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HepBHaa cncTtemMa

* LleHTpanbHaa HepBHaa cuctema (LLHC)
* [lepndpeprnyeckas HepBHasa cucrtema ([MHC)

* ABTOHOMHaa HepBHaa cuctema (AHC)



PazBuTHe U lereHepalnusi HEPBHOM CUCTEMBbI
100%

0 20 40 60 80 100 120 140
yrs



OnpepeneHune

« [lereHepauus: ObICTPbIN NPOLECC pa3pyLUEeHUs KIETOK UMK TKaHEWN,

NpoayKTbl pacnaga KOTopbIX BbI3bliBAOT 60r1ee CUIbHYIO peakLuio

CbaFOLI,I/ITO3a N KNEeTOYHOIO Mnmno3a

« ATtpodms:nocTeneHHoe NCTOLLEHNE N NOTEPS KITETOK, HE OCTaBAOLLAS

NPOAYKTbl Pa3foXeHMS N TONMbKO PeaKOo KIeTO4YHbIN, PUOPO3HbIN MN03

 AnonTo3: ectecTBeHHas rmbenb knetok B LIHC Bo Bpems passutus nnu

HEKOTOPbIX CTPECCOBbLIX COCTOAHNAX



MexaHn3m HenpoaereHepawuunm

BHekneTo4HbIN VS. BHYTPUKNETOYHBLIN Af3:
— OkucnntenbHoe paspywieHune yepes H,O,

— NoHOopHbIV nenTua, HapyLawwmm NMNUaHbIN KOMAIOHEHT U /
nnn obpasoBaHMe MOHHOIO KaHana

Tay nonumepusauns(knyoku, HeMpuThbl)
Bocnanexue / rmmmnanbHaga aktuBauus
MunToxoHapuanbHasa HeaoCTaTOYHOCTb
AnonTos



AnonTto3

3anporpamMmmupoBaHHasa rmbernb KNeTku
CamornepeBapuBaHme KIeTok
AKTMBaLUNA BHYTPUKINETOYHOMN NpoTeasbl
HeT BocnanuTtenbHOW peakuun

Pa3pyLueHne UMTOCKENeTa, ycaaka KINeTok, MeMOpaHHbIN
OrnedbouHr



APOPTOSIS

Expression of
G 1/S markers

Neuron reenters
cell cycle by coming
out from GO to G1
due to amyloid,
metabolism
alteration, stress...

S

Neurons are
differentiated
cells (in GO)

e —
Differentiation




Cyclin D1
Cdk4/6
INK4

Cde2
Cyelin B
MPM-2

In Alzheimer disease, both _
| Polo-kinases

G1/S and G2/M markers
are found in neurofibrillary M
tangles




AB, H,0,, Glu...

v

Changes 1n Ca homeostasis and/or calpain activation

Initiation of Apoptosis

g

GO -> Gl Clivage p35 ->p25
Pinl *
Cyclin D1 Complex Cdk5/p25

N

Mitotic phospho-Tau

!

Neurofibrillary
degeneration

y

(51/S markers

E2F-responsive genes

!

Apoptosis




AnonTtoas lll

» HenpopoereHepaTnBHble 3ab0f1EBaHUS:
borne3Hb AnbuyzelimMmepa: BUCoOYHO-TEMEHHasA JONS
EBonesHb MapkuHcoHa: SNc - substantia nigra pars compacta

AmMuompogbuyecKuu rnameparsibHbIU CK1epo3. ABuraTernbHbI HENPOH

[luamMeHMHbBIU pemuHuUmM: ceT4yaTka

CnuHanbHO-MbILLEYHAada aTpodusa: KNeTku nepeaHero pora



Anonto3 IV

OTUONOrMYEeCKUN daKkTop

OKucnuUTenbHbIN CTPECC

TOKCUYHOCTb KanbLUS
MuTtoxoHOpuanbHbIN oedekT
TOKCUYHOCTb, CBAA3aHHAas ¢ BO3OYyXAEHUEM
OednunT dpaktopa BbXXKMBAEMOCTU

cf: anonNnToTU4YEeCKUN NOPOr KNEeTKU



JleyeHne npu anonTtose

AHTUOKCUAOAHT

CDK2/4 nHrmbuntop(p21,p16 gene tx)
BbknBaemocTb dpaktopa pocTa
[eHHas Tepanud

[edpepokcammH



XapaKktepuctuka gereHepaTuBHOro 3aboneBaHus

* HaudmHalTCcsa KoBapHO
* [locne pnutenbHOro nepuoga HopmanbHOro yHKLUMOHUPOBAHNS
* HenpepbIBHOE NporpeccupyroLlee TedeHne
 bunarepanbHaa cUMMETPUS
NUcknroveHune: paHHaa bonesHb [NapkMHCOHa

« MoxeT npogomkaTbCa MHOTME roabl



[ereHepaTtunBoe 3aboneBsaHue |

e [laTonormnga

Bbibopo4HOe BoBRevYeHne aHaToMUYEeCKN U OU3NONOrMYecKm
CBA3aHHbIX CUCTEM HEMPOHOB

np) BAC, atakcua ®pugpenxa

 Pagunonorug
n3HayarnbHO 6e3 N3MeHeHUn
YMeHbLUeHe obbema
CHWXeHne metabonmama



IereHepaTtunBoe 3abonesaHue |l

Knaccudukauma ocHoBaHa Ha

* KnnHn4yeckom cuHgpome
e [TlaTOonornyeckon aHaTomMumn

* [[eHeTn4YeCcKnx HapyLUeHNAX



FTD SD PA

~. | -

FTLD
Pick Frontal MND

type type type




Knaccudukauma HenpoaereHepaTUBHbIX 3aboneBaHni

[lporpeccupyrowiaa gemeHumsa: bonesHb AnbLrenmepa
[lemMnHumsa ¢ gpyrumm Hesposnorndyeckumu npogasneHmamu: HD
* HapyweHue no3sbl 1 asmxeHunun: PD

* Atakcua: SCA

« MegneHHoe pasBuBLUadacs MbllliedHasa cnabocTtb: BAC

« CeHcomoTopHOe HapylwieHue: CMT

 [lporpeccupytowiada cnenota: Leber, TUrMeHTHbIN PETUHUT

* HeunpoceHcopHasa TYroyxocTb



bBenkun npu HenpoaereHepaTUBHbIX 3a601eBaHMNAXD (Nat Med, 2004)

Toxic protein Protein deposit Familial disease Gene mutated Sporadic disease Risk factor
B-amyloid Senile plaques FAD APP Alzheimer disease Apoed
PS1, PS2
Tau Neuronal and glial inclusions FTDP-17 inclusions MAPT AD and tauopathies® MAPT haplotype
a-synuclein Lewy bodies Lewy neurites Familial PD" SNCA (a-synuclein) Lewy body disease“ SNCApolymorphisn
MAPT haplotype
Glial cytoplasmic inclusions Not identified Not applicable Multiple system atrophy Not identified

Polyglutamine
repeat expansi Nuclear and cytoplasmic inclusions Huntington disease HD (huntingtin) Not applicable Not identified
on

Kennedy disease AR (androgen receptor)

DRPLA DRPLA (atrophin-1)

SCAL, 2,3 ATXNI, 2,3

SCA6 CACNAIA*

SCA7 ATXN7 (ataxin-7)

SCA17 TBP
PrpP°¢ Protease-resistant PrP* f::;-ﬂial prion protein dis PRNP Sporadic prion protein disease®* PRNPpolymorphisn
SOD Hyaline inclusions ﬁ;tgsli’é“al dominant fami ¢} (cu/zn SOD) Sporadic ALS Not identified
ABri/ADan Amyloid plaques and angiopathy ﬂ?:tlil;al British/Danish de BRI Not identified Not identified
Neuroserpin  Collins bodies FENIB" SERPINII(neuroserpin) Not identified Not identified


https://www.nature.com/articles/nm1113/tables/1
https://www.nature.com/articles/nm1113/tables/1
https://www.nature.com/articles/nm1113/tables/1
https://www.nature.com/articles/nm1113/tables/1
https://www.nature.com/articles/nm1113/tables/1
https://www.nature.com/articles/nm1113/tables/1
https://www.nature.com/articles/nm1113/tables/1
https://www.nature.com/articles/nm1113/tables/1

Mopaenb gereHepaunm HEePBa (Nat Med, 2004)

Native protein

{random coil) (B-pleated sheet)

I intracytoplasmic |
inclusion
; (NFTs, Lewy bodies) |

' Extracellular aggmga!- o |
(senile plagues)



Benok arpernpyeT npmn HeMpoaereHepPaTUBHbIX 3a601€BaAHUAX (Nigel Cairns)
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 Inhibition of UPS

} Disruption of ‘

/ - axonal transport

Synaptic

/ | dysfunction

Apoptosis

-

Altered gene /
transcription — 4
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| EXxcitotoxicity
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| Mitochondrial
dysfunction

Protein
sequestration
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Neurodegenerative Dementias

TAUOPATHIES

Late onset
-~ lau
Hyperphosphorilation

/

iInsoluble aggregates

Ly Ll sls

neuronal death

FTDP-T7 onlofe mparal demenhia ana parknsonism inked to chromasome 17 associaled with 1au 9ans mutatons.
CBD:Cauticobasi dene neraion PiD Fiok's giseg :

) eate AGD Aravrophilic grain disease PSP Py OQressive supranuclear palsy
PD Farknson’s disease, DLB Cementis vath Levay bodies MSA Muliple systerm atrophy



Table | Diseases with tau inclusions

Alzheimer’s disease

Amyotrophic lateral sclerosis/parkinsonism-dementia complex
Argyrophilic grain disease

Chronic traumatic encephalopathy

Corticobasal degeneration

Diffuse neurofibrillary tangles with calcification
Down’s syndrome

Familial British dementia

Familial Danish dementia

Familial frontotemporal dementia and parkinsonism
Gerstmann-Straussler-Scheinker disease
Guadeloupean parkinsonism

Huntington'’s disease

Meningio-angiomatosis

Myotonic dystrophy

Neurodegeneration with brain iron accumulation
Niemann-Pick disease, type C

Non-Guamanian motor neuron disease with neurofibrillary tangles
Pick’s disease

Postencephalitic parkinsonism

Progressive supranuclear palsy

SLC9A6-related mental retardation

Subacute sclerosing panencephalitis

Tangle-only dementia

White matter tauopathy with globular glial inclusions




doi:10.1093/brainfaww230 BRAIN 2017: 140; 266-278 | 266

A JOURNAL OF NEUROLOGY

REVIEW ARTICLE

Like prions: the propagation of aggregated tau
and a-synuclein in neurodegeneration

Michel Goedert, Masami Masuda-Suzukake and Benjamin Falcon

The abnormal aggregation of a small number of known proteins underlies the most common human neurodegenerative diseases. In
tauopathies and synucleinopathies, the normally soluble intracellular proteins tau and a-synuclein become insoluble and filament-
ous. In recent years, non-cell autonomous mechanisms of aggregate formation have come to the fore, suggesting that nucleation-
dependent aggregation may occur in a localized fashion in human tauopathies and synucleinopathies, followed by seed-dependent
propagation. There is a long prodromal phase between the formation of protein aggregates and the appearance of the first clinical

symptoms, which manifest only after extensive propagation, opening novel therapeutic avenues.



PacnpegeneHne ammnounga-B, Tay, a-CUHyKNnenHa

AR TAU a-SYNUCLEIN

Phase 1 Stages I-11 Stages 1-2

Stages I11-1\ Stages 3-4

<

Stages 5-6

Figure | Distribution of amyloid-§, tau and a-synuclein inclusions in human brain. Left: Amyloid-B (AB) plaques develop first in basal
temporal and orbitofrontal neocortex (Phase |). They are observed later throughout the neocortex, hippocampal formation, amygdala, di-
encephalon and basal ganglia (Phases 2 and 3). In severe cases of Alzheimer’s disease, amyloid-f3 plaques are also found in mesencephalon, lower
brainstem and cerebellar cortex (Phases 4 and 5). Middle: Tau inclusions develop in the locus coeruleus, as well as in transentorhinal and entorhinal
regions (Stages | and Il). This is followed by their presence in the hippocampal formation and some parts of the neocortex (Stages Ill and V),
followed by large parts of the neocortex (Stages V and VI). Right: The first a-synuclein inclusions are present in the olfactory bulb and the dorsal
motor nucleus of the vagal and glossopharyngeal nerves of the medulla oblongata (Stages | and 2). From the brainstem, the pathology ascends
through the pons to midbrain and basal forebrain (Stages 3 and 4), followed by the neocortex (Stages 5 and 6). This figure is based on the work of
Braak, Del Tredici, and collaborators. From Goedert (2015).

Brain 2017:140;266-278



Substantia nigra Graft Graft
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Figure 2 Possible host-to-graft spreading of Lewy pathology in Parkinson’s disease. The patient received a transplant of foetal human
mesencephalic dopaminergic nerve cells into the putamen |6 years previously. Immunohistochemistry for a-synuclein visualizes Lewy bodies and
neurites in the host substantia nigra (A) and the transplant (B and C). Adapted from Li et al. (2008).



ALZ17, non-lnjochd ALZ17 +wt braln extract ALZ17 + P301S tau brain extract

..-‘? St iﬁ'f

3

Tau (AT8)

Tau (AT100)

Hippocampus, injection site, 15 months post seeding

Figure 4 Induction of filamentous tau pathology in mice transgenic for one isoform of wild-type human tau (line ALZ17)
following injection with brain extract from symptomatic mice transgenic for one isoform of human mutant P30IS tau. Staining
of the hippocampal CA3 region of 18-month-old ALZ |7 mice with anti-tau antibodies AT8 and AT 100 and Gallyas-Braak silver. Non-injected (left),
I5 months after injection with brain extract from non-transgenic control mice (middle) and 15 months after injection with brain extract from
6-month-old mice transgenic for human P301S tau (right). The sections were counterstained with haematoxylin. Scale bar = 50 pm.
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Figure 5 Conformation determines the seeding potencies and resistance to disaggregation of tau aggregates. (A) Quantitation
by western blotting of insoluble fraction from tau-expressing HEK cells seeded with equivalent amounts of aggregated recombinant P301S tau
(P301S tau + heparin), TgP30IS tau aggregates and aggregated P30 1S tau (P301S tau + 5% TgP301S tau aggregates). (B) Guanidine hydrochloride
(GdnHCI) treatment of tau seeds.



» Patients

FIGURE 4 PROJECTED NUMBER OF PEOPLE AGE 65 AND OLDER (TOTAL AND BY AGE GROUP)
IN THE U.S. POPULATION WITH ALZHEIMER'S DISEASE, 2010 TO 2050

Millions of people 3 :
with Alzheimer's | I Ages 6574 [l Ages 75-84 W Ages 85+

16

1 13.8

12

10

I I I I I
Year 2010 2020 2030 2040 2050

Created from data from Hebert et al "= 1®



FIGURE 10 AGGREGATE COSTS OF CARE BY
PAYER FOR AMERICANS AGE 65 AND
OLDER WITH ALZHEIMER'S DISEASE
AND OTHER DEMENTIAS, 2013*

Total cost: $203 Billion (B)

Medicare

. $107 B, 53%

.. Medicaid
$358B, 17%

Out-of-pocket

» $34 B, 17%

o Other
- $27B,13%

*Data are in 2013 dollars.

Creatad from data from the application of The Lewin Maodal*'® to data from
the Medicare Current Beneficiary Survey for 2008.%* "Other” payment COSTS OF CARING FOR PEOPLE WITH ALZHEIMER’S AND OTHER

sources include private inguranca, health maintenance organizations, other DEMENTIAS WILL SOAR FROM AN ESTIMATED $203 BILLION THIS
managed care organizations and uncompensated care.
YEAR TO A PROJECTED $1.2 TRILLION PER YEAR BY 2050.




bone3Hb Anburenmepa

The most common neurodegenerative disorde rworddwide
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[laToreHe3 bone3Hn Anburenmepa

Amyloid =2 (.l S Apolipoprotein E
Precyursor % Qe \ BT o-1-Antichymotrypsin
Protein ™y P-Secretase ) o-2-Macroglobulin?
g Cleavage Site Hyperphosphorylated Tau Protein

Sabiotais Neuritic Plaques
'\{_ e

—. Cleavage Site

Aggregation Inflammation

Dementia Syndrome
With Cognitive and
Behavioral Changes

B-Amyloid Neurodegenerative . Neuronal
Protofibril Changes Death

Oligomerization Hyperphosphorylated

Tau Protein

Neurofibrillary Tangles

L@
'} B-Amyloid
I Peptide Release

Processing , Oxidative Injury Dying Back and Neurotransmitter
: Synapse Loss Deficits

Cummings & Cole, 2002’



bunomapkepsbl bonesHn AnbLrenmepa

Abnormal

4

- Amyloid-§ accumulation (CSF/PET)
- Synaptic dysfunction (FDG-PET/MRI)
- Tau-mediated neuronal injury (CSF)
= Brain structure (volumetric MRI)
== Cognition
= Clinical function

-
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Preclinical " MCI Dementia

>
Clinical Disease Stage



XONMH3prnyeckasa rmnotesa AeMeHUnm

S: Septal area
D: Diagonal band of Broca
B: Basal nucleus of Meynert

A



HenpoBu3lyanmsauma
bone3Hn Anburenmepa
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naumeHTa ¢ bone3Hbo AnbLrenmepa
Normal AD
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Cholinesterase inhibitors prevent hydrolysis of
acetylcholine and increase cholinergic action

Cholinesterase
inhibition

/7

Acetylcholinesterase p= == == =

Acetate

N
e

Precursor loading to increase
acetylcholine levels ineffective

]
&%
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¢ == —————




XOJIMH3prnyeckasa rmnoTesa

* CHMXEHME aKTUBHOCTM KOPKOBOW XONMHALETUATPaHChepasbl

« XONnMHeprnyeckaa HempoHanbHaa noteps B 6a3asbHOM
MavHepTa 1 Apyrux NOAKOPKOBLIX A4ep

* HecnocobHoCTb K 0byyeHunto, Bbl3BaHHaA XONMHEPTNYECKMMN
aHTaroHMCTamm

» YpoBeHb CAT koppenunpyet ¢ Homepom NP n ¢ oueHkon MM
SE

* CHMXXEHHbIN npecnHanTnyecknm M2, HUKOTUHOBAA rcp C
OTHOCUTENbHO Waaawen noctcnHanTnyeckon M1 rep .



VaD
! ChEI-treated
Group

Improvement

Change from

Baseline
on VaD
ADAS-COG 41 s . Placebo
Group
l - ® AD
Worsenin | Placebo
& Group

3 | e

0 1 3 6
Months

m Data from a clinical trial with a cholinesterase inhibitor (ChEl) in
vascular dementia (VaD). Both the treated group (open squares,
upper line) and placebo group (filled squares, middle line) are
shown,* as well as a placebo group (filled circles, lower line) from a similarly

designed study with Alzheimer’s patients. "The VaD placebo group did not decline
as much as the Alzheimer’s disease (AD) group.

Erkinjuntti T( Lancet, 2002), Raskind MA ( Neurology, 2000 )



[BurartenbHble HapyLleHNA

Oh-Dae Kwon
Department of Neurology
School of Medicine
Catholic University of Daegu
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cerebral cortex

=

. 2

GP; /SNr

FIGURE 16—3. Schema of anatomical nuclei and pathways involving the
basal ganglia. Black arrows represent excitation, and speckled arrows repre-
sent inhibition. Note the two primary pathways that leave the striatum—
the “direct” pathway that flows monosynaptically to the GP, and the
“indirect” pathway that has intermediate synapses in the GP_ and the sub-
thalamic nucleus. GP, = globus pallidus internal segment; GP_, = glebus pal-
Lidus external segment; STN = subthalamic nucleus; SNr = pars reticularis of
the substantia nigra; SNc = pars compacta of the substantia nigra; thal =

thalamus.




bonezHb NapKMHCOHa MoOXeT
HayaTrbCA B NpoAosiroearom mosare
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B3anmoaencTeme c KULLEYHMKOM
NpU ABUIraTEIbHbIX PaCCTPOMCTBAX




/loKka3aTenbCcTBO B3aMMOAENCTBUA KMLLEYHMKA M MO3ra

HepBHOEe cIuieTeHue Kely/iKa [I0OKa3bIBaeT aibda-CUHYKJIENH.
Ectb cBs3b mexxay LRRK2 u BocnasinTesbHbIM 3a00/IeBAaHUEM
KuinedHuka (0osie3ub KpoHa).

Jleuenune anHTu-®HO 1npu BocnajuTeIbHBIX 3a00JI€EBAHUIX
KUIIedHUKa CHUKaeT puck 6osie3uu Ilapkuncona (Hui et al. 2018)



Figure. Cumulative Incidence of Parkinson Disease (PD) Among Patients
With or Without Inflammatory Bowel Disease (IBD)

0.015
IBD
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L

Log-rank P <.001
U_ T T T T T T T 1
0 2 4 [ 8 10 12 14 16
Time Since |1BD Index Date, y
No. at risk
|BD 144018 86557 46261 25505 13275 6423 2250 440

Control 720090 425380 229183 123597 63558 30061 10710 2202

Table 3. Incidence Analysis of PD Among Patients With IBD by Anti-TNF Exposure

Univariate Poisson Model® Multivariate Poisson Model?
Anti-TNF Exposure® PD Event Person-years Rate® Crude IRR (95% CI) PValue Adjusted IRR (95% CI) P Value
Yes 2 23610 0.08 0.11 (0.03-0.45) 0.22 (0.05-0.88)
No 369 484423 0.76 1 [Reference] 002 1 [Reference] 03
Abbreviations: anti-TNF, anti-tumor necrosis factor; IBD, inflammatory bowel exposure status was defined as no.

disease; IRR, incidence rate ratio; PD, Parkinson disease.

2 Anti-TNF exposure status was defined as yes for all days from anti-TNF

exposure index date to last date of anti-TNF exposure coverage or end of a . . . .
enrollment or PD index date, whichever was earliest; otherwise the anti-TNF Model adjusted for time-varying age group and sex, and offset by time.

P|ncidence rate per 1000 person-years.
 Unadjusted incidence ratio, offset by time.

Inga Peter et al.JAMA Neurol. 2018



[MnoTe3bl 0 B3aMMOAENUCTBUSA KMLLEYHMKA M MO3ra

['urnoresa ABOMHOTO MOIIAJIAaHUA O IIATOJIOTUU 00JIe3HU
ITapkuHCOHA KaK B 000OHATEJILHOE SIAPO, TaK U B KUIIIEUHUK.

JKCTpaKThI Tesia JIeB1 13 TOJIOBHOT'O MO3Ta BbI3BIBAIOT
IIaTOJIOTHUIO AJIb(pa-CUHYKJIENHA U HEMPOAereHEPAIINIO Y MbIIIEN
1 00e3bpgH.(Ann Neurol 2014;75:351-362, 2015;78;522-528)



Hean: [To mmeronumMcs JaHHBIM, a-CHHYKJIEWH, OCHOBHOU O€TKOBBIN KOMIIOHEHT TenbIla JIeru (LB), MoxxeT ObITh
OTBETCTBEHHBIM 32 MHUIIMUPOBAHUE U PACTIPOCTPAHEHUE MATOIOTMYECKOTO Ipoliecca rnpu 6one3nu [TapkuHcona
(BIT). B mognepsxky 3TOM KOHIIETIITUN BHYTPUMO3TOBAsI MHOKYJISIINAS CHHTETUYECKUX PEKOMOWHAHTHBIX (PpruOpULT a-
CHUHYKJIEMHA MOKET BbI3BaTh MATOJOTHIO a-CUHYKJIEMHA y Mbliiei. OJIHAKO 0CTAETCSl HESICHBIM, MOTYT JIU
naToreHHbIe () PEeKTh PEKOMOMHAHTHOTO CHHTETUYECKOTO O-CHHYKJIEHHA TPUMEHSATHCS K TTATOJIOTUIECKOMY Ol
CUHYKJIEUHY, cBs3aHHOMY ¢ BII, u BcTpedarbcest y BUIOB, 60s1ee OJM3KMX K YETIOBEKY.

Metoabi. ®pakium, odoraneHHbIe HUTpaTbHBIM LB, comepxarire maromorniaeckuii o-CHHYKJICHH, OUUIIATN OT
MOCMEPTHBIX M03roB PD myTeM (hpakiimoHnpoBaHUS C TPAIUEHTOM Caxapo3bl U 3aT€M WHOKYJIUPOBAIH B USPHYIO
CyOCTaHIIMIO WJIA CTPUATYM MBIIIICH TUKOTO THUTIA U Makak. KOHTpOJIbHBIE )KHBOTHBIE TIONydaliu (hpaKinu, He
conepxamue LB, cogepkamuye pacTBOpUMBIN 0.-CUHYKJIEWH, ITOJIyYEHHBIN U3 TOU KE TKAHH.

PesyabTarsl: 1 y mblmieil, u 'y 06e3bsH HHTpaHUTPaJIbHbIE WIM HHTPUCTPUATAIBHBIE HHOKYJISIIUU 3KCTpakToB LB
IIPUBOAWIIM K ITPOTPECCUPYIOLIEN HUTPOCTPUATAIBHON HEMPOIETEHEPALINH, HAYMHASL CO CTPUATAIIBHBIX

1o aMUHEPTUUECKUX TEPMUHAIOB. Y JKUBOTHBIX, OMyYaBIIUX (ppakuuu 6e3 LB oT Tex ke maiueHTos,
HelposiereHepaluy He HaOMoAanochk. Y JKUBOTHBIX, KOTOPBIM BBOAWIN LB, 3K30reHHBIN YenoBeueCKuii a-
CHUHYKJIEUH OBICTPO YCBaMWBaJICS B HEHPOHAX X034MHA U 3aITyCKaJl MATOJIOTMYECKYI0 KOHBEPCHUIO SHIOT€HHOTO a-
cuHykienHa. B Hayane LB-unaynimpoBaHHO# ferenepaiiy maToJoru4ecKuil a-CUHYKIeHH X03I1Ha Tu(dy3HO
HAKaIUIMBAETCs B HEWPOHAX HUTEpa U aHATOMHYECKH B3aUMOCBSI3aHHBIX 00IAaCTAX, KaK aHTEPOTPaHO, TaK U
petporpaano. LB-unaynupoBanHbie naroreHHbie 3¢ (GeKThl TpeOOBaIN HAINYHS YEJI0BEYECKOTO (i-CUHYKJICHHA,
IIPUCYTCTBYIOIIETO B OKCTpakTax LB, u sxcnpeccnn xo341Ha a-CUHYKIICHHA.

MNurepnperanus:Buspt a-Synuclein, cogepxkamuecs y BI1, mpoucxopsaimem u3s BII, aBisroTcs marore
HHBIMH U 00J13JTaI0T CIIOCOOHOCTHI0 MHUIUUPOBATh BII-110100HBIN TATOIOTHYECKUH ITPOIECC, BKITIOY
asd BHYTPUKJIETOUHBIE U IIPECUHANITUYECKHUE CKOIUIEHUA [IaTOJIOTUYECKOI0 a-CUHYKJIENHA B PA3JINYHbI
X 06/1aCTAX MO3Ta U MEJJIEHHO MTPOTPECCUPYIONIYI0 aKCOH-UHUIIMMPOBAHHYIO T0(PAMUHEPTUIECKYIO H
UTI'POCTPUATAIIBHYIO HEUPOJEeTeHEPALUIO.

ANN NEUROL 2014;75:351-362



Barotomusa n nocneayrowmm puck oonesHu NapknHcoHa.

LENb:

BonesHb MNapknHcoHa (BI1) MoxeT ObITb Bbl3BaHa KULLEYHBbIM HEMPOTPOMHbLIM NAaTOreHOM, NPOHUKAOLLNM B
MO3r yepes bnyxaarowuimn HepB, NPOLECC, KOTOPbI MOXET 3aHATb bonee 20 net. Mbl uccnegoBanun puck
pa3suTna bl y nauneHToB, NepeHecLLUMX BaroTOMUIO, U BbIABUHYN TMNOTE3Y O TOM, YTO BaroToMusi C
MCNOSb30BaHNEM YCEYEHHOrO TpaKTa CBA3aHa C 3alUMTHbIM 3(PEeKTOM, Toraa Kak cynepcenekTMBHas
BaroTOMUS OKasblBaeT HE3HAYUTESbHbIN 3JDEKT.

METO[bI:

Mbl noCTpounmn KoropTbl BCeX nauneHToB B [laHun, nepeHecumx sarotomuio B 1977-1995 rr., U
conoctaBuMyto O6LLYO NONYNALMOHHYIO rpynny, CBA3aB gaTckue peecTpbl. Mbl CNONb30Banun perpeccuto
Kokca ans sblumncneHnsa koaddumumneHToB pucka ans bl n cootBeTcTBYOWMX 95% O0OBEPUTENBHBIX
NHTEpPBanoB, C y4ETOM BO3MOXHbIX NPENATCTBUN.

PE3YJIbTATbI:

Puck Bl 6bin cHUXeH y naumeHToB, nepeHecwmnx cteonosyto (UCC = 0,85; 95% AW = 0,56-1,27;
HabntogeHne> 20 net: YCC = 0,58; 95% [W: 0,28-1,20) no cpaBHEHUIO C CYyNnepPCENEKTUBHON BAaroTOMUEN.
Puck Bl Takke Gbin CHKEH NOCNe BAaroToMUn YKOPOYEHUS MO CpaBHEHUIO ¢ 0OLLen nonynsumen (odwas
ckoppekTmpoBaHHas YCC = 0,85; 95% [W: 0,63-1,14; HabntogeHne> 20 net, ckoppektpoBaHHas YCC =
0,53; 95% [OW: 0,28-0,99 ). Y naymeHTOB, NepeHecLUnX CynepcenekTMBHy0 BaroTomuto, puck bl obin
aHanornyeH obuwemy HaceneHnuto (UCC = 1,09; 95% [OW: 0,84-1,43; HabnogeHne> 20 net: YUCC = 1,16; 95%
[an: 0,80-1,70). CtaTuctnyeckas TOHHOCTb OLEHOK pucka bbina orpaHnyeHa. PesynbraThl 6b1niv cornacoBaHsbl
nocre BHELUHEN KOPPEKTUPOBKN HA HEM3MEPUMOE CMELLIEHNE KYPEHUEM.

MHTEPIMNPETALUA:

[MonHas BaroToMu CBA3aHa C yMeHbLUeHNneM pucka nocriegytowero bl, 4To no3sonsieT npeanonoXunTb, YTo
Bnyxgatowmmn Heps MOXeET BbITb KPUTMYECKM BOBIieYeH B natoreHes bll.

Ann Neurol 2015;78;522-528



bayxaatowmm HepB U Bl

PacnpocTpaHenue ajibda-CUHYKJIEHHOBOM IIaTOJOTHUH U3 KUIIIEUH
HMKa B MO3T 1 HA000POT (BO3MOXKHBI 00a HaTpaBJIEHUS).

(Goedert et al., 2017), (Tredici & Braak, 2016)



_ Table | Diseases with tau inclusions

Alzheimer’s disease

Amyotrophic lateral sclerosis/parkinsonism-dementia complex
Argyrophilic grain disease

Chronic traumatic encephalopathy

Corticobasal degeneration

Diffuse neurofibrillary tangles with calcification
Down’s syndrome

Familial British dementia

Familial Danish dementia

Familial frontotemporal dementia and parkinsonism
Gerstmann-Straussler-Scheinker disease
Guadeloupean parkinsonism

Huntington'’s disease

Meningio-angiomatosis

Myotonic dystrophy

Neurodegeneration with brain iron accumulation
Niemann-Pick disease, type C

Non-Guamanian motor neuron disease with neurofibrillary tangles
Pick’s disease

Postencephalitic parkinsonism

Progressive supranuclear palsy

SLC9A6-related mental retardation

Subacute sclerosing panencephalitis

Tangle-only dementia

White matter tauopathy with globular glial inclusions
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Figure 4 Induction of filamentous tau pathology in mice transgenic for one isoform of wild-type human tau (line ALZ17)
following injection with brain extract from symptomatic mice transgenic for one isoform of human mutant P301S tau. Staining
of the hippocampal CA3 region of 18-month-old ALZ 7 mice with anti-tau antibodies AT8 and AT |00 and Gallyas-Braak silver. Non-injected (left),
I5 months after injection with brain extract from non-transgenic control mice (middle) and 15 months after injection with brain extract from
6-month-old mice transgenic for human P301S tau (right). The sections were counterstained with haematoxylin. Scale bar = 50 pm.



KoHdopmauua onpegenseTr BO3MOXHOCTU BbiCEBA U
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Figure 5 Conformation determines the seeding potencies and resistance to disaggregation of tau aggregates. (A) Quantitation
by western blotting of insoluble fraction from tau-expressing HEK cells seeded with equivalent amounts of aggregated recombinant P301S tau

(P301S tau + heparin), TgP301S tau aggregates and aggregated P301S tau (P301S tau + 5% TgP301S tau aggregates). (B) Guanidine hydrochloride
(GdnHCI) treatment of tau seeds.



Nepepaya anbda-CUHYK/IEMHA B HEPBHOM CUCTEME Y€JI0BEKA
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N3yyeHne XKMBOTHbIX

ITO YKa3bIBaeT Ha TO, YTO KUIIIeUHAsI MUKPOOMOTA MOAYIUPYET
MOTOPHBIU A€PUIIUT U IIATOJIOTHIO MO3Ta HA MOJIEJIAX MBIIIEN C
BII.(Cell 2016;167:1469-1480)

HenpoHHbIN aj1b(hpa-CUHYKJIENH B UMMYHHTETE KEJTYJ0YHO-
KUIIIeYHOT'o TpakTa inflam - BocnajieHue TOJICTON KUIIIKU —
CHH)KeHHaA KopoTkollernoyeuHasa FA mpu bl




Muxpoomuora KHIIeYHUKA peryjinpyer
ABUraTeJIbHbIE Je(PUIUTHI U
HeHPOBOCHAJIE€eHHE B MOJAEJIU 00J€3HU

ITapkuHcoOHa
- Gut microbes promote a-synuclein-mediated motor deficits and brain
pathology
- Depletion of gut bacteria reduces microglia activation
- SCFAs modulate microglia and enhance PD pathophysiology
- Human gut microbiota from PD patients induce enhanced motor dysfunction
11 mice

Cell 2016;167:1469-1480
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N306paxeHue NMapkUMHCOHU3MaA




Progressive Supranuclear Palsy
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Multiple System Atrophy-P




Corticobasal Degeneration




PET SCANNING IS A MARKER OF PD PROGRESSION

baseline




Less affected side More affected side



Representative ration parametric axial images at level
of around AP commissure,

X
S

2012, Minyoung Oh, et al. Journal of Nucl Med




a early and b late phase F-18 FP-CIT-PET of Movement disorders and
Normal

ET MSA-p MSA-c

2013, Soyoung Jin et al. Nucl Med Mol Imaging




Difference of regional uptake in early phase image SPM of MISA-P, MISA-C,
PSP, and DLB, compared with IPD (rbr<o0.05)
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The molecular chaperon

Lab. of

MolecularP

Neuro

Table 1 | Molecular chaperones and proteases implicated in protein disaggregation

Chaperone Organism

ClpBor Bacteria, yeast, plants

Hsp104 and mitochondria of
animals

Hsp70 Bacteria, archaea and
eukaryotes (cytosol,
ER, mitochondria and
chloroplasts)

Bacteria, archaea and
eukaryotes (cytosol)

Bacteria and
eukaryotes
(mitochondria and
chloroplasts)

AAA+ proteases

265 proteasome  Eukaryotes (cytosol)

Eukaryotes (cytosol)

ER, endoplasmic reticulum; sHSF, small heat shock protein; VCF, valosin-containing protein.

Structure and
oligomeric state

Hexamer

Monomer

8—24-mer

Hexamer (for
example, ClpA
and ClpC) and
heptamer (for

example, ClpP)

Hexamer (for
AAA+ proteins)
and heptamer (for
a- and B-subunits)

Hexamer

ATP
binding
Yes

Yes

No

Yes

Yes

Yes

Activity

Reactivation of aggregated proteins in
cooperation with an Hsp70 chaperone
system

Prevention of aggregation, reactivation

of aggregated proteins in cooperation

with ClpB or Hsp104, and folding of newly
synthesized proteins and misfolded protein
species

Prevention of irreversible protein
aggregation

Degradation of misfolded or aggregated
protein species and of native proteins
harbouring specific degradation tags

Degradation of polyubiquitylated proteins
(including misfolded and native proteins
harbouring specific degradation tags)

Degradation of misfolded ER proteins and
membrane fusion

hysiology

(Nat rev mol cell biol, 2010)
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Strategy for clearance of aggregates Molecularpyysiology

UPsS Anti-aggregation drugs




Lab. of

VaCCinia-related kinase (VRK) family M()lffe%]r%Physmlogy

Vaccinia virus B1 kinase — VRK2

VRK Conserved kinase domains a. a. identity

VRK1  kinasedomain  NLS '

44%

—— 33%

2.3%

kinase domain

?

Neurological .
|

disardar KSR1 (MAPK signaling)

w ' f JIP1 (INK signaling)
BAF-Q ‘— VRK2 == TRiC/CCT (Protein aggregation)

/C 1 |
VIR g, AR \VBHRF(ApoptOSIS)
Histone H3~Q

N FAT1 Bcl-xL (Apoptosis)

(Cell invasion)



Lab. of

VRK2 & Chapel’onin MOII%%%IrEgPhysiology

: Monomer -

Proper folded protein . Toxic oligomer

P P (misfolded) 9
@ -_’ﬁ An T —

Co-chaperone ~ Anti-aggregation drug
~ (e.g. Trehalose, Congo-red, C2-i

Chaperone ,
/ Chapéfénin
Chaperone inducible drugs ‘\

(e.g. Geldanamycin, 17-AAG, HSF1A) -
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The eukaryotic chaperonin TRiC Molecularppyyiology

- Key components of the cellular chaperone machinery

(a)

Apical

Intermediate

(d) Nt-free ATP-induced
closed state

Equatorial

- Chaperonin initially proposed to fold only actin and tubulin (Cei, 1992)

- Numerous non-cytoskeletal substrate proteins have been identified, including cyclin E, Cdc20 and
the Von Hippel-Lindau tumor suppressor (VHL) or cei, 1999), (Mol Cell, 2001), (Mol Cell Biol, 1998)

- Recently, chaperonin controls polyglutamin aggregation and toxicity (Nat Cei sio, 2006)

TRiC, TCP-1 Ring Complex
CCT, chaperonin containing TCP-1
TCP-1, tailless complex polypeptide 1



Lab. of

Chaperonin alleviates protein aggregation Molecularpyiology

Chaperonin TRiC control polyglutamine aggregates formation

Qa2
-YFP

ceta-1 (TRIC mutant strain)

(percentage of total)
=
|

Cells with multiple foci

&

Bl rLlr'-ul'LI.-L.
v@23@567 avgﬁ

CCTx Hsp70

RNA interference

(Nat Cell Biol, 2006)



O)Xnpaemas NPoAO/IKUTENIbHOCTb XXU3HU NaUUEeHTOB ¢ 60n1e3HbIO
MapKUMHCOHa No cpaBHEHUIO C HaceneHnem BennkobputaHuum

Bo3pact |Oxua. NMpoponxk-1| CpeaHnn Bo3p
Hayana b XXU3HMU acT CMepTH

25-39 38(49) 71(82)
40-64 21(31) 72(83)
65+ 5(9) 88(91)

L Ishihara, A Cheesbrough, C Brayne, A Schrag JNNP 2007,78:1304-1309
AAD(average age of death)2 5= ==Xt= HAQIQ AR,



UTOo Mbl MOXeM caenathb ANA
NaLMeHTOB C HEeBPOJIOMrMYeCKUMMU
3abo0/1eBaHUAMU?
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