Neurodegenerativni nemoci
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Hematoencefalicka bariéra

O O 0O

Vhodnéjsi mozna termin bariéra mezi krvi a mozkomisnim
mokem

Dynamicky proces molekuldrniho priniku vzhledem k
prutoku CSF.

Koncentrace CSF proteinl zavisi na tom, odkud pochdzeji
(krev nebo mozek).

Koncentrace proteint pochazejicich z krve se kontinualné
zyysuje na jejich ceste z komor do paterniho kanalu v
dusledku pasivni difuze.

Pohybova energie CSF pochazi z tlakového rozdilu mezi
arterialnim a venoznim systemem.

Pokud hematoenecefalicka bariera nefunguje optimalng,
koncentraci krevnich bllkovinvmodulul]'e v primarne Erutok
CSF; pokles prutoku CSF zvysuje molekularni pruni

krevnich bilkovin




nzulin, glukoza a mozek

Tradicne bylo vychytavani glukozy mozkem @

oxidativni energeticky metabolismus v mozku
povazovany za inzulin-nesenzitivni

Pozdéji se ukazalo, ze inzulinem regulovany
metabolismus je v glich neurondlnimi cestami
regulovony insulin/IR.

Dnes se md za to, ze i mozek Ize povazovat zo

tkan senzitivni na glukozu i inzulin. Tuto hypotéezu
podporuje prekryvajici se distribuce inzulinu, IR,
GLUT1 a GLUT4 transportéru v jistych oblastech
mozku, zejména v hippokampu a v plexus
chorioideus.




Inzulin, glukdéza a mozek

O Hladiny inzulinu po jidle maximdainé stimuluji celkovy
metabolismus glukozy v kife mozkove, bud pifimo (joko v
perifernich tkanich, nebo nepifimo cestou inzulinem
stimulované neuronadlni aktivace.

O Jako transportér se ziejme uplatnuje Castecné senzitivni
na inzulin GLUT1 v gliich, protoze hlavni neurondini
transportér pro glukdzu je inzulin nesenzitivni.

O Inzulin patrné stimuluje akumulaci glukdzy v gliich a jeho
metabolizaci na laktat pro neurony, coz, jak se zdd, je
sekundadrni akce po neurondlni aktivaci inzulinem.




Inzulin, glukdéza a mozek

Inzulin je také schopen inhibovat vychytavani
noradrenalinu (NA), coz aktivuje glidini NA B-
adrenoreceptory. To mad za ndsledek
uvolnéni glukdzy ze zasob glykogenu v gliich.
Jakykoliv problém v souhtre inzulinu @
metabolismu glukdzy v neuronech ohrozuje
syntézu ATP, coz je cesta k aktivaci apoptozy
neuronu.
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Figure 5. Parkinson's Disease Pathways
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Adapted from Moore, et al., (2005) [3].
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Figure 6. Oxidative Stress Pathways

Adapted from Wersinger and Sidhud (2002) [18].




NMDAR=N-methyl D-aspartat receptor

o = receptor pro glutamat; predominantni molekula
Figure 7. Effect of Neurotoxin Triggers
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PARP=Poly (ADP-ribose) polymerase
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Table 1. Genes Associated with Parkinson's Disease

| |
Locus Map Position Gene Inheritance 1 Pathology |
PARK 1 ‘ 4q21-q23 a-synuclein . Dominant, LB positive
| high penetrance .
T | - | ) !
PARK 2 ‘ 6q25-q27 parkin Recessive ; LB negative '
PARK 3 2p13 | Unknown Dominant, LB positive
‘ Incomplete penetrance
T ' i _‘ |
PARK 4 | 4p15 Unknown Dominant, | LB positive ‘
i high penetrance
| =N 1
PARK S ‘ 4pl4 UCH-L1 Dominant Unknown B
| | | | =
| | | ] |
PARK6 | 1p36-p35 | Unknown | Recessive | Unknown i
- | I
PARK 7 1p36 DJ-1 Recessive 5 Unknown |
PARK 8 12p11-q13 Unknown Dominant, 1 LB negative |
{ Incomplete penetrance |
— —_— — —_— S— i [ S— ‘w — —
PARK 9 1p36 Unknown ‘ Recessive 4 Unknown
' |
PARK 10 1p32 ‘ Unknown Non-Mendelian ; Unknown
|
PARK 11 2q36-q37 Unknown Non-Mendelian : Unknown |
| | . | , . — e
222222 | 2q22-q23 | NR4A2 Dominant f Unknown !
1 i |

Adapted from Bonfante, et al., J. Med. Chem. (2004).



a-Synuklein

[0 Tento presynapticky protein (140 AK) je hlavni

L

slozkou intracelularnich agregatu tzv. Lewyho
telisek (PD).

Zatim |dent|f|kovany tri missense mutace v genu
SNCA, ktery kdduje synuklein u pacientu s
famlllarnlm parkinsonismem s poklesem
kognitivnich funkci.

Dynamika synukleinu in vivo je zavisla na mnoha
metabolickych funkcich, zejména téch, které
souviseji s proteasomovou a lysosomalni
aktivitou.

Pokles koncentrace v CSF u neurodegenerativnich
nemoci; nevi se presne, proc.




Figure 3 | Evolutionary conservation of music perception/production. The genes up-regulated after music performance such as SNCA, FOS, and DUSPI
have been demonstrated to be regulated in the song control system of songbirds?***4"~** whereas ZNF223 and ARHGAP26 have been known to be
functionally similar to ZNF225 (ZENK) and ARHGEF?9 that are regulated during song perception and production in songbirds®*’*”*, The up-regulated
genes SRXN1 and ASCC?2 are the known target genes of FOS. The up-regulated genes PLAUR, SELENBPI and FTH]1 are the known direct target genes of
FOXP2. FOXP2gene has been known to be a very important candidate gene for song and speech development. Reduced activity of FOXP2has been known
to interfere with dopaminergic modulation of vocal variability, thus impairing song and speech development™. The vector graphics of songbird and cello
player have been obtained from Openclipart (https://openclipart.org/) and modified.

www-nature.com/scientific reports 5 :9506
DOI: 10.1038/srep09506




Alzheimerova nemoc (AD)
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Cerebrovaskularni a neurondini dysfunkce, kterd vede k
progresivni ztrate kogniotivnich funkci

Tau protein a extracelularni amyloidové plaky slozene
zejména z AP.

AB (38-43 AK) je vedlejsi proteolyticky produkt
amyloidového prekurzorového proteinu (APP).

Oligomericke AB (nejmensi jsou dimery) jsou
syncp’ro’roxmzke

Casny zacdatek AD (<1%) je asociovdn s mutacemi v
APP, presenilin 1 (PSENT) nebo presenilin 2 (PSEN2), které
vedou ke zvysene tvorbe APP.




Alzheimerova nemoc

[0 Je progresivni amyloidoza, ktera poskozuje
vysSi nervové funkce, predevsim ty, které jsou
spojeny s konzolidaci pameéti (hippokampus)

O Dochazi k akumulaci peptidu (42 AK), amyloidu

B (AB42) v extracelularnich senilnich plakach, k

intraneuronalnim inkluzim

hyperfosforylovanych tau proteinu v

neurofibrildrnich zmétich a ke ztraté neuronu a
(@]
axond.




Amyloid-p -Peptidy

Amyloid- B (A B ) peptidy ruzné délky vznikaiji
behem enzymatickeho stepeni 120 kDa
fransmembranového amyloid precurzotroveho
proteinu (APP) 3 ruznymi sekretazami: p-
secretazou (BACE-1). v-sekretdzou o
metaloproteindzou a-sekretdzou.

Tvorené peptidy maji ruznou tendenci
agregovat podle jejich délky a stupné
posttranslacni oxidace.

Amyloidové plaky v mozku pacientu s AD jsou
fvoreny zejmena karboxyterminalne

prolo4r12govonym| formami A-peptiddz, jako je
A 1




Figure 2. j-Secretase Pathway
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Figure 1. a-Secretase Pathway
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Amyloid-p -Peptidy

O Ruzné dlouhé amyloid- B (A B ) peptidy vznikaji
béhem enzymatlckeho stepeni 120 kDa
transmembranového amyI0|doveho prekurzoroveho
proteinu (APP) tfemi ruznymi sekretazami B-
sekretazou (BACE-1), y—sekretazou a metaloproteazou
a-sekretazou. VznlkaJ|C| peptidy maJ| ruznou tendenci
agregovat, coz zalezi na jejich délce a stupni
postranslacni oxidace.

n AmyI0|dn| plaky v mozku pacientu s AD se skladaji
zeJmena Z karboxytermlnalne prodlouzenych forem A
peptidy, jako je A 1-42.




Figure 4. Possible Effects of Soluble Ajl Oligomers
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muscle cells in blood vessels
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3 AP chaperones in CSF as
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Tau Protein

[0 Fosfoprotein tau %68 kDa) je nativhe nezavinuty protein
spojeny s mikrotubuly, ktery je zodpovedny za stabilizaci
mikrotubuld.

0 Neurofibrilarni zmét se ¢asto nachazi u paC|entu s AD.
Jedna se o proteinova filamenta ve forme stabilnich
nerozpustnych polymery tohoto tau proteinu. Afinita k
mikrotubulum je dana ruznou mirou fosforylace na 79
moznych mistech. U nemoci s témito strukturami je tau
protein hyperfosforylovan jeste dfive, nez dojde k tvorbé
zmeti.

Hodnota CSF celkového proteinu tau

u pacientu s AD - 300 - 900 pg/mL

u Creutzfeldt-Jakobovy nemoci (CID) - 1300 pg/mL
Obecnéji jako obecny marker pro ztratu neuronu

Kvantifikace fosforylace tau proteinu v CSF muze pomoci v
DD pro AD oproti jinym neurodegenerativhim nemocem.

O0O000O




Figure 3. Tau Pathways

Tau
Glycation

l

Calpain
Activation

Lipid
Peroxidation

Activation of Kinases .
(PKC, ERK2) Destabilized

/ Microtubules

Neurofibrillary Tangles
Impaired Neuropil Threads
Axonal e

FTransport




Environmental riskk factors
(mainly aging)

N\ P

Deregulation of insulin signaling pathway

Genetic susceptibility

neurofibrillary tangles +
- - Mismetabolism of proteins
NFET + AGEs + Dhisturbance of glucose / energy metabolism +

and phospholipids

H hosphorvlatio
%‘ Fpiri?tai:lssr;?:n = + Decrease of ATP levels

AP accumulation Impairment of ER and GA

0 v

é Mismetabolism of APP + Disturbance in protein processing

mER — endoplasmaticke retikulum; GA — Golgiho apardat




Figure 8. Huntington's Disease Pathway
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Huntingtonova nemoc

Normalni stav
DNA

O
O

ATGCAGGTGACCTCAGTG ]
TACGTICCACTGGAGICAC

RNA
AUGCAGGUGACCUCAGUCI%I
PROTEIN
Met-GIn-Val-Thr-Ser-Val N
O

Mutace typu trinukleotidové expanze

DNA
ATG(CAGCAGCAG),,CAGGTGACCTCAGTG
TAC(GICGICGIC),,GTCCACTGGAGTCAC

RNA
AUG (CAGCAGCAG),,CAGGUGACCUCAGUG

PROTEIN
Met-(GlIn-GIn-GIn),,GIn-Val-Thr-Ser-Val




ALS
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Amyotroficka lateralni skleroza

Progresivni, fatalni onemocneni se selektivni ztratou hornich
i dolnich motoneuronu

Koncetinova a obli¢ejova motoricka slabost, atrofie,
spasticita, smrt.

Prevalence 4-6 na 100 000 osob.

Sporadicka (sALS)

Familiarni forma (fALS).

Mutace v genu pro Cu/Zn SOD1..

Vysledek komplexni neurotoxicke kaskady, ktera zahrnuje
abnormaini agre%aci proteinu, dysfunkci proteosomu,
defekty axonalniho transportu, oxidativni poskozeni,
mitochondrialni defekty, poruchy homeostazy kalcia,
aktivaci apoptozy.




Sclerosis multiplex
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Nejcastejsi zanétlivé onemocnéni CNS
Prltomnost fokalnich T bunek, makrofagovych
infiltratu, demyelinizace a axonalm ztrata.

Dve zakladni formy:

Relabujici remitentni, 90%, hlavné zeny (2:1)
Primarni progresivni

CD4+ autoreaktivni T bunky.

HLA-DR15 haplotyp u Kavkazanu (DRB1 1501,
DRB5 0101, DQA1 0102, DQB1 0602) nese
nejsilnejsi geneticke riziko.
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Multiple sclerosis I '

Current understanding of the pathogenesis of MS and potential therapeutic targets.
Neuroinflammation has been classically described as the starting point in the pathology of MS.
Myelin-specific T cells are believed to orchestrate the autoimmune attack that leads to
oligodendrocyte damage and demyelination. Another hallmark of MS, however, is neuronal
damage involving both axonal and neuronal loss. Demyelination, axonal transection, and
neuronal loss are partly mediated by inflammation but might also occur independently of
inflammatory activity. This current understanding of MS pathology impacts directly on therapy
development. Ideally, patients need therapies that target both the process of inflammation and
the process of neurodegeneration.




Multiple Sclerosis and Related Disorders
Volume 3, Issue 2, March 2014, Pages 163-175
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Therapeutic potential of inhibitors of epigenetic processes in the treatment of multiple
sclerosis.

Epigenetic drugs such as histone deacetylase inhibitors, lysine acetyltransferase inhibitors
or DNA demethylating drugs have the capacity to rescue the distorted epigenetic
processes that affect the expression of genes in MS. In this way these drugs mediate
peripheral immunosuppressive activities either through skewing of dendritic cell function,
or directly by inhibiting the activities of Th1/Th17 cells or by promoting the activities of
Tregs. At the same these drugs may also exhibit neuroprotective properties or interfere in
disease-associated pathogenic processes in astrocytes or microglia.



http://www.sciencedirect.com/science/journal/22110348
http://www.sciencedirect.com/science/journal/22110348/3/2

Dekuji vam za pozornost




