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Charakteristika

e Atrofia, zanik mozgovej hmoty — def. patoanatomicky, def.
diagnoza zvacsa post mortem (okrem Specif. symptom. a CT,
NMR obrazu )

e Rozsah atrofie:
® sivA hmota <-> siva i biela hmota
® fokalna <-> mutifokalna <-> difuzna (globalna)
® Specifické oblasti <-> bez Specificity
® len mozog <-> mozog i miecha <-> CNS i PNS
e PriCiny s mnohopocetné — hereditarne, ziskané
e Makroskopické prejavy su rozne — viditefné (ACH) <-> menej
zrejme
e Molekularne mechanizmy — u mnohych zname, inde nezname

® u mohych v depoziciach identifikované akumulaty proteinov;
preco tieto, ako vznikaju, ako to meni funkciu ¢asto

e Symptomatologia heterogénna
e ROzne kategorizacie, 100-vky jednotiek; pokracuje diverzifikacia




Delenie podla
lokalizacie




Degenerativne ochorenia
kortikalne a subkortikalne

1. Degenerativne ochorenia s postihnutim kortex
M. Alzheimer (demencia presenilis, sy. Heidenheim)
M. Pick (demencia presenilis, atrophia Pick)
M. Mast (degeneratio corticis fronto-parietalis)
M. Mills (dgeneratio corticis frontosagitalis, hemiplegia ascendens)
Sy. Nevin (atrophia cerebralis spongioformis paesenilis)
M. Holmes (degeneratio corticis parieto-occipitalis)

2. Degenerativne ochorenia s prevaznym postihnutim kortexu a
subkortikalnych Struktar (prosencefalo-diencefalické)

. Huntigton (chorea hereditaria progressiva)

. Heidenheim (subakutna spongioformna encefalopatia)

. Vogt (chorea congenita)

. Creutzfeld-Jacob (degenatio cortico-striato-spinalis)

. Biswanger (progresivna subkortikalna encefalopatia)

. Marchiafava-Bignami (degeneratio corporis callosi)

. Menkes (atrophia pallido-cerebellaris)

. Minor (degeneratio corporis striati)

. Hallerworden-Spatz (degeneratio globi pallidi progressiva)

. kuru (sy. usmievajucej sa smrti)

Sy. Alpers (deg. cortico-striato-celebellaris)

Sy. Lhermitte-McAlpin (degeneratio pallido-cerebello-pyramidalis)

M. Hammond (athetosis idiopathica, deg. cortico-striata)

M. Homen (degeneratio nuclei lentiformis)
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Degenerativhne ochorenia rostralneho
kmena (mezencefalické )

a) s extrapyramidovou symptomatolégiou
M. Parkinson (paralysis agitans)
Sy. Hunt (paralysis agitans juvenilis (degeratio globus pallidum)
Sy. Ziehen-Oppenheim (dystonia musculorum deformans)
M. Wilson (degeneratio hepatolenticularis)
Familiarna benigna chorea

b) s pyramidovou alebo vegetativhou symptomatolégiou
Sy. Ferguson-Critchey (hered. spast. paraplégia, okularne, extrapyramid. sy.)
Sy. Seligmuller (hereditarna dystonicka paraplégia s mentalnym deficitom)
Sy. Barnard-Scholz (Kjellinov sy.) (hered. spast. paraplégia s degeneraciou)
Sy. Sjogren-Larsson (kongenitalnaichty6za so spasticitou aoligofréniou)
Sy. Shy-Drager (priméarna ortostaticka hypotenzia)
M.Poskanzer (sy. hemiatrofie a hemihypertrofie)

C) s progresivnou extenzivnou oftalmoplégie, PEO)
- Sy. Wood-Schaumberg (nigro-spino-dentatovovu degeneraciou)
- s myotonickou dystrofiou
- so spongioformnou encefalopatiou
- Sy. Sanger -Brown (so spinocerebelarnou atrofiou)
- Sy. Bassen-Kornzweig (abetalipoproteinemia)
- Sy. Refsum
- M. Refsum -Thiébaut (heredopathia atactica polynuriformis)
- Sy. Laurence-Moon-Biedl (degeneratio diencephaloretinalis)
- Retinitis pigmentosa




Degenerativne ochorenia stredného a kaudalneho
kmena (cerebello-ponto-medullarne)

a) Hereditarne ochorenia s kochleovestibularnou atrofiou (PCVA)
PCVA bez inych abnormalit
PCVA + renalne ochorenie
- sy. Alport (nefritida a porucha sluchu; AD)
- renalna acidoza a porucha sluchu; AR
PCVA + kozné ochorenie (+ renalne ochorenie)
- urtika, amyloidoza obli€iek, nefritida; AD (Sy. Muckle-Wells)
- ichtydza, renal. insuf., prolindria; AD (Sy. Goyer)
- hydroza; AD (sy. Hellweg-Larsson)
PCVA + abnormality skeletu
- osteitis deformans (M. Paget)
- kraniometafyzarna dysplazia; AD (M. Pyle -Cohn))
- hyperostosis corticalis generalis (M. van Vuchen)
- osteogenesis imperfecta tarda (sy. Eckman-Lobstein)
b) Hereditarne ochorenia s poruchou sluchu (hluchotou)
Hereditarna hluchota s degeneraciou retiny
- S retinitis pigmentosa (sy. Usher)
- heredopathia atactica polyneuritiformis (M. Refsum)
- s obezitou a hypogonadizmom (M. Alstrom)
- s trpaslictvom a oligofréniou (sy. Cockayne)



Degenerativne ochorenia na urovni stredneho a
kaudalneho kmena (cerebello-ponto-medullarne)

b) Hereditarne ochorenia s poruchou sluchu (hluchotou) (con’t)
Hereditarna hluchota s degeneraciou optiku

- s ataxiou (M. Silvester )

- s polyneuropatiou (sy. Rosenber-Chutorian)

- s juvenilnym diabetom (M. Tunbridge-Paley )

- s degeneréciou ncl. dentatus (sy. Nyssen-vanBogaert)

- s cerebralnou degeneraciou (M. Norrie)

- so svalovymi atrofiami a mental. retardaciou (M. Small)

Hereditarna hluchota s inym ochorenim CNS
- s epilepsiou resp. s myoklonickou epilepsiou, AR (sy. Latham-Munro)
- s myoklonusom, diabetom a nefritidou, AD (M. Hermann)
- s fotomyoklonusom a ataxiou, AD (sy. May-White)
- s ataxiou, AR (M. Lichtenstein-Knorr)
- s ataxiou a dyspigmentéaciou, AD (sy.Telfer)
- s ataxiou a hyperurikémiou, AD (M. Rosenberg-Bergstom)
- s ataxiou, hypogonadizmom, ataxiou, oligofréniou, AR (M. JeuneTomasi )

Hereditarna hluchota s neuropatiami
- S neurindbmami n. acusticus, AD (M. Gardner)
- so senzorickou radikulopatiou, AD (sy. Denny-Brown)
- S neuropatiou, myopatiou a abnorm. skeletu, AD (Sy. Flynn-Aird)
- so svalovymi atrofiami a nefritidou (sy. Lemiaeux-Neemeh)




Degenerativne ochorenia na urovni stredného a
kaudalneho kmena (cerebello-ponto-medullarne)

c) Spino-cerebelarne degeneracie
Familiarne spinocerebelarne degeneracie u novorodencov a deti
- ataxia teleangiectasia (M. Lous-Barr-Henner)
- cerebelarna ataxia s optickou atrofiou
- cerebelarna ataxia s retindlnou degeneraciou
- kongenitalna granulocelularna hypoplazia
- hyperplazia cerebella s kongenitalnou kataraktou (sy. Marrinesco- Sjogren)

Familiarne spino-cerebelarne degeneracie u dospelych
- hereditarna spinocerebelarna ataxia (M. Friedreich)
- hereditarna areflektoricka dystaxia (sy. Roussy-Leévy)
- hereditarna spasticka ataxia (sy. Pierre - Marie)
- hereditarna spasticka paraplégia
- olivo-ponto-cerebelarna degeneracia (M. Menzel)
- kortiko-cerebelarna degeneracia (M. Holmes)
- dyssynergia cerebellaris myoclonica (M. Ramsay-Hunt)
- cerebrocerebelarna degeneracia
- akutna intermitentna cerebelarna ataxia
- vestibulocerebelarna ataxia
- Sy. van Bogaert (deg. spino-cerebelo-olivarna)
- Sy. Déjerine-Thomas (deq. olivo-ponto-cerebellaris)
- Sy. Guillain (deg. olivo-ponto-cerebello-spinalis)
- Sy. Sanger- Brown (deg. dpino-celebellaris)




. Degenerativne ochorenia s prevaznym
postihnutim dolného
motoneuronu (spino-bulbarne)

Progresivnabulbéarna paralyza (PBP)
- klasicky typ( paralysis Duchenne, sy. Duchenne)
- infantilny typ (M. Fazio-Londe)
- juvenilny typ pomalej PBP
- PBP s komplexom demencie a extrapyr. sy. (sy. Guam-Kii)
- PBP s hluchotou a atrofiou optikov (M. Bown)
- PBP s korneéalnou dystrofiou, spastickou paralyzou a dysautondmiami

Amyotroficka lateralna skler6za (ALS)
- ALS s demenciou (a extrapyramidovymi sy.) (typ Guam)
- ALS s postihnutim zadnych povrazcov
Progesivna spinalna svalové atrofia (PSMA)
- atrofia spinalis progressiva infantilis (M. Werding-Hoffman)
- juvenilna scapulohumeralna atrofia (M. Kugelberg-Welanderova)
- adultna skapulohumeralna atrofia (sy. Vulpian-Bernhard)
- juvenicka skapulo-peroneéalna dystrofia (sy. Brossard -Kaeserov)
- adultna skapulo-peronealna dystrofia (sy. Davidenkov)
- distalne svalové atrofie (M. Aran-Duchenne)
- fascio-skapulo-humeralny sy.
- pseudomyopaticky typ
Spinélne atrofie - senzorické (ganglid)
- Sy. Biemondov (ataxia zadnych povrazcov)
- Sy.Peron-Droquet-Coulon (hereditarna senzoricka neuropatia)
- Sy.Morvan (neuropatia senzoria radiculata hereditaria)
- M. Morvan (neuropatia sensoria progressiva infantum)
Hereditarne senzori-motorické neuropatie (HSMN)



Mikroskopicky
nalez




Patoanatdmia

e Mikroskopicka nalezy:

® Atrofia — Ubytok nervove] hmoty sivej, bielej -> zvacsa
apoptotickym mechanizmom

®m Glibza (zapalove infiltracie)

® Farbitelné intracelularne a/alebo extracelulrane inkltuzie -
telieska “bodies, tangles, plagues” - u mnohych ochoreni

e Ultramikroskopické nalezy
® Fibrilarne biologicky tazko degradovatelné agregaty
B Amorfné agregéacie — plaky

® Edém buniek, vakuolizacia cytoplazmy, axonalna
degeneracia




Mikroskopickeé inkluzie v
nervovom tkanive

Senilné plaky — mimo bunky

Amyloidné plaky — mimo bunky

Neurofibrilarne terCiky — v cytoplazme

Levyho telieska — v cytoplazme

Sféroidy — v cytoplazme

Glioveé cytoplazmatické inkluzie — v cytoplazme
InklUzie — v jadre

Laforove telieska — v cytoplazme




(B)
©)
(D)
(E)
(F)

Alzheimerpva choroba — intracelularne neurofibrilarne tercilky +
extracelularne amyloidné plaky

Pickove ochorenie — intracelularne inkltzie tau proteinu

Prionoza PrPSc amyloidné depozity

Parkinsonova choroba - Levyho telieska v neurénoch substancia nigra
Machadoba-Josephova choroba — intranuklearne inklizie ataxinu-3
Mutantny ataxin-3 v jadre odliSné od jadierka



Zname akumulované proteiny

e [3- amyloidny protein = Stiepny zvySok spracovania APP v rdznych
bunkach

e o-synuklein = axonalny protein; vezikularny synapticky transport a
uvolfovanie neurotransmiterov.(mozog) interaguje s fosfolipidmi,
bielkovinami

e hyperfosforylovany protein tau = tau je adaptrér mikrotubularneho
cytoskeletu potrebny aj pri axonalnom traspurte

e pribnovy protein =

e superoxid dismutaza = antioxidany enzym

e huntingtin = adaptér kinetického systemu pri vezikularnom transporte
po mikro- tubuloch

e atrofin -

e ataxiny = ubikitin-proteazomového systemu degradacia proteinov
e laforin = fosfataza;

e glial fibrillary acidic protein (GFAP) =

e proteolipidovy protein =

e polyglukozan =

® neuroserpin =




(A)
(B)
©
(®)
(E)
(F)

Alzheimer's disease. neurofibrillary tangles + extracellular amyloid plagque(arr)
Pick's disease - fibrillar tau inclusions

Prion disease PrPSc amyloid deposition in

Parkinson's disease - multiple Lewy bodies in a nigral neuron
Machado-Joseph's disease - neuronal intranuclear inclusions ataxin-3 in.
Mutant ataxin-3, demonstrating that it is distinct from the nucleolus.



Heterogenita ochoreni s

akumulaciami
Ab Prdtein Ochorenie
{ B-amyloid Alzheimerova choroba
--> Amyloidozy Downov syndrom
4 Demencia s Lewy-ho telieskami
47 a-synuklein Parkinsonova choroba

-->Synukleinopatie  Demencia s Lewy-ho telieskami
Kortikalne ochorenie s Lewy-ho telieskami Mnohopocetna
systémova atrofia
Neurodegeneracia s akumulaciou zeleza (Hallerworden —
Spatzove ochorenie)

, Priony Creutzfeldtova-Jakobova choroba, Kuru
W\ ) , , o . .

--> Priondzy Fatalna familialna insomnia
Gerstmann-Straussler-Scheinkerovachoroba

f_ﬁ" Laforin Laforove ochorenie (AD)
o -~ . 0. N%



}. Protem

Ochorenia s akumulaciami

Ochorenie
| Taopatie Alzheimerova choroba
‘i Hyper Downov syndrom
- fosforylo Frontotemporalna degeneracia (M. Pick)
y vany tau Progresivna supranuklearna obrna

A
~ P

Sy.Guam (parkinson-dementia complex)
Kortikobazalna degeneracia
Palidopontonigralna degeneracia
Niemannove-Pickove ochorenie typu C

Ataxinopatie
Ataxin 1 6p22.3
¢ Ataxin 2 12924.12
) Ataxin 3 14¢32.12
Ataxin 7 3pl4.1

Ataxin 8 AD 13021

Spinocerebelarna ataxia typu 1 (SCAL) AD 6p22.3
Spinocerebelarna ataxia typu 2 (SCA2) AD 12g24.12
Vrodena dispozicia pre ALS (Amyotroficka lat. sklerdza, AD)
Dispozicia pre Parkinsonovu chorobu (AD)

Machadova -Josephova choroba AD 14932.1
Spinocerebelarna ataxia typu 7 AD 3pl14.1
Spinocerebelarna ataxia typu 8 AD 13g21
Spinocerebelarna ataxia typu 10 AD 22¢13.31



Heterogenita ochoreni s

akumulaciami
Protein Ochorenie
Superoxid dismutaza  Familidlna amyotrophicka lateralna
1 (SOD1) sklerdza
Huntingin Huntingtonova choroba
Atrofin Dentatorubral-pallidoluysian atrophy
Ataxiny Spinocerebellar atrophies
Laforin Lafora’s progressive myoclonus epilepsy

Glialny fibrilarny kysly Adult Alexander disease
protein

Proteolipidovy protein Pelizaeus-Merzbacher disease
Polyglukosan Polyglucosan body disease




(A)
(B)
©
(®)
(E)
(F)

Alzheimer's disease. neurofibrillary tangles + extracellular amyloid plagque(arr)
Pick's disease - fibrillar tau inclusions

Prion disease PrPSc amyloid deposition in

Parkinson's disease - multiple Lewy bodies in a nigral neuron
Machado-Joseph's disease - neuronal intranuclear inclusions ataxin-3 in.
Mutant ataxin-3, demonstrating that it is distinct from the nucleolus.
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Ochorenie Telieska/ lézie Protein Lokalizéaicia
AD (Alzheimer's disease) Senilné plaky Amyloid Extracelularne
Neurofibrilarne ter&iky Abnormalny Tau |Intracelularne
Levyho telieska a-synuklein Intracelularne
DS (Down's syndrome) . Amyloid Extracelularne
Senilné plaky . L
: Abnormalny Tau | Cytoplazmatické
Levyho telieska ) .,
a-synuklein Cytoplazmaticke
ALS (Amytrophic lateral sclerosis) |Sféroidy SOD1 Cytoplazmatické
SBMA (Kennedyho ochorenie) Androgenovy receptor Cytoplazmaticke
DLB (Dementia with Lewy bodies) |Levyho telieska a-synuklein Cytoplazmatické
NBIA 1 (Neurodegeneration with Levyho telieska a-synuklein Cytoplazmatické
brain iron accumulation 1) Glial cytoplasmic inclusions | a-synuklein Cytoplazmatické
LBVAD (AD+DLB) Lewy body Senilné plaky Amyloid Extracelularne
variant of Alzheimer's disease Neurofibrilarne ter&iky protein Tau Cytoplazmaticke
Levyho telieska a-synuklein Cytoplazmaticke
M (MU pIE syEism Eirepivy) Glial cytoplasmic inclusions | a-synuklein Cytoplazmaticke

NIID (Neuronal intranuclear

Polyglutaminové

: ) : Inclusions : Intranuklearne
inclusion disease) expanzie

Prion diseases Amyloid plaques Priony Extracelularne
REM behavioral disorder (RBD) Lewy bodies a-synuklein Cytoplazmaticke

Tauopathies

Neurofribrilary tangles

Abnormalny tau

Cytoplazmatické

Tri-nucleotide repeat diseases

Inclusions

Polyglutaminové
expanzie

Intranuklearne
intradendritické




Mechanizmy




Neurodegenacie - Patogenéza

e Agregaty, konformacia proteiny tvoria zhluky
- podrobnejSie Studovaneé v suvislosti s priondzami a tauopatiami

® Primarna porucha proteinu (mutécia) dovolujlca tvorit vazby (pary) medzi
susednymi proteinmi rovnakeho typu

® Protein je v poriadku, chybny je systém transportu s udrzanie konformacie —
chaperdny, chaperoniny

® Preco proteiny tvoria insolubilné zhluky, preco ich nie je mozné degradovat ?
e Mitochondrialna dysfunkcia — pokles tvorby ATP a vacsia tvorba ROS
e Chronicky neurozépal — vacSina Studovanych neurodegeneracii su
sprevadzane zapalom ( to nie je prekvapenie) ale zrejme ich vznik je
predchadzany impottovanym zapalom, imunitnou dysregulaciou
e Uloha microRNA v potogenéze NDCh -
- napr. miR-7/miR-153 regulacia a-synukleinu (SNCA) - nadbvyto¢na produkcia
normalneho SNCA a 3 mutantnych foriem SNCA
e Excitotoxicita, kaciova smert’ neuronov — scenar podobny hypoxii, ischémii,
epilepsii; nadmerna stimulacia receptorov NMDA (glutamat) vstup Ca%* a smrt

e Porucha axonalneho transportu - (huntigntin, tau) — naruSenie tvorby a
degradacie mikrotubulov a transportu v axéne



Neurodegenerative Disorders
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Neurodegenacie - Patogenéza

e Opakovanie trinukleotidov — dynamické mutacie

- prakticky vSetky patria medzi neurodgeneratiévne ochorenia; znamych 14, prvy
krat popisané u fragilného X- chromozomu

® Preco existuju ? Maly poCet je normalny a nuiny
® Ochorenia su vSetky neurologické + vo vacSej alebo mensej miere je pritomna
mentalna degradacia alebo demencia

Dystrophia Myotonia Protein Kinase Gene (DMPK)
(CTG)n

— e
Normal

(Oto~ddrepeats)* { 5, 3 4 s ‘/zg 21 Choroba nie je alebo je ?

CTG CTG CTG CTG CTG . . . . €TG ETG)\(; inA ickA
bl Mle.rna, ina, atyplcka
Variant su desiatky

—_— e
Mild Myotonic Dystrophy L, ) ,
(50 to ~150 repeats)* Typicke manifestné

ochorenie zname
T — s (LU (U0

Classical Myotonic Dystrophy
(~100 to ~1000-1500 repeats)* (CTG)s00

e 5 |
Congenital Myotonic Dystrophy
(~1000 to > 2000 repeats)* (CTG)1s00

* Note: Predicting disease severity based on repeat sizes is problematic due
to considerable overlap in phenotypes associated with repeat ranges.




Dynamické mutacie

1. Polyglutaminové expanzie

Ochorenie Gén Protein Normalne |[Pre-mutéacie Mutacia -
ochorenie

DRPLA DRPLA | atrofin-1 CAG6-35 ? 49-88

(Dentatorubropallidoluysian

atrophy)

Huntingtonova ch. (HCh) HD huntintin CAG 35 ? 36-121

SBMA (Spinobulbarna AR | androgénovy | CAG 9-36 ? 38-62

svalova Atrophy) receptor

SCAL1 (Spinocerebellar SCA1l ataxin-1 CAG 6-44 - 39-82

Ataxia Type 1)

SCAZ2 (Spinocerebellar SCA2 ataxin-2 |CAG14 - 31 31-36 36 - 64

Ataxia Type 2)

SCAZ3 (Spinocerebellar SCA3 ataxin-3 CAG 12-43 ? 56 - 86

Ataxia Type 3 - Machado- | (MJD1)

Joseph Disease)

SCAG (Spinocerebellar SCAG6 alfa-1A CAG 4-18 20 21 -33

Ataxia Type 6) CACN

SCA7 (Spinocerebellar SCA7 ataxin-7 CAG 4-19 30-36 37 - 306

Ataxia Type 7)




Dynamické mutacie

2. Fragile site expansions (untranslated leader regions of genes)

Disease Gene Protein | Normal Pre-mutation Mutation -

possible dis. disease

Fragile X Syndrome FMR1 |- CGG 6-53 53 -230 over 230

(FRAXA)

Fragile XE Mental FMR2 - GCC 6-35 35- 200 over 200

Retardation (FRAXE)

3. Other expansions (trailer and intron regions)

Friedreich’s Ataxia X25 frataxin | GAA7-34 34 and 100 100 or more

(FRDA)

Myotonic Dystrophy (DM) | DMPK CTG 5-37 50 adult-onset
thousands
congen.

Spinocerebellar Ataxia SCAS8 CTG 16-37 |37 and 110 110- 250

Type 8 (SCA8)

Spinocerebellar Ataxia SCA12 CAG 7-28 28 and 66 66-78

Type 12 (SCA12)




Vybraneé
ochorenia




Degenerativhe ochorenia
kortikalne a subkortikalne

1. Degenerativne ochorenia s postihnutim kortex
M. Alzheimer (demencia presenilis, sy. Heidenheim)
M. Pick (demencia presenilis, atrophia Pick)
IVI. Mast (degeneratio Corticis fronto-parietalls)
M. Mills (dgeneratio corticis frontosagitalis, hemiplegia ascendens)
Sy. Nevin (atrophia cerebralis spongioformis paesenilis)
M. Holmes (degeneratio corticis parieto-occipitalis)

2. Degenerativne ochorenia s prevaznym postihnutim kortexu a
subkortikalnych Struktar (prosencefalo-diencefalické)

. Huntigton (chorea hereditaria progressiva)

. Heidenheim (subakutna spongioformna encefalopatia)

. Vogt (chorea congenita)

. Creutzfeld-Jacob (degenatio cortico-striato-spinalis)

. Biswanger (progresivna subkortikalna encefalopatia)

. Marchiafava-Bignami (degeneratio corporis callosi)

. Menkes (atrophia pallido-cerebellaris)

. Minor (degeneratio corporis striati)

. Hallerworden-Spatz (degeneratio globi pallidi progressiva)

. kuru (sy. usmievajucej sa smrti)

Sy. Alpers (deg. cortico-striato-celebellaris)

Sy. Lhermitte-McAlpin (degeneratio pallido-cerebello-pyramidalis)

M. Hammond (athetosis idiopathica, deg. cortico-striata)

M. Homen (degeneratio nuclei lentiformis)

SIS L




Neurodegeneracie

(A) Representative image of neurodegeneration (B) Number of individuals affected by NDs per 1000 of both sexes
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Alzheimerova
choroba




Alzheimerova choroba

Definicia: neurodegenerativne ochorenie; post mortem NMRI, PET

Patomorfologia:

e Makroskopicky (Ubytok sivej hmoty, lateralna frontalna kéra (recove
oblasti a okolie) a inferiorna temporalna kora, parahipokampalna
oblast, neskor parietalny lalok

e Mikroskopicky (intracel. — neurofibrilarne terciky, extracel. — senilné
plaky); retrogradna deg. cholinergnej inervacie kory z nucl. basalis

e Ultramikroskopicky (agregaty — amyloidné fibrily - hyperfosforylované
tau (pTau); beta amyloid (Ab), a-synuklein

ACH patri medzi: amyloidozy, taopatie; choroby z agregatov

Etiopatogenéza: : a) Hereditarne f. (FAD): presenilin 1 (Ch14), presenilin 2
(Ch 1), APP (Ch21), IDE APOE4 b) Sporadické (SAD): postraumaticky,
toxicky, endokrinné, akcelerované (anestézia)

Prejavy: vyvoj demencie
- EOAD (v€asny nastup; hereditarne)
- LOAD (neskory nastup; zvac¢sa spontanne)




Makroskopické zmeny

Normalny mozog Mozog u ACH




Makroskopické zmeny

Sulcus

Sulcus
N

Gyrus = \*1',,,_ : o Gyrus

Normal Alzheimer's

Najprv vo vnatri mozgu a spodine — pamat, neskor temporalna kora
— jazyk, potom lateralny povrch hemisfér, frontopolarna kora -
personalita

10 &4

hinokamnalner ohlacti — namAat: 11t miizov difiizneidie cactn



S~ ’Amyloidné plaky
®¥(senilne, neuriticke)

Neurofibrilarne te€kiky
— filamentozne inklUzie

o

Granulovakuolarna
degeneracia




Etiopatogeneza

Additional predisposing factors
A

N — N

T 14 19 21 =) = Free Toxic
| Genetic factors Aging Female gender Head injury  radicals factors )

U ( —C \
\ Altered neuron =

metabolism

Chromosome 19 Gortical

Amy|0|dova .. . Chromosome 19  Chrpmosomes r(APOE E4) dysfunction = "~
A A (APOE|E4) 21, (14,1 s
hypotéza Todne M A [ limbic | &
Altered tau Hypoxia A dysfunction—
metabolism — ) \
- and microtulpule [??-AmyIOId peptlde J
| - lase fibril formation ‘_
& Formation of paired Subcortical

helical filaments dysfunction —_

-

-

Inflammatory response
Acute phase reactants

Cytdkines -~ Tau-hypotéza

= N Dementia typical of Alzheimer disease may result from
= 1. [\ oI selective loss or dysfunction of projection neurons,

resulting in cortical, limbic, and subcortical dysfunction
and decrease in neurotransmitters.

T LA, , Deficit transmisny
neurofibrillary tangles / \ Formation Ofﬁ-ﬂmyw 5-HT  Serotonin

and neuropil threads peptide plagues e blarepinephiing
Ach  Acetylcholine
NBM  Nucleus basalis of Meynert

Neurofibrilarne teréiky et ey lli(|~:~.l k‘éﬁ‘ﬁiﬁﬁf&” S

Neuronal loss of dysfunction




Amyloid 1=
plagues | -




e 1984 B-Amyloid 42 v senilnych plakoch; Peptidy
amyloidu beta s dizkou 36-43 AK st hlavnou
zlozkou extracelularnych amyloidnych plakov

e Vznikaju proteolytickym Stiepenim
prekurzoroveho proteinu amyloidu (APP) alfa - a
gama- sekretazou.

e hAPP: prekurzor 3-amyloidu; B-Amyloid peptid
(bAPP) v membrane pri signalizacii, vyznam pri
(1) synaptogenéze (najma AB42) je nevyhnutny
pre norméalnu dihodobu potenciaciu (LTP) v
hipokampe, synapticky prenos a tvorbu pamati;
(2) dolezity pre prezitie neuronov;

e (3) Antimikrobialna aktivita proti baktériam,
hubam a virusom. (4) Oprava a utesnenie
hematoencefalickej bariéry (BBB) po poraneni
alebo strese. (5) Podpora zotavenia po poraneni
mozgu

e Normalne sU aj odstranované; pri AD zacn(
agregovat do nerozpustnych polymerov.




e ProteinTau = je produkovany v 6 mol.
izoformach (altern. splicing jediného génu
MAPT.); patri k MAP (microtubule associated
proteins) - udrzuje molekuly o a 8 tubulinu
pokope; fahSie polymerizuji najméa
fosforylovany tau (p-tau)

e Tau U AD vznika hyperfosforylacia (hp-
tau) — meni konformaciu, zhlukuje sa do
agregatov — neurofibrilarneho klbka, K
hyperfosforylacii tau-proteinu dochadza aj
pocas starnutia — Rozpada sa i i s
mikrotubulus, ustéva axonalny transport — [ iy
retrogradna axonalna denerécia;

e \VV amyloidnych platoch je jadro z amyloidu
beta obalené neurofibrilarnymi viaknami

&~ 7 » p-tau sa alayzuje po rozpade neurénov v

*7 CSM: hp-tau sa mdze $irit transynapticky

Z neuronu do neuronu

Microtubule Subunits Fall Apart




Etiopatogenéza

e Sporadické formy sACH
e Familiarne formy ACH (fACH) obvykle nastup po 65 .
® Ch 21 (APP) : ACH s v€asnym nastupom fAD-6/50
w amyloidovy prekurzorovy protein --> beta amyloid
® Ch 1 (PS2) : ACH u volzskych Nemcov
w Presenilin 2 (? g-sekretazova aktivita)- rizikovy faktor
® Ch 14 (PS1) : fACH s v€asnym nastupom
w Presenilin 1 (? g-sekretazova aktivita) - 40/44
® Ch 19: ACH s neskorym mnastupom
w apolipoprotein E4+, E3-, E2 lethal




;‘F\ Funkéné poruchy pri AD

2 Cholinrgny systém mozgu
Nucl. basalis Meynert

Retrogradna degeneracia z Ach
terminal

> Noradrenergny systém mozgu
2 Serotoninergny systém mozgu

D Ch Transparter
5 vachT

¥ NGF

W) moachR
I m,AchR

@ ACh

© TrKANGFR

@ nacna Control

o Microtubule

© ChAT

ed  ACHE




‘ 2. Dezorientacia
: _, ‘} Memory loss N | Bl[:]der”e

“Where is my checkbook?”

I8 Spatial disorientation

8 “Could you direct me to my
office? | have the address
written down here
somewhere, but | can’t
seem to find it.”

5.Terminalne

More advanced phase
Slopply dressed, slow, apathetic,
confused, disoriented, stooped posture

4. Chradnutie
nedokoncenie

" g 4 | Terminal phase
Circumlocution T _ Bedridden, stiff,
Asks husband, “John dear, please ] ) unresponsive, nearly
call that woman who fixes my hair.” ' mute, incontinent

AT




Pickova
choroba




ghrontotemporalna lobarna degeneracia
k. (FTLD, Pickova choroba)

e Def:Degenerativne ochorenie s fropntotemporalnou degeneraciou
e V: vzacne; 40-60r. veku, formy sporadické i hereditarne (muzi)
e PA: nesymetricka, fronto-orbitalna kéra, temporalna- bazalna

- atrofia, glidza, Pickove telieska (tau protein)

e Ko: v poradi odliSnom od Alzheimerovej ch.
1. Poruchy chovania (pudoveé odbrzdenie, moria, zravost)
2. Poruchy pamate, afazia (palilalia, echolalia)

3. Loziskové prejavy pyramidove
4. Deliberalizacia novorod. reflexov (Upchopovy, saci...)




Pickove telieska = sférické
agregaty tau — proteinu

Temporalna atrofia
lavej hemisféry

http://frontalcortex.com/?page=oll&topic=24&qid=1278
https://en.wikipedia.org/wiki/Arnold Pick
http://www.scielo.br/scielo.php?script=sci_arttext&pid=S
0004-282X2001000100028

Taipa et al.:Clinico-pathological correlations of the most
common neurodegenerative dementiasFront. Neurol.,
2012 | https://doi.org/10.3389/fneur.2012.00068




Huntingtonova
choroba




Degenerativne ochorenia
kortikalne a subkortikalne

1. Degenerativne ochorenia s postihnutim kortex
M. Alzheimer (demencia presenilis, sy. Heidenheim)
M. Pick (demencia presenilis, atrophia Pick)
M. Mast (degeneratio corticis fronto-parietalis)
M. Mills (dgeneratio corticis frontosagitalis, hemiplegia ascendens)
Sy. Nevin (atrophia cerebralis spongioformis paesenilis)
M. Holmes (degeneratio corticis parieto-occipitalis)

2. Degenerativne ochorenia s prevaznym postihnutim kortexu a
subkortikalnych Struktar (prosencefalo-diencefalické)

. Huntigton (chorea hereditaria progressiva)

. Heidenheim (subakutna spongioformna encefalopatia)

. Vogt (chorea congenita)

. Creutzfeld-Jacob (degenatio cortico-striato-spinalis)

. Biswanaer (proaresivna subkortikalna encefalopatia)

. Marchiafava-Bignami (degeneratio corporis callosi)

. Menkes (atrophia pallido-cerebellaris)

. Minor (degeneratio corporis striati)

. Hallerworden-Spatz (degeneratio globi pallidi progressiva)

. kuru (sy. usmievajucej sa smrti)

Sy. Alpers (deg. cortico-striato-celebellaris)

Sy. Lhermitte-McAlpin (degeneratio pallido-cerebello-pyramidalis)

M. Hammond (athetosis idiopathica, deg. cortico-striata)

M. Homen (degeneratio nuclei lentiformis)

IZIZIZIZIZ KL L




Huntingtonova choroba

e Def: progresivne AD- dedi¢né ochorenie s
demenciou a choreou.

e \/y: nastup v prvych 10 rokoch, u inych po 60 . (
priemer 30 - 40 r.); smrt'v priemere 17 rokov po
objaveni prvych priznakov

e Etio: dynamickeé mutécie génu IT15 (Ch4p) pre
protein huntingtin (Htt) (350 kDa, 3144 AK)

- gén obsahuje normalne 6-35 CAG opakovani a

tym mnoho polymorfizmov;

- pri poCte > 36 a viac ( az 250) vznika

abnormélna verzia s manifestaciou ochorenia

e Pa

® Makroskopicka kortiko- striatova degeneracia

® |ntranuklearne inklUzie mutovanej formy
huntingtinu

® Tzv. aggegation - interacting proteins =
huntingtin- AP: ubiquitin; huntingtin interacting
protein 2 (HIP2) - prispieva k ubikvitinacii
huntintinu

® Neurochémia: nadbytok DA- nedostatok Ach v
striate




Huntingtonova choroba

Prejavy:
e Psychopatologické zmeny: > 50% pripadov ako prveé poruchy osobnosti,
®m Zmeny nalady, agresia a emotivity - vyssich citov, depresia, Uzkost,
® Zmeny osobnosti a spravania - paranoja, halucinacia, samovrazdné sklony,
strata sebadovery a koncentracie, oslabenie intelektu; rozpad osobnosti
® Poruchy kognitivnych funkcii: neschopnost planovania a rieSenia,
spomalene, nevypravné myslenie, znizeny usudok, chapavost a kritickost,
poruchy pracovnej aj logickej pamati a ucenia; demencia

e Motorické poruchy — chorea (,chorein - tancovat®);

e spociatku nendpadné zasklby, krutivé nekoordinované pohyby ruk,

e Casom pohybovy nepokoj - intenzivnejSie, hrube, netcelné mimovolné pohyby
miznuce pocas spanku.

e tazkosti s artikulaciou - nezrozumitelna re¢, mimovolné zvuky otravujlce okolie,
tazkosti s prehitanim, zabiehanie (riziko aspiraénej pneuménie) nadmerné
slinenie, potenie,

e neschopnost vykonavat zakladné pracovne ulohy (pisanie, zapinanie gombikov,
pacientovi padéa vSetko z ruk, ...), chddza pripomina opitého

e Strata samostatnosti, pohyblivosti, zakladné hygienické zasady.

e ochorenie konci smrtou.




Huntingtin v transporte

Microtubule p1500u¢  HAP1

e HTT, amyloid precursor protein (APP) a MAP-tau (microtubule-associated
protein). huntingtin-associated protein 1 (HAP1), dynactin

e Zavesny aparat (dynaktin,huntingtin,HAP1) pre neurotubularnu prepravu
vezikul v axonoch cestou molekularnych motorov — kinezinu alebo dyneinu.




Huntingtin v signalizacii

_| Intracelularna signalizacia

Viacnasobné IR

poskodenie 2

abnormalnym \%'_r

huntingtinom —
- blok transportu A /

- porucha transkripcie ﬂ% N

- Nnamerna apoptoza ? / Nrer kum

- akumulaty el S

o

PI3-K/Akt/SGK na huntingtin.

SURAWVAL FACTORS (1GF-1,

N
*"\@

\V7
‘o

 jedineCny adaptorovy protein typu signalinov — neméa sekve¢nd homologiu s inymi proteinmi
* interaguje s desiatkami proteinov, napr. huntingtin-associated protein 1 (HAPZ1), huntingtin

interacting protein 1 (HIP1),

* pri signalizacii ( PI3K-PKB cesta pri axonalnom transporte vezikul po mikrotubulach,
(interaguje s HIP1) transkrip€né regulacia - zvySuje expresiu génu pre BDNF (Brain Derived
Neurotrophic Factor) pri endocytoze, cytoskeletalne ukotvenie, transport mitochondria.

"% * Nevyhnuty je pocas embryogenézy v roznych tkanivach; u Cloveka najvySSie mnozstva v mozgu a

testes; Absencia u null-null mysi je letalna
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(2% Creutzfeldova-Jacobova ch.

( e Def: smrtelné neurodegenerastivne ochorenie zo skupiny prionz

' (najvyznamnejSie, najrozSirene;jSie,

e Ine prionové choroby Cloveka — Gerstmann-Straussler-Sheinkerov syndrom
(GSS), fatalna familiarna insomnia (FFI) Anglicko r. 1986 epidémia bovinne;
spongiformnej encefalopatie (BSE - nakaza pochadza: 1. z klusavky
oviec, alebo zo sporadického pripadu BSE

B e Formy:

=, m Sporadicka CJch (sCJch): (80-85%) pdvod nejasny

® |atrogénna CJch: (1-3%) : po lieGebnych zakrokoch (transplantacia
rohovky; 1985 po lie€eni rastovym hormonom (Francuzsko)(mimoriadne
dlha desiatky rokov trvajuca inkubacna doba u periférnej nakazy; po

_ transplantacii dura mater (Japonsko)

1 7 m Hereditarna forma: (10-15%) Specifické mutacie, polymorfizmy
ludskeho prionoveho genu (PRNP)

® Novy variant ochorenia (vCJch) 1996




® Hereditarna forma: (10-15%) Specifické mutacie, polymorfizmy
Pudského prionoveho génu (PRNP)
® kodon 200 (E200K) najCastejSia a najvyznamnejSia mutacia (na
Slovensku tvori az 75%) - pritomnost ,zdravych* nosiCov mutacie
E200K -> genetické testovanie darcov_rohoviek

w kodon 129 v normalnej populacii na oboch alelach Met, alebo Val
(homozygoti), Met -Met zvySuje predispoziciu k iatrogénnej nakaze; u
heterozygotov (Met-Val) mutacia Met 129 -> fatalna familiarna
iInsomnia, mutacia na alele s Val - familiarna forma CJch.

® Novy variant ochorenia (vCJch) objavena v 1996 pri zoonoze -
ochoreni Slialenych krav; mladsi vek postihnutych, dihsi klinicky
priebeh, vyraznejSie psychicke zmeny, pretrvavajlca bolest
oneskoreny vyvoj demencie




Creutzfeldova-Jacobova ch.

elabA:
BCT-> vylueniu cievnej, nadorovej, zapalove], demyelinizujuce))
etiologie;
®EEG nalez 0,5-2Hz generalizovanych, synchronizova-nych bi-
[trifazickych komplexov (80 % pac.)

®mMRI - vCJch je tzv. pulvinarovy priznak® a u sCJch napadny signal v
cauda nc. caudati a v putamen.

e Lab B:

mCSM: vySetrenie proteinu 14-3-3 v likvore - ,marker odumierania
neuronov” (Western blot) Specificita a senzitivita matody v rozpati od 78—
95% u sCJch. Falosna pozitivita u Alzheimerovej ch. a u niektorych
encefalitid herpes zoster

mpolymorfizmus na kodone 129.
e Histol: pritomnost’ prionu v bioptickom tkanive tonzil




Creutzfeldova-Jacobova

choroba

Prejavy:

1. V_prodromalnom Stadiu: poruchy spanku, neklud, Uzkost, neraz

aj halucinacie

2. V/Casne variabilné prejavy: ataxia, poruchy zraku, bulimia, ktora
napadne kontrastuje s postupnou kachektizaciou; svrbenie koze
bez povrchoveho néalezu, obdobne ako u klusavky

3. Hlavné priznaky: Rychle progredujica demencia (99,9%) a
myoklonus (80%) pyramidove a extrapyramidove priznaky,
niekedy centralna slepota, stupfiuje sa rigidita, pacient sa stava
neschopnym pohybu a je stale viac zavisly na okoli.

4, Terminalne prejavy:akineticky mutizmus, smrt nastava obvykle v
dosledku pridruzenej infekcie, Manifestna faza CJch netrva viac
ako 4,5-5 mesiacov, vynimocne dlhsSie ako rok




Brain shrinkage and
deterioration occurs rapidly

Brain section showing

spongiform pathology

, characteristic of
W= Creutzfeldt-Jakob

1)
-

https://es.m.wikipedia.org/wiki/Archivo:CJD spongiosis temporal lobe.j




Normal prion Diseased prion
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Prion replication and deposition ( Priola et al.,
2003 Science).
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Parkinsonova choroba (PCh)
(Paralysis agitans)

e Definicia: Progresivne neurodegenerativhe ochorenie s motorickymi,
vegetativnymi, kognitivnymi funkciami (poruchy pamate), zmenami
osobnosti a spravania (1817 popisal James Parkinson)

e Vyskyt: Muzi > Zeny; 50.- 60. rok Zivota, progreduje 10 - 20 r., postihuje ~
0.1-1% populacie v industr. krajinach ; 3. naj¢astejSie neurol. ochorenie;
priznaky len u 60% postihnutych; 2 naj¢astejSie NDCh

e Priéiny:

® Vrodené (familiarne) formy — v€asna familiarna forma PCh (AD- prenasana;
mutovany gén pre:

w Alfa - synuklein
® Kinaza boihata na leucinové motivy typu 2 (LRRK?2).

m Ziskané formy - Ekonomova encefalitida v 20. rokoch (infekéne ?)

® [ntoxikacia ? : Hg, Mn, Fe, Cu, MPTP (N-metyl-4-fenyl-1,2,3,6-
tetrahydropyridin) kontaminant v synt. heroine (1982 San Francisco)



Parkinsonova choroba

/o Patoldgia:

® degeneracia DA neuronov v parc
compacta sunstantia nigra a ventralnom
tegmente (sympt. evidentné po 80%
strate)

® degener. nucl. raphe (serotonin) & locus
coeruleus (NA)

® |ézie nucl. subthalamicus (nahly pokles
akinezie — bradykinézie, tremoru a
rigidity kontrolateralne)

Substantia nigra

Cut section
of the midbrain

where a portion i \

of the substantia r Q(’ 3

nigra is visible e Y
® /

Diminished substantia
nigra as seen in
Parkinson's disease

Lewyho teleiska v cytoplazme
pigmentovanych DA neurénov




Intoxikacie

e Parkinsonizmus po MPTP 1-metyl.4-fenyl-1,2,3,6 tetrahydropyridin

Systémové podanie -> prechod
bariérou -> premena na MPDP+
cestou MAO-B

Spontanna tvorba MPP+
vychytavanie do DA — neurdnov cez
DA- transport (DAT) -> Specificka
inhibicia mitochondr. komplexu |I.

Selektivna destrukcia DA neurénov 28 Wt
SN . MPP e .

e Poliekovy parkinsonismus

Neuroleptika

Modely: makak po MPTP ->
hypokinézia/bradykinésia, rigidita, .
tremor - 1ézie prakticky identické s PCh u ludi - zvySenie aktivity v pallidum
internum, disinhibicia n.ST, excesavna inhibicia pallidum exter., nadmerna
excitacia do pallidum inter./SNpr- nadmerna inhibicia thalamu; pokles
konrtikalnej iniciacie pohybu

- - B R N™
I ERRS Ml




Zmeny neurotransmisie

e Dopaminergny defekt

®m substantia nigra pars compacta - DA —
nigro-striatova cesta - striatum

®m ventralne tegmentum - DA - entorhinalna
kora, olfactory tuberc, g. cingulae, frontalny
cortex

e Noradrenergny defekt

® |ocus ceruleus - NA - miecha, cerebellum,
centralna siva hmota amygdala, substantia
innominata, thalamus, limbicka kéra

e Serotoninergny defekt

® Nn.raphe - miecha cerebellum, substantia
nigra, amygdala, striatum, kora

e Acetylcholinergny defekt

B substantia innominata — Ach -nucleus
basalis Meynerti

® |ntermediolateralny stipec - pregangliové
sympatikoveé viakna




Synuklein

alfa-synuklein (SNCA) — funkcia nejasna;
antioxidant ? MAP podobny tau; chaperon pri — —
formovani komplexov SNARE Uﬂﬂ ﬂﬁgaﬁﬂﬁm Jﬁnﬁmnﬂﬂﬁgﬂ
e 3 izoformy vznikajuce alternativnym Stiepenim;
hlavna forma 140 AK: iné 126 AK, 112 AK

e Hojny v istych ¢astiach mozgu (neocortex, e

Matively unfolded
X,
R

bulbus olfactorius, hipocampus, substantia
nigra, talamus, mozocek; najmé pocas
synaticke| prestavby

N

e V/ bunke hojne v jadre (?); vnat. Membr. MR ]
mitoch.), velmi hojne aj na presynapticke] — .. A
membr. ako solubilny ev. viazany na membranu o]
(15% SNCA v bunke) --> regulacia membr.
stability a obnovy lipidov; zabraruje oxidacii -
nenasytenych lipidov vo vezikulach ( 2013) — Potontal therapeutic opportunites |
e Mutacie u v€asnej familidinej Parkinsonove; "K‘ﬂh*b;‘ K;mkﬁ‘wmt'llﬁ' e

choroby, Alzheimerove] choroby, Ochorenia s

Lewyho telieskami _ 5 _
Zmena z alfa- helixu na beta-stuzku pri

gama—synukllem (SNCG,)- marker nadorove; postraslagnom spracovani
progresie u nadorov prsinka



Prejavy Parkinsonovej
choroby

® Motorické prejavy
®m Akinéza, hypokinéza, propulzie, retropulzie, porucha suhybov
HK, amimia, bradybazia
® Bradykinézia - mikrografia, monotonna rec

B Hypertonia - rigidita, fenomeén ozubeného kolesa, drzanie tela
— predklon, flexia ramien

®m Kludovy tras

® Okohybné poruchy, okulogyrne krizy, blefarospazmus,
oslabené dychanie

e Vegetativne priznaky
B Seborea - mastny obli¢aj, slinotok, potenie,
® Nedokrvenie hornych koncatin, konstipacia
e Psychickée zmeny
m Afektivna labilita, bradypsychia -> demencia




Sleep and
disturba

enteric nervous system

e VCasneé Stadia PCh = postihnutie dorzalne otorické jadro nX
— Pch zacina postihom vagovej Casti ANS Braak stages of
(Braak et al, 2003). depozity alfa synukleinu

e ‘gutto brain’ theory; alfa-synuklein v biopsiach z Creva
predtym ako u nich bola diagnostikovana PCh.

muscularis

Htps://scienceofparkinsons.com/2015/09/09/september-7-13th-2015/




Parkinsonova choroba /
Parkinsonizmus

e Parkinsonizmus
® Parkinsonova choroba (paralysis agitans)
— akinéza + jemny tras
® Postencefalicky parkinsonizmus
— vegetat.sy. + dystonia, pohladove ke, tras
® Medikamentozny parkinsonizmus
— tras (akinéza, rigor)
® Arterioskleroticky (+ idiopaticky) parkinsonizmus
— bradykinéza, najrychlejSia progresia,
® Post-traumaticky parkinsonizmus (punch-drunk)
® |ntoxikacny (vratane MPTP) — tras + torpidna akinéza, rigor
e Parkinsonizmus s demenciou (M. Guam)
— rigor, akinéza, demencia
e Parkinsonimus s Levyho telieskami - demencia




e Def: Kortikobazalna degeneracia je vzacne progresivne neur. Och. typicke
zanikom neuronov s mozogovou atrofiou roznych oblasti vr. mozgovej kory a
bazalnych gaglii.

e Nastup 60 — 70 r. Niektoré prejavy su podobné ako u Parkinsonovej choroby a
¢a sU len an jednej strane tela.

e Myoklonie, Akinézia, Bradykinézia, Dysartria, Dysfagia, Apraxia, dystonia
koncatin, sy. cudzej ruky (Alien limb syndrome)




Amyotroficka
lateralna
sklerdéza




(2% Amyotroficka lateralna skler6za
= (ALS) Lou Gehringova choroba

-

e Amyotroficka laterélna sklerdza (motoneuronalna choroba; motor
neurone disease (MND)

e Def: progresivne, fatélne, neurodegenerativne ochorenie mozgu,
spospbuje degeneraciu motoneuronov kmena a miechy s prajvmi
svalovej slabosti, atrofie, s paralyzou, pri zachovani menralnych funkcii

e \ly: prevalencia 6:100000, incidencia 2:100000; progresia individuéina;
doba ochor. priem. 2-5 rokov, 25 % pac. > 5 rokov, 8-16 % > 10 rokov, 5
% 20r.

e Etio: Stat. korelacia medzi ALS a pofnohospodarskymi pesticidmi

A. Sporadicka forma - najCastejSia, B. Familiarna 5-10 % C M. Guam (v
50.r. 20. stor.|

£9mmm o Ko: vzor odlidny od LMS; paralyza + svalova atrofia+ spasticita

1. V€asné prejavy: postupujuca svalova unavnost a slabost v stisku a pri
pohybe prstami na rukach, na nohach (dorziflexia), pri re¢i(mumlanie),
prehltania, dychania individuaini.



Amyotroficka lateralna skleroza
(ALS) Lou Gehringova choroba

2. Neskoré prejavy : poruchy Zuvania a prehitania (dysphagia), poruchy dychania
(dyspnea); nutna podpora; bilevel positive airway pressure (BiPAP) podpora pocas
noci neskor pocas dia; hrozba: aspiraéna pneumonia;

ccav 5% tiez frontotemporalna demencia

e VacSina zomiera na respiracneé zlyhanie alebo aspiraént pneumoniu do 3-5
rokov po nastupe symptomov; 4% > 10r..

e Stephen Hawking - 50 rokov s chorobou; je ojedinenela vec

e Multisystémova proteinopatia = zriedkavo ALS v komplexe s demenciou, degen.
svalovym ochor. + degen. cchorenia kosti,

e senzoricke funkcie zachovaneé: pocutie, vizus, dotyk, ¢uch a pod.



Table 1 | Genes associated with familial ALS

Chromosomal Gene

locus

Genetic subtype

Onset/
inheritance

Reference

Oxidative stress
| ALs1
RNA processing
ALS4
ALSE

21022 Superoxide dismutase 1 (SOD1)

9g34
16p11.2

Senataxin (SETX)

Fused In sarcoma (FUS)

ALSS 14q11.2

ALS10 1p36.2
Endosomal trafficking and cell signaling
ALS2 2q33

ALS11 6021

Anglogenin (ANG)
TAR DNA-binding protein (TARDBP)

Alsin (ALSZ2)

Polyphosphoinositide phosphatase
(FIG4)

Vies|cle-assoclated membrane
protein-associated protein B (VAPB)

ALSE 20013.3

ALS12 10p13 Optineurin {(OPTN)

Glutamate excitotoxicity

ND 12g24
Ublquitin/proteln degradation
ND 9pi3-plz
ALSX Xpil
Cytoskeleton
ALS—dement|z—PD

p-amino acid oxidase (DAO)

Valosincontaining protein (VCP)

Ubiquilin 2 (UBQLNZ2)

17021 Microtubule-assoclated proteln tau

(MAPT)
Other genes
ALSS
ALS-FTD

15015-021
9p13.3

Spatacsin (SPG11)
o Non-oplold receptor 1 (SIGMAR1)

ALS-FTD 9q21-q22 Chromosome 9 open reading frame 72

(COORFT2)

8 Unknown genes
= ALS3
ALST

18021
20ptel-p13

Unknown
Unknown

Adult/AD

Juvenile/AD
Adult/AD

Adult/AD
Adult/AD

Juvenile/ AR
Adult/AD

Adult/AD

Adult/AD
and AR

Adult/AD

Adult/AD
Adult/XJInked

Adult/AD

Juvenile/AR

Adult/AD
Juvenile/ AR

Adult/AD

Adult/AD
Adult/AD

Rosen (1993)27

Chen et al. (2004)15

Kwiatkowski ef al. (2009)%
Vance et al. (2009)1%2

Greenway et al. (2008)52
Sreadharan et al. (200882

Yang et al. (2001)192
Chow et al. (2009)we

Nishimura et al. (20042

Maruyama et al. (2010)%

Mitchell et al. (2010)™

Johnson et al. (2010)%=
Deng et al, (2011

Hutton et al. (1998)**

Orlacchio et al. (2010)8

Luty et al. (2010)%
Al-Saif et al. (2011)%®

Hosler et al, (2000)2*
Renton et al. (20111
De Jesus-Hernandez at al.
(2011)%7

Hand et al. (2002)'%+
Sapp et al. (2003)15=

Abbreviations: AD, autosomal dominant; ALS, amyotrophic lateral sclerosis; AR, autosomal recessive; FTD, frontotemporal dementia; PD, Parkinson disease.

Amyotroficka
lateralna
skleréza

(ALS)

Ferraiuolo, L. et al. (2011) Molecular
pathways of motor neuron injury in
amyotrophic lateral sclerosis

Nat. Rev. Neurol.
doi:10.1038/nrneurol.2011.152




Komplexné poskodenie
motoneurdnu u ALS
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Mitochondialne
poskodenie u ALS

Defekt (Pokles) aktivity Mt elektronového trasportu zapri¢ineny kumulatmi
oligomérov mSOD1 (redox potencial), porucha importu, sekvestracia
antiapoptotického Bcl-2.

Kumulacia kalcia: Strata EAAT2, zvySena expresia AMPA , narast intracel.
Ca2+ excitotoxicita; pokles produkcie ATP

Aberantna tvorba ROS ; preroxidacia lipidov mitoch. membrany ; iniciacia

apoptozy, uvofnenie Cyt c



Transcriptional regulation

= Mutant S0D1 is associated
with transcrptional répréssion
TDP-43 seli-regulates gane
expression and has many
other targets, including ACRV1
and APOAZ \
FUS acts as a transcriptional
actator in Gncogemnc fusions
and regulates NF-xB and SP1-1 A
SETX iz an RMA helicase and
component of nbonucleo
protemn complexes
ANG regulates ribosomal RNA

transcription

.\‘.
-

)~

Mucleus-cytoplasm shuttling
TDP-43 and FUS are found primarily
in the nucleus but ane also present

in the cytoplasm

" '-_\-.I- j.- ‘_ff' .‘_{f j? "I"' DN.\'.IL ,".
AN\ haRNAL

Stress franules
TRP-43 and FUS arée found n
CYlOpasmiIc stress grantiles

Alternative splicing
[DP-43 18 known 10 reguiate the
splicing of multiple transcripls,

.. CFTR and SKN

i -
N

i mMAENA transport
TDP-43 binds to and stabilizes NFL
mRNA, allowing spatiotempora
transiation of mMENA targets

Fj

V/\/\ A

o—
FOTE —— ..-'
S

El

MicroRNA processing
TDP-43 -and FUS are found in
complex with Drosha, implicating

a role in microRNA processing
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