease
and mild cognitive impairment in a Portuguese cohort // BMC Neurol.
2006. No. 6, P. 24. DOI: 10.1186/1471-2377-6-24

40. Uversky V.N,, Li J, Fink A.L. Metal-triggered structural trans-
formations, aggregation, and fibrillation of human alpha-synuclein.
A possible molecular NK between Parkinson’s disease and heavy
metal exposure // J. Biol. Chem. 2001. Vol. 276, No. 47. P. 44284~
44296. DOI: 10.1074/jbc.M105343200

41. Connor JR., Snyder B.S., Arosio P., et al. A quantitative analy-
sis of isoferritins in select regions of aged, parkinsonian, and Al-
zheimer's diseased brains // J. Neurochem. 1995. Vol. 65, No. 2.
P.717-724. DOI: 10.1046/).1471-4159.1995.65020717 x

42. Castellani R.J., Siedlak S.L., Perry G., Smith M.A. Sequestration
of iron by Lewy bodies in Parkinson's disease // Acta Neuropathol.
2000. Vol. 100, No. 2. P. 111-114. DOI: 10.1007/s004010050001

43. Faucheux B.A.,, Martin M.E., Beaumont C., et al. Lack of up-reg-
ulation of ferritin is associated with sustained iron regulatory pro-
tein-1 binding activity in the substantia nigra of patients with Par-
kinson'’s disease // J. Neurachem. 2002. Vol. 83, No. 2. P. 320-330.
DOI: 10.1046/j.1471-4159.2002.01118.x

44, Faucheux B.A., Martin M.E., Beaumont C., et al. Neuromelanin
associated redox-active iron is increased in the substantia nigra of
patients with Parkinson’s disease // J. Neurochem. 2003. Vol. 86,
No. 5. P. 1142-1148. DOI: 10.1046/}.1471-4159.2003.01923 x

45. Langston JW., Forno LS., Tetrud J., et al. Evidence of ac-
tive nerve cell degeneration in the substantia nigra of hu-
mans years after 1-methyl-4-phenyl-1,2,3,6-tetrahydropyri-
dine exposure // Ann. Neurol. 1999. Vol. 46, No. 4. P. 598-605.
DOI: 10.1002/1531-8249(199910)46:4<598:: aid-ana7>3.0.co;2-f

Vol.40(4) 2021

DOl https://doi.org/ 10.17816/rmmar83609

Russian Military Medical
Academy Reports

46. Zhang W., Phillips K., Wielgus AR., et al. Neuromelanin activates
microglia and induces degeneration of dopaminergic neurons: im-
plications for progression of Parkinson's disease // Neurotox. Res.
2011. Vol. 19, No. 1. P. 63-72. DOI: 10.1007/s12640-009-9140-z
47. Lewis MM,, Du G., Kidacki M., et al. Higher iron in the red nu-
cleus marks Parkinson’s dyskinesia // Neurobiol. Aging. 2013. Vol.
34, No. 5. P. 1497-1503. DOI: 10.1016/j.neurobiolaging.2012.10.025
48.Yu X, Du T, Song N, et al. Decreased iron levels in the
temporal cortex in postmortem human brains with Parkin-
son disease // Neurology. 2013. Vol. 80, No. 5. P. 492-495.
DOI: 10.1212/WNL.0b013e31827f0ebb

49. Olivieri S., Conti A., lannaccone S., et al. Ceruloplasmin oxidation,
a feature of Parkinson's disease CSF, inhibits ferroxidase activity and
promates cellular iron retention // J. Neurosci. 2011. Vol. 31, No. 50.
P. 18568-18577. DOI: 10.1523/JNEUROSCI.3768-11.2011

50. Boll M.C, Sotelo J.,, Otero E., et al. Reduced ferroxidase ac-
tivity in the cerebrospinal fluid from patients with Parkinson's
disease // Neurosci. Lett. 1999. Vol. 265, No. 3. P. 155-158.
DOI: 10.1016/s0304-3940(99)00221-9

51. Hochstrasser H., Bauer P., Walter U., et al. Ceruloplasmin
gene variations and substantia nigra hyperechogenicity in Parkin-
son disease // Neurology. 2004. Vol. 63, No. 10. P. 1912-1917.
DOI: 10.1212/01.wnl.0000144276.29988.¢3

52. Song N., Wang J., Jiang H., Xie J. Ferroportin 1 but not hepha-
estin contributes to iron accumulation in a cell model of Parkinson'’s
disease // Free Radic. Biol. Med. 2010. Vol. 48, No. 2. P. 332-341.
DOI: 10.1016/j.freeradbiomed.2009.11.004

53. Miyake Y., Tanaka K., Fukushima W., et al. Dietary intake of metals
and risk of Parkinson’s disease: a case-control study in Japan // J. Neu-
rol. Sci. 2011. Vol. 306, No. 1-2. P. 98-102. DOI: 10.1016/j.jns.2011.03.035
54. Levenson CW.,, Cutler R.G., Ladenheim B., et al. Role of dietary iron
restriction in a mouse model of Parkinson’s disease // Exp. Neurol.
2004. Vol. 190, No. 2. P. 506-514. DOI: 10.1016/j.expneurol.2004.08.014
55. Maass F., Michalke B., Willkommen D., et al. Cerebrospinal Fluid
Iron-Ferritin Ratio as a Potential Progression Marker for Parkinson'’s
Disease // Mov. Disord. 2021. Online ahead of print. DOI: 10.1002/
mds.28790

56. Roberts B.R., Ryan TM, Bush Al, et al. The role of
metallobiology and amyloid-B peptides in Alzheimer's dis-
ease // J. Neurochem. 2012. No. 120, Suppl. 1. P. 149-166.
DOI: 10.1111/j.1471-4159.2011.07500.x

57. Sayre LM, Perry G., Harris P.L, et al. In situ oxidative catalysis
by neurafibrillary tangles and senile plagues in Alzheimer's disease:
a central role for bound transition metals // J. Neurochem. 2000.
Vol. 74, No. 1. P. 270-279. DOI: 10.1046/j.1471-4159.2000.0740270.x
58. Perry G., Nunomura A, Hirai K, et al. Is oxidative damage the
fundamental pathogenic mechanism of Alzheimer's and other neu-
rodegenerative diseases? // Free Radic. Biol. Med. 2002. Vol. 33,
No. 11. P. 1475-1479. DOI: 10.1016/s0891-5849(02)01113-9

59. Altamura S., Muckenthaler M.U. Iron toxicity in diseases of
aging: Alzheimer's disease, Parkinson's disease and athero-
sclerosis // J. Alzheimers. Dis. 2009. Vol. 16, No. 4. P. 879-895.
DOI: 10.3233/JAD-2009-1010

60. Guillemot J., Canuel M., Essalmani R., et al. Implication of
the proprotein convertases in iron homeostasis: proprotein con-
vertase 7 sheds human transferrin receptor 1 and furin acti-
vates hepcidin // Hepatology. 2013. Vol. 57, No. 6. P. 2514-2524.
DOI: 10.1002/hep.26297




HEVPOVHDEK LA

61. Rogers J.T., Randall J.D., Cahill C.M,, et al. An iron-responsive el-
ement type Il in the 5’-untranslated region of the Alzheimer's amyloid
precursor protein transcript // J. Biol. Chem. 2002. Vol. 277, No. 47.
P. 45518-45528. DOI: 10.1074/jbc.M207435200

REFERENCES

1. Merello M, Bhatia KP, Obeso JA. SARS-CoV-2 and the risk of
Parkinson's disease: facts and fantasy. Lancet Neurol. 2021;20(2):
94-95. DOI: 10.1016/S1474-4422(20)30442-7

2. Zaitsev AA, Chernov SA, Stets VV. et al. Algorithms for the man-
agement of patients with a new coronavirus COVID-19 infection
in a hospital. Guidelines. Consilium Medicum. 2020;22(11):.91-97.
DOI: 10.26442/20751753.2020.11.200520

3. Orlov YuP, Dolgikh VT, Vereschagin El, et al. Is there a con-
nection between iron exchange and COVID-197? Bulletin of An-
esthesiology and Reanimatology. 2020;17(4):6-13. (In Russ.)
DOI: 10.21292/2078-5658-2020-17-4-6-13

4. Polushin YuS, Shlyk IV, Gavrilova EG, et al. The role of ferritin in as-
sessing COVID-19 severity. Bulletin of Anesthesiology and Reanimatology.
2021;18(4):20-28. (In Russ.) DOI: 10.21292/2078-5658-2021-18-4-20-28
5. Vargas-Vargas M, Cortés-Rojo C. Ferritin levels and COVID-19.
Rev Panam Salud Publica. 2020;44:72. DOI: 10.26633/RPSP.2020.72
6. Tsvetaeva NV, Levina AA, Mamukova Ul. The basis of regula-
tion of iron metabolism. Clinical oncohematology. 2010;3:278-283.
(In Russ.)

7. Gordienko AV, Sakhin VT, Kryukov EV, et al. The importance
of iron metabolism, hepcidine and soluble transferrin receptor in
pathogenesis of anemia in patients with solid tumors. Bulletin of
the Russian Military Medical Academy. 2018;3(63):91-94. (In Russ.)
DOI: 10.17816/brmma12258

8. Ward RJ, Zucca FA, Duyn JH, et al. The role of iron in brain age-
ing and neurodegenerative disorders. Lancet Neurol. 2014;13(10):
1045-1060. DOI: 10.1016/S1474-4422(14)70117-6

9. Lee P, Peng H, Gelbart T, Beutler E. The IL-6- and lipopolysac-
charide-induced transcription of hepcidin in HFE-, transferrin recep-
tor 2-, and beta 2-microglobulin-deficient hepatocytes. Proc Natl Acad
Sci USA. 2004;101(25):9263-9265. DOI: 10.1073/pnas.0403108101
10. Urrutia P, Aguirre P, Esparza A, et al. Inflammation alters the
expression of DMT1, FPN1 and hepcidin, and it causes iron accumu-
lation in central nervous system cells. J Neurochem. 2013;126(4):
541-549. DOI: 10.1111/jnc.12244

11. Farrall AJ, Wardlaw JM. Blood-brain barrier: ageing and micro-
vascular disease — systematic review and meta-analysis. Neurobiol
Aging. 2009;30(3):337-352. DOI: 10.1016/j.neurabiolaging.2007.07.015
12. Killilea DW, Wong SL, Cahaya HS, et al. Iron accumulation dur-
ing cellular senescence. Ann N Y Acad Sci. 2004;1019:365-367.
DOI: 10.1196/annals.1297.063

13. Xu J, Jia Z, Knutson MD, Leeuwenburgh C. Impaired iron
status in aging research. Int J Mol Sci. 2012;13(2):2368-2386.
DOI: 10.3390/ijms 13022368

14. Ramos P, Santos A, Pinto NR, et al. Iron levels in the human
brain: a post-mortem study of anatomical region differences and
age-related changes. J Trace Elem Med Biol. 2014;28(1):13-17.
DOI: 10.1016/j.jtemb.2013.08.001

15. House E, Esiri M, Forster G, et al. Aluminium, iron and copper
in human brain tissues donated to the Medical Research Council’s
Cognitive Function and Ageing Study. Metallomics. 2012;4(1):56—65.
DOI: 10.1039/c1mt00139f

Tom 40,Ne 4, 2021

DAk hitps://doi.org/ 1017816/ rmmar83609

V13BecTua Poccuinckon
BoeHHo-MeauLIMHCKOM aKaaeminn

62. Lei P, Ayton S., Finkelstein D.I, et al. Tau deficiency in-
duces parkinsonism with dementia by impairing APP-medi-
ated iron export // Nat. Med. 2012. Vol. 18, No. 2. P. 291-295.
DOI: 10.1038/nm.2613

16. Bilgic B, Pfefferbaum A, Rohlfing T, et al. MRI estimates
of brain iron concentration in normal aging using quantita-
tive susceptibility mapping. Neuroimage. 2012;59(3):2625-2635.
DOI: 10.1016/j.neuroimage.2011.08.077

17. Zecca L, Bellei C, Costi P, et al. New melanic pigments in the
human brain that accumulate in aging and block environmental
toxic metals. Proc Natl Acad Sci U S A. 2008;105(45):17567-17572.
DOI: 10.1073/pnas.0808768105

18. Block ML, Zecca L, Hong JS. Microglia-mediated neurotoxic-
ity: uncovering the molecular mechanisms. Nat Rev Neurosci.
2007;8(1):57-69. DOI: 10.1038/nrn2038

19. Connor JR, Menzies SL, St Martin SM, Mufson EJ. Cel-
lular distribution of transferrin, ferritin, and iron in normal
and aged human brains. J Neurosci Res. 1990;27(4):595-611.
DOI: 10.1002/jnr.490270421

20. Crichton R, Ward R, eds. Metal-Based Neurodegeneration: From
Molecular Mechanisms to Therapeutic Strategies. 2™ ed. Chichester,
West Sussex, U.K.: John Wiley & Sons Limited; 2014.

21. Melis JP, van Steeg H, Luijten M. Oxidative DNA damage and nucle-
otide excision repair. Antioxid Redox Signal. 2013;18(18):2409-2419.
DOI: 10.1089/ars.2012.5036

22. Kwok JB. Role of epigenetics in Alzheimer's and Parkinson’s
disease. Epigenomics. 2010;2(5):671-682. DOI: 10.2217/epi.10.43
23. Perluigi M, Coccia R, Butterfield DA. 4-Hydroxy-2-nonenal, a re-
active product of lipid peroxidation, and neurodegenerative diseases:
a toxic combination illuminated by redox proteomics studies. Antioxid
Redox Signal. 2012;17(11):1590-1609. DOI:10.1089/ars.2011.4406
24, Horowitz MP, Greenamyre JT. Mitochondrial iron metabolism and
its role in neurodegeneration. J Alzheimers Dis. 2010;20(2):551-568.
DOI: 10.3233/JAD-2010-100354

25. Paris |, Martinez-Alvarado P, Cardenas S, et al. Dopamine-de-
pendent iron toxicity in cells derived from rat hypothalamus. Chem
Res Toxicol. 2005;18(3):415-419. DOI: 10.1021/tx0497144

26. Di Monte DA, Schipper HM, Hetts S, Langston JW. Iron-
mediated bioactivation of 1-methyl-4-phenyl-1,2,3,6-tetrahy-
dropyridine (MPTP) in glial cultures. Glia. 1995;15(2):203-206.
DOI: 10.1002/glia.440150213

27. Yamamoto A, Shin RW, Hasegawa K, et al. Iron (/ll) induces ag-
gregation of hyperphosphorylated tau and its reduction to iron (Il)
reverses the aggregation: implications in the formation of neuro-
fibrillary tangles of Alzheimer's disease. J Neurochem. 2002;82(5):
1137-1147. DOI: 10.1046/j.1471-4159.2002.t01-1-01061.x

28. 0tt M, Gogvadze V, Orrenius S, Zhivotovsky B. Mitochondria,
oxidative stress and cell death. Apoptosis. 2007;12(5):913-922.
DOI: 10.1007/s10495-007-0756-2

29. Dixon SJ, Lemberg KM, Lamprecht MR, et al. Ferroptosis: an
iron-dependent form of nonapoptotic cell death. Cell. 2012;149(5):
1060-1072. DOI: 10.1016/j.cell.2012.03.042

30. Wu JR, Tuo QZ, Lei P. Ferroptosis, a Recent Defined Form
of Critical Cell Death in Neurological Disorders. J Mol Neurosci.
2018;66(2):197-206. DOI: 10.1007/512031-018-1155-6




22

NEUROINFECTION

31. Hirsch EC, Brandel JP, Galle P, et al. Iron and aluminum in-
crease in the substantia nigra of patients with Parkinson's di-
sease: an X-ray microanalysis. J Neurochem. 1991:56(2):446—451.
DOI: 10.1111/j.1471-4159.1991.th08170.x

32. Groger A, Berg D. Does structural neuroimaging reveal a dis-
turbance of iron metabolism in Parkinson’s disease? Implications
from MRI and TCS studies. J Neural Transm (Vienna). 2012;119(12):
1523-1528. DOI: 10.1007/s00702-012-0873-0

33. Kortekaas R, Leenders KL, van Oostrom JC, et al. Blood-brain
barrier dysfunction in parkinsonian midbrain in vivo. Ann Neurol.
2005;57(2):176-179. DOI: 10.1002/ana.20369

34.Conde JR, Streit WJ. Microglia in the aging brain.
J Neuropathol Exp  Neurol. 2006;65(3):199-203.
DOI: 10.1097/01.jnen.0000202887.22082.63

35. Litvinenko 1V, Krasakov IV, Bisaga GN, et al. Modern conception
of the pathogenesis of neurodegenerative diseases and therapeutic
strategy. Neuroscience and Behavioral Physiology. 2017;117(6-2):
3-10. (In Russ.) DOI: 10.17116/jnevro2017117623-10

36. Faucheux BA, Nillesse N, Damier P, et al. Expression of lacto-
ferrin receptors is increased in the mesencephalon of patients with
Parkinson disease. Proc Natl Acad Sci U S A. 1995;92(21):9603-9607.
DOI: 10.1073/pnas.92.21.9603

37. Salazar J, Mena N, Hunot S, et al Divalent metal transporter 1
(DMT1) contributes to neurodegeneration in animal models of Parkin-
son’s disease. Proc Natl Acad Sci U S A. 2008;105(47):18578-18583.
DOI: 10.1073/pnas.0804373105

38. Mastroberardino PG, Hoffman EK, Horowitz MP, et al. A novel
transferrin/TfR2-mediated mitochondrial iron transport system is
disrupted in Parkinson'’s disease. Neurobiol Dis. 2009;34(3):417-431.
DOI: 10.1016/j.nbd.2009.02.009

39. Guerreiro RJ, Bras JM, Santana |, et al. Association of HFE com-
mon mutations with Parkinson’s disease, Alzheimer's disease and
mild cognitive impairment in a Portuguese cohort. BMC Neurol
2006;6:24. DOI: 10.1186/1471-2377-6-24

40. Uversky VN, Li J, Fink AL. Metal-triggered structural transforma-
tions, aggregation, and fibrillation of human alpha-synuclein. A possible
molecular NK between Parkinson's disease and heavy metal exposure.
J Biol Chem. 2001,276(47):44284—44296. DOI: 10.1074/jbc.M105343200
41. Connor JR, Snyder BS, Arosio P, et al. A quantitative analy-
sis of isoferritins in select regions of aged, parkinsonian, and Al-
zheimer's diseased brains. J Neurochem. 1995:65(2):717-724.
DOI: 10.1046/j.1471-4159.1995.65020717 x

42. Castellani RJ, Siedlak SL, Perry G, Smith MA. Sequestration
of iron by Lewy bodies in Parkinson’s disease. Acta Neuropathol.
2000;100(2):111-114. DOI: 10.1007/s004010050001

43. Faucheux BA, Martin ME, Beaumont C, et al. Lack of up-regulation of
ferritin is associated with sustained iron regulatory protein-1 binding ac-
tivity in the substantia nigra of patients with Parkinson’s disease. J Neu-
rochem. 2002;83(2):320-330. DOI: 10.1046/j.1471-4159.2002.01118.
44, Faucheux BA, Martin ME, Beaumont C, et al. Neuromelanin
associated redox-active iron is increased in the substantia nigra
of patients with Parkinson’s disease. J Neurochem. 2003;86(5):
1142-1148. DOI: 10.1046/].1471-4159.2003.01923.x

45, Langston JW, Forno LS, Tetrud J, et al. Evidence of active nerve cell de-
generation in the substantia nigra of humans years after 1-methyl-4-phe-
nyl-1,2,3,6-tetrahydropyridine exposure. Ann Neurol 1999;46(4):598—605.
DOI: 10.1002/1531-8249(199910)46:4<598:: aid-ana7>3.0.co;2-f

Vol.40(4) 2021

DOl https://doi.org/ 10.17816/rmmar83609

Russian Military Medical
Academy Reports

46. Zhang W, Phillips K, Wielgus AR, et al. Neuromelanin activates
microglia and induces degeneration of dopaminergic neurons: im-
plications for progression of Parkinson’s disease. Neurotox Res.
2011;19(1):63-72. DOI: 10.1007/512640-009-9140-z

47. Lewis MM, Du G, Kidacki M, et al. Higher iron in the red nu-
cleus marks Parkinson's dyskinesia. Neurobiol Aging. 2013;34(5):
1497-1503. DOI: 10.1016/j.neurobiolaging.2012.10.025

48.Yu X, DuT, Song N, et al. Decreased iron levels in the temporal
cortex in postmortem human brains with Parkinson disease. Neurol-
ogy. 2013;80(5):492—495. DOI: 10.1212/WNL.0b013e31827f0ebb

49. Olivieri S, Conti A, lannaccone S, et al. Ceruloplasmin oxidation,
a feature of Parkinson's disease CSF, inhibits ferroxidase activity and
promotes cellular iron retention. J Neurosci. 2011;31(50):18568—18577.
DOI: 10.1523/JNEUR0OSCI.3768-11.2011

50. Boll MC, Sotelo J, Otero E, et al. Reduced ferroxidase activity in the
cerebrospinal fluid from patients with Parkinson’s disease. Neurosci
Lett. 1999;265(3):155-158. DOI: 10.1016/s0304-3940(99)00221-9

51. Hochstrasser H, Bauer P, Walter U, et al. Ceruloplasmin gene varia-
tions and substantia nigra hyperechogenicity in Parkinson disease. Neu-
rology. 2004;63(10):1912-1917. DOI: 10.1212/01.wnl.0000144276.29988.c3
52. Song N, Wang J, Jiang H, Xie J. Ferroportin 1 but not hep-
haestin contributes to iron accumulation in a cell model of Par-
kinson's disease. Free Radic Biol Med. 2010;48(2):332-341.
DOI: 10.1016/j.freeradbiomed.2009.11.004

53. Miyake Y, Tanaka K, Fukushima W, et al. Dietary intake of met-
als and risk of Parkinson’s disease: a case-control study in Japan.
J Neurol Sci. 2011;306(1-2):98-102. DOI: 10.1016/j.jns.2011.03.035

54. Levenson CW, Cutler RG, Ladenheim B, et al. Role of dietary iron
restriction in @ mouse model of Parkinson’s disease. Exp Neurol.
2004;190(2):506-514. DOI: 10.1016/j.expneurol.2004.08.014

55. Maass F, Michalke B, Willkommen D, et al. Cerebrospi-
nal Fluid Iron-Ferritin Ratio as a Potential Progression Marker
for Parkinson’s Disease. Mov Disord. 2021. Online ahead of print.
DOI: 10.1002/mds.28790

56. Roberts BR, Ryan TM, Bush Al, et al. The role of metallobiol-
ogy and amyloid-B peptides in Alzheimer's disease. J Neurochem.
2012;120(Suppl 1):149-166. DOI: 10.1111/j.1471-4159.2011.07500.x
57. Sayre LM, Perry G, Harris PL, et al. In situ oxidative catalysis
by neurofibrillary tangles and senile plagues in Alzheimer's dis-
ease: a central role for bound transition metals. J Neurochem.
2000;74(1):270-279. DOI: 10.1046/}.1471-4159.2000.0740270.x

58. Perry G, Nunomura A, Hirai K, et al. Is oxidative damage the
fundamental pathogenic mechanism of Alzheimer's and other neuro-
degenerative diseases? Free Radic Biol Med. 2002;33(11):1475-1479.
DOI: 10.1016/s0891-5849(02)01113-9

59. Altamura S, Muckenthaler MU. Iron toxicity in diseases of ag-
ing: Alzheimer's disease, Parkinson’s disease and atherosclerosis.
J Alzheimers Dis. 2009;16(4):879-895. DOI: 10.3233/JAD-2009-1010
60. Guillemot J, Canuel M, Essalmani R, et al. Implication of the
proprotein convertases in iron homeostasis: proprotein convertase 7
sheds human transferrin receptor 1 and furin activates hepcidin.
Hepatology. 2013;57(6):2514-2524. DOI: 10.1002/hep.26297

61. Rogers JT, Randall JD, Cahill CM, et al. An iron-responsive ele-
ment type Il in the 5’-untranslated region of the Alzheimer’s amyloid
precursor protein transcript. J Biol Chem. 2002,277(47):45518-45528.
DOI: 10.1074/jbc.M207435200

62. Lei P, Ayton S, Finkelstein DI, et al. Tau deficiency induces par-
kinsonism with dementia by impairing APP-mediated iron export. Nat
Med. 2012;18(2):291-295. DOI: 10.1038/nm.2613




HEVPOVHDEK LA

0b ABTOPAX

*Uropb BayecnaBoBuy JIUTBUHEHKO, JOKT. Mef. HayK, Npodec-
cop; anpec: 194044, Poccus, CankT-Tetepbypr, yn. AKageMuKa
Jlebepesa, A. 6; ORCID: https://orcid.org/0000-0001-8988-3011;
eLibrary SPIN: 6112-2792; Web of Science

Researcher ID: F-9120-2013; Scopus Author ID: 57202361039,
e-mail: litvinenkoiv@rambler.ru

Uropb BayecnaBoBuy KpacakoB, KaHf. Mef,. HayK;

ORCID: https://orcid.org/0000-0001-6092-0659; eLibrary SPIN:
9891-8300; Web of Science Researcher ID: 1-8865-2016;

Scopus Author ID: 26642102200; e-mail: ikrasakov@gmail.com

* ABTOp, OTBETCTBEHHBIN 3a nepenicky / Corresponding author

Tom 40,Ne 4, 2021

DOl https://doiorg/ 10.17816/rmmar83609

V13BecTua Poccuinckon
BoeHHo-MeauLIMHCKOM aKaaeminn

AUTHORS' INFO

*Igor V. Litvinenko, M.D., D.Sc. (Medicine), Professor;

address: 6, Akademika Lebedeva str., Saint Petersburg, 194044,
Russia; ORCID: https://orcid.org/0000-0001-8988-3011;
eLibrary SPIN: 6112-2792; Web of Science

Researcher ID: F-9120-2013; Scopus Author ID: 57202361039;
e-mail: litvinenkoiv@rambler.ru

Igor V. Krasakov, M.D., Ph.D. (Medicine);

ORCID: https://orcid.org/0000-0001-6092-0659; eLibrary SPIN:
9891-8300; Web of Science Researcher ID: |-8865-2016;
Scopus Author ID: 26642102200; e-mail: ikrasakov@gmail.com

23



