Patofyziologie nervového systému ll:
Poruchy motorického systému — ¢ast 2

Role bazdlnich ganglii a mozecku (extrapyramidovy systém) v kontrole pohybu
Nemoci/léze bazalnich ganglii (v¢. Parkinsonovy a Huntingtonovy nemoci jako prikladi)

Nemoci/léze mozecku
Nervosvalova ploténka a jeji poruchy (myasthenické syndromy)

Svalové poruchy (muskuldrni dystrofie)
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Funkéni segregace a hierarchicka organizace motoriky

* |adnost a jednoduchost (fyziologického) pohybu

clovéeka je fascinujici a je mozna diky spolupraci DESCENDING SYSTEMS
, ° . v v s . . Upper Motor Neurons
mnoha systému, z nichz ¢ast funguje automaticky
bez volni kontroly Motor Cortex BASAL GANGLIA
v Planning, initiating, and Gating proper initiation
° (1) funkcru Segregace directing voluntary movements of movement

* motoricky nervovy systém je tvoren resp. zahrnuje ,
spolupraci mnoha riiznych oblasti NS, které kontroluji e i
rdzné parametry motoriky (“rozdél a panuj” strategie) postural control Coomation
* pochopeni jejich funkéni role je zasadni pro pochopeni
projevl poruch motoriky

® (2) hierarchicka organizace

* nadrazena centra maji vzdy globalnéjsi a komplexnéjsi
funkci (napr. voI[n' rozhodnuti, vybéer nejvhodnéjsi Localcircuhi;neumm Motor neuron pools
sekvence pohybl vzhledem k cili/zaméru) a l""";n’,'e‘;mﬁ';f:‘"’” Lower motor neurons
koordinace konéetin a kloub() neZ nize fazena final
* zajittuji,go” signal SPINAL CORD AND common
) , . , L, , BRAINSTEM CIRCUITS pathway
* nemusi se zabyvat aktivitou jednotlivych svald,
koordinaci pohybU svall dané koncetiny a zménami . OV .
polohy a rovnovéahy Sensory/ fnputs SKELETAL MUSCLES
* tento mikro-management pohybu zajistuji nizsi Urovné - =
kontroly (mozkovy kmen a spinalni micha — reflexy) MUNI
MED



Poruchy pohybu a svalového tonu

* paralyza/obrna (DMN vs. HMN vs. smiSené)

e porucha volni motoriky v¢. poruch sval. tonu
* spasticita nebo ochablost

* extrapyramidove syndromy (bazalni ganglia (BG)

* porucha primérenosti pohybu, koordinace a posturalni
motoriky v¢. rigidity ¢i abnormalnich pohybu

* poruchy mozecku (cerebellum)
* ataxie aj.

* poruchy neuromuskularniho spojeni (nervosvalové
ploténky)

* myasthenické syndromy
* poruchy svalu
* muskularni atrofie
e muskularni dystrofie
* abnormalni elektricka aktivita mozku zahrnujici -
motoricky systém
* nékteré typy epilepsii
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Anatomie a fyziologie NS v kontextu tématu

* periferni nervovy systém
* spinalni a kranialni nervy
* centrdlni nervovy systém

* micha

* pfijima a zpracovava sensorické informace z kliZe, kloub( a
svalll (zadni rohy)

| ’ * prevadi motorické pfikazy pro svaly na prfedni rohy (spinalni
nglia reflexy)
* mozek

* mozkovy kmen
* prodlouZzena micha (medulla oblongata)
* traveni, dychani, srdecni rytmus
* most (pons)
* prevadiinformace o pohybu mezi mozkem a mozeckém
* stf. mozek (mesencefalon)

*  kontroluje celou rfadu sensorickych a motorickych funkci, napf.
pohyby oci, a koordinuje visualni a akustické reflexy

* retikuldrniformace
*  probiha podél celého kmene a soustreduje veskerou pfichozi
informaci
* mozecek (cerebellum)
* kontroluje silu a orientaci pohybu, Ucastni se procesu motorického uceni

* predni mozek (telencefalon)
¢ diencephalon
* thalamus — zpracovava vétsinu prichozi (sensorické) informace
* hypothalamus — reguluje autonomni systém, kontroluje endokrin.
Zlazy (chronobiologie)
* telencephalon
* hemisféry - mozkova kira (primarni kortexy, asociace, pamét,

uceni, intelekt, ...)
*  bazalni ganglia M U N I

MED

(b) Organization of the adult human brain (¢) Adult brain

>Telencephalon > Basal ga
Limbic system

Forébrain

> Diencephalon

Hypothalamus

Central nervous system

Myelencephalon

Spinal cord

Divisions of the nervous system

Peripheral
nervous system

© 2001 Sinauer Associates, Inc.



Anatomie BG mela by se spravné nazyvat jadra) d thalamu

Basal ganglia

basal b
ganglia : ~
. “’
AR I\
»/..‘ z~ ‘ N \ A Fi
4 R b !
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thalamus

-

halamus

Hypothalamus



CéSti BG (méla by se spravneé nazyvat jadra)

M = Basal ganglia
W = Related structures

/ / KJN Caudate nucleus
/\/L’ } Globus pallidus
<

Putamen
Thalamus
. | Subthalamic
[ nucleus
Amygdala
Nucleus
accumbens

O\ Substantia nigra
N\ Ventral tegmental area

MUNI
MED

Olfactory tubercle y/antral pallidum




* predni mozek
* telencephalon

7 ® striatum
A Nucleus * putamen

- Thalamus ° = Alni i
Putamen ‘ n. accumbens = ventralni striatum input” nuclei
. ’ / * pallidum youtput” nuclei

» globus pallidus - interni segment (GPi)
[ G r::l::us

ubtha1am|n . ,

S Nucleus PE”IdUE * globus pallidus - externi segment (Gpe) | intrinsic” nuclei

ubstantia HJf‘ﬂ yalgmug * diencephalon

* n.subthalamicus N cerebral aqueduct
P * stf,mozek = mesencephalon
/ﬁﬁﬂ%ﬂnglla n fﬁlnn&phalnnf e substantia nigra g
“ﬁ“ H'grﬁhm ﬂ H'gmbmad d". * pars compacta
‘ ‘ ‘?/av .') crus cerebn
fa"\?"; { _.}_ }w k{ , * pars reticularis O aotor arve
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Jak jsou BG integrovana do kontroly pohybu — k éemu je potfebujeme?

dokazeme s nasimi koncetinami a trupem a rovnéz
mimickymi svaly provadét obrovské spektrum pohyb( a urcity
,motoricky plan“ muUze byt tudiz realizovan vicero zpUsoby

* nicméné v dané situaci je vzhledem k zaméru (a taky diky

zkusenosti, kontextu — napr. emoce, stres aj.) je zpravidla jeden
z nich optimalni

e vybirame tento nejlepsi z vicero prave za pomoci BG
Jak dostéavaji BG informaci o zamyslenim/planovaném
pohybu?

* diky Sirokému systému propojeni z mozkovou ktirou
Jak vystupy z BG ovliviuji pohyb?

e cestou motorického thalamu

* BG generuji tonickou inhibicni kontrolu nad motorickym thalamem

* toto drzi nase pohyby ,na uzdé“

* docasné odstranéni/zruseni inhibice thalamu umoznuje provést optimalni
pohyb a ne celou fadu nepatti¢nych, nechténych a kompetitivnich pohyb(

Proto BG operuji ve smycce mozkova ktira — BG (a
mnohocetna propojeni mezi nimi) > thalamus > mozkova
kdra

e soucasti kontroly jsou i vystupy z mozkového kmene

Premotor and :
supplemental  Primary motor
Prefrontal Somatosensory

//"

Ventroanterior and
ventrolateral
nuclei of thalamus

Subthalamus <

Substantia nigra

Caudate
\4 / Putamen

Globus pallidus
internal/external

= =
m e
O =



Funkce BG - stile mnoho hypotéz k overeni

* (A) kontrola motorickych funkci

* volni pohyby nejsou iniciovany BG (to je zalezitost
kortexu); ale spravna funkce BG je nezbytna pro
prenos informace k nizsim centriim kontroly
motoriky

* BG se ucastni kontroly kortikalni aktivity

* selekce z naucenych a stereotypickych pohyb( (motorickych
programu)

* koordinace, presnost, primérenost a hladkost pohybl

* BG ovliviuji a moduluji aktivitu motorického kortexu
a sestupnych motorickych drah zptisobem, ktery
urcuje klinicky projev v pripadé jejich poskozeni

* poruchy BG se manifestuji motorickymi abnormalitami,
ne paralyzou!
* tres
* nechténé pohyby ¢i nedokonalé provedeni chténych pohybu

Amygdala

zmény svalového tonu (hypertonicita nebo hypotonicita)

neprimérenad rychlost a rozsah pohyb (pfilis pomalé nebo
rychlé)

* BG jsou masivné napojena na kortikalni struktury a
mozkovy kmen
* drahyviz dale



BG zpracovavaji nékolik paralelnich kortiko-BG-thalamo-
kortikalnich okruht (CBGTC loops)

MNOMN-MOTOR LOOPS

Body movement loop

MOTOR LOOPS

Oculomotoer loop

Frontal eye field,

supplementary
eye field

Corbdeal iI'IFI.It

Stratum

Motor, premotor,

SOMa DS NS0ry
cartex

\ . s
Cavudate
Globus pallidus,

Lateral .

g;ldrl.u pall:.d.t:‘,t batantia nigra

e pars reticulata

and ventral and ventral

mparison of molor and non-motor basal ganglia loops.

Prefrontal loop

Limbic loop

Anterior cingulate,

orbitofrontal
coriex

Dale Purves et al. (eds.) — Neuroscience 6th e (2018)

* klinicka relevance pro

poruchy motoriky

* hyperkinetické

* jako napr. Huntingtonova
nemoc

* hypokinetické poruchy

* jako napr. Parkinsonova
nemoc

mentalni a emocni poruchy

* kontroly

* jako napr. attention deficit
hyperactivity disorder
(ADHD)

* obsesivné—kompulsivni
porucha (OCD)

* Tourettlv syndrom
zavislosti
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Funkce BG — stale mnoho hypotéz k ovéreni

Frontal section

Cortex

Striatum

Motor circuit

Associative circuit

Limbic circuit

(B) kognitivni funkce

mnoho spojeni pres BG ma plivod v
prefrontalnim asociacnim a
limbickém kortexu

tyto smycky prochazi posteriorni,
anteriorni a ventralni striatum a tvori
anatomicke ohranicené spoje

BG jsou evidentné zavzata do dalSich
procesll nez jen selekce motorickych
programu — napf. selekce
kognitivnich, exekutivnich nebo
emocnich programu, které jsou
ulozeny v kortikalnich oblastech

BG jsou zfejmé rovnéz ucastny
procesu uceni (alespon nékterych
typd)

BG zdsadné participuji na vyberu
ofpovédi generujici maximalni
,odménu“ (reward)

propojeni s hipokampem, amygdalou
aj.
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Okruhy BG kontrolujici pohyb téla

MOTOR LOOPS
Body movement loop Oculomotor loop
Frontal eye field,
supplementary eye field
Frontal Cortical Cortical
cortex targets targets
® -
23
c.5
v
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NEUROSCIENCE, Fourth Edition, Box 18D (Part 1) ©2008 Sinuee Associstes, Ic.

BG selektuji a moduluji motorické programy

ul

ozené v motorickém kortexu

BG a motoricky kortex tvori operacni klicku v
niz BG potencuji realizaci vhodného
motorického programu tzv. prfimou drahou a
inhibuji protichldné (antagonistické)
programy tzv. neprimou drahou

Competing
motor
programs

l — g Desired

Direct + 4
:::;roprlate ~ pathway Indirect
h
program P

To QL via thalamus
motor
neurons
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BG maji somatotopickou organizaci podobnou motorickému

kortexu



Thalamus

* ovoidni, paiovy utvar Sedé hmoty
lokalizovany v centru mozku nad
mozkovym kmenem

* kazda strana thalamu obsahuje Sest skupin
jader
* anteriorni nuclei
* lateralni nuclei
*  medialni nuclei
* intralamindarni nuclei
* paraventrikularni (stfredové) nuclei
* retikuldrni nucleus
* thalamické jadra prevadi a moduluji
informaci prichazejici z periferie k
mozkové klife

* témér vSechny ascendentni drahy se
prepojuji (maji synapse) v thalamickych
jadrech

* informace je zde tfidéna, integrovana a
analyzovana pred jejim posunem do
mozkové klry

* tato funkce Cini z thalamu tzv. brany
(“gateway”) k mozkové kiife pro limbickeé,
motorické a vSechny sensorické modality
krom Cichu (tj. v¢. zraku, sluchu, chuti a
somatické percepce)

TO prefrontal
cortox
Internal
medullary
lamin
Cerebellum Intralaminar o
nuclei
Anterior
Mediodorsal N/ nuclei
Internal Nucieus 13 N
medullary N
lamina \ |
TO auditory \
cortex
\ Pulvinar
Medial - oy
Geniculate g
Body Contrum
Lasoeal Sedistam TO motor
Geniculate corticas
Body
1) sOMalosenst ’,v
7O visual
cortox TO postenor
associaton cortox
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Anterior nuclear grou . - .
gretp Midline thalamic nuclei

Medial nuclear group
(mediodorsal nucleus)

Intralaminar nuclei

Ventral anterior
nucleus

Internal medullary lamina

Lateral dorsal
nucleus

Pulvinar

Ventral lateral
nucleus

Medial geniculate nucleus

Lateral posterior

nucleus Ventral posterior medial

Lateral geniculate nucleus
nucleus

Ventral posterior lateral
nucleus
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Thalamus — ,,motoricka“— jadra v rizeni pohybu

Anterior nuclear grou . - .
gretp Midline thalamic nuclei

Medial nuclear group
(mediodorsal nucleus)

Intralaminar nuclei

Ventral anterior
nucleus

Internal medullary lamina

Lateral dorsal
nucleus

Pulvinar

Ventral lateral
nucleus

_ Medial geniculate nucleus
Lateral posterior

nucleus Ventral posterior medial

Lateral geniculate nucleus
nucleus

Ventral posterior lateral
nucleus
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Shrnuti (Urovneé 5-6): Kontrola volnich pohybt

Plan Execute
Basal ganglia

I

I
/N )

|

Cortical Thalamus \ :

I[dea — > association » Premotor and > Miovement
areas motor cortex ( >

|
|
Lateral : \
cerebellum : Intermediate
|
|
|

cerebellum €

* Pokyny pro volni pohyby vznikaji v kortikalnich asociacnich oblastech
* Mozkova klra, bazalni ganglia a cerebellum spolupracuji na vybéru a planovani nejlepsi motorické sekvence

* Vlastni pohyb je iniciovan primarnim motorickym kortexem a prikazy vedeny cestou kortikospinalni (Ci
kortikobulbarni) drahy ke spinalnim motoneuronlim

* Mozecek poskytuje zpétnou vazbu a zajistuje Upravu pohyb(
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Prima draha pres BG a disinhibice thalamu

(A) Direct pathway

- GPi ma tonicky (permanentni) inhibicni efekt
na thalamus a tudiz i cerebralni kortex
- mame-li se hybat, je tfeba prechodné
zrusit tuto inhibici
- pozitivni zpétna vazba
- 2. a 3. neuron/synaptické spojeni jsou
inhibic¢ni, tudiZ inhibice inhibice (=
disinhibice) zpUsobuje excitaci

Excitatory

Transient
inpuls to C

excilatory

inputs from ~
‘ cortex to A ’

o

.,\ ;

Globus pallidus \ ,,_.f', Motor cortex
\ 4
\
W, ’_.‘
(+) M (+]
B ) \D,
e 7 o
/ VA/VL complex
/ \ of thalamus
I a
To lower motor
neurons
When A is so there is no
atrest... excitation of D
A at rest
A excited _}H.H{_ _HHH_
When A is leading to
transientl excitation of )
Striatum Globus pallidus VA/VL complex Upper motor

of thalamus neuron in cortex
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ma (—) draha pres BG

_\

Pfima (+) vs. nepr

(B) Indirect and direct pathways

Indirect
pathway

(A) Direct pathway

e msssmsssssm e ...

©  (transient)

- GPi ma tonicky (permanentni) inhibicni efekt
na thalamus a tudiz i cerebralni kortex
- mame-li se hybat, je tfeba prechodné
zrusit tuto inhibici
- pozitivni zpétna vazba
- 2. a 3. neuron/synaptické spojeni jsou
inhibi¢ni, tudiZ inhibice inhibice (=
disinhibice) zpUsobuje excitaci

- zesileni tonického inhibicniho efektu GPi na thalamus a tedy i cerebralni
kortex
- negativni zpétna vazba
- subthalamické jadro dostava inhibi¢ni stimuly z GPe a navic jako jedno z
mala BG realizuje n. subthalamicus excitacni (glutamat) vliv na GPi
Munt

MED



Kriticka role dopaminu na aktivitu BG

Indirect Pathway

Cortex
[
Glu + ! Glu+
p Striatum
Substant DA -
UN§ antia L 22| (caudate + Putamen)
igra + ACh ACh
Y A
“GABA :
GPe ,
GABA -\ I
[
S 1 GABA -
Glu +
GPi/SNr
[
GABA -\ 1GABA -
Thalamus
[
Glu +\ I Glu +A
Cortex

© Lineage

Direct Pathway

Substantia
Nigra

Moises Dominguez

Pfima a neprima draha skrze BG maji viceméné opacny vysledny efekt na
thalamicka motoricka centra
* jakto Ze se tedy vibec dokdaZzeme pohnout?
* normalni funkce BG zjevné vyZaduje dlislednou rovnovahu mezi aktivitou pfimé a
neprimé drahy
prima draha
* the net effect is the cortex exciting (positive feedback loop)
* direct pathway striatal neurons have D1 dopamine receptors, which depolarize
the cell in response to dopamine
neprima draha
* the net effect is to inhibit the cortex (negative feedback loop)
* indirect pathway striatal neurons have D2 dopamine receptors, which
hyperpolarize the cell in response to dopamine
nigrostriatal projection from the substantia nigra pars compacta to the
striatum is an important pathway in the modulation of the direct and
indirect pathways via dopamine

* it amplifies the effect of direct and deepens the inhibition of indirect pathway on
cortex
M see

Dopamine Dopamine
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BG maji somatotopickou organizaci podobné jako motoricky kortex
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Role rtznych ¢asti BG v kontrole pohybu

* vstup — striatum (hl. vstupni brana BG)

Corpus callosum

e

\ . Caudate nucleus

Lateral ventricle

Internal capsule

Internal capsule
Claustrum

Putamen °

Insula

Hypothalamus
Globus pallidus

Optic tract

Amygdaloid nuclei

NC dostava informace/pokyny z pre-
frontalniho kortexu a vizualnich oblasti =
pohyb oci (,,okulomotoricka smycka®) a
kognitivni schopnosti

PU dostava projekce z motorické a senzorické
kiry = kontrola pohybu téla (,motoricka
smycka“)

n. accumbens (nezobrazeno na pricném rezu)
dostava projekce z ventro-medialni casti
mozku zpracovavajici emoce = modulace
afektu

* vystup — pallidum (GPi) a SNr

ascendentni — thalamus
* modulace aferentnich informaci do klry

descendentni — str. mozek a kmen

=5
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Vstupy do BG a vnitrni spojeni

* existuji dva hlavni vstupy
do BG koncici ve striatu

* (1) zmnoha mist

mozkového kortexu Direct pathway
(kortikostriatalni drahy)

* excitatorni — glutamat

® zintralaminarnich jader (+)
thalamu
(thalamostriatalni
draha)

(2) ze substantia nigra
pars compacta
(nigrostriatalni draha
* excitatorni—
dopaminergni

* vC¢. dopaminergniho
spojeni z ventralni
tegmentdlni oblasti k n.
accumbens v, limbické
smycce”

Cerebrum

(transient) © (transient)

(transient)

NEUROSCIENCE, Third Edition, Figure 17.8 (Part 1) © 2004 Sinauer Associates, Inc

M
ME

Dale Purves et al. (eds.) — Neuroscience 6th e (2018)
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Vystupy z BG a vnitfni spojeni

(A)

* Striatum komunikuje pomoci inhibi¢nich| GABAergnich|spojeni
e se substantia nigra pars reticulata
* sGPi
* ataké GPe —viz dale
* Dva hlavni vystupy z BG (oba inhibi¢ni GABAergni)|projikuji
* 2z GPido thalamu
e Caudate * k mnoha thalamickym strukturam cestou dvou svazku:

Frontal

* ansa lenticularis a fasciculus lenticularis
VA/VL thalamic * ze substantia nigra pars reticularis do colliculus superior zapojeného v
i kontrole pohyb( oci a také k VA/VL thalamickym jadrim
(Ep [ ]
Frontal cortex
Subthalamic ¥/
nucfcus [ Caudate and putamien ] ® ﬁ
VA VL com
Putamen # Superior [ M ]
colliculus
Jobus pallidus! Clebus
f'x“t curna lpsclg:‘.c nt pallidus |if

W~ Substantia
nigra pars

Substantia nigra

S Superior
pars reticulata compacia colliculus

L —
Dale Purves et al. (eds.) — Neuroscience 6th e (2018)
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Aferentni a eferentni spoje mozkové kury

* eferentni spojeni o\ COFTEX
* primo k alfa motoneurondm michy cestou
kortikospinalni drahy

e kortikorubralni, kortikotektalni a
kortikoretikularni trakty modulujici prisl.
descendnenti drahy (rubrospinalni,
tektospinalni a retikulospinalni trakty)

* kortikostriatalni trakt k n. caudatus a
putamen striata bazalnich ganglii

* kortikopontinni trakt a kortiko-olivarni trakt k

Integrated signal:
- Motor programme
- Movement parameters

cere bEI I u Integrated signal: Integrated signal:
. o , , v, , - Motivation - Proprioception
* kortikokortikalni drahy k dalsim mozkovym -Action selection /' I -Temporal pattem
- Habits / - Error signaling
oblastem
* aferentni drahy
&4 . . ¥ v Baansallia Cerebe"um
* neprimo cestou kortikothalamickych drah (vc. 9ang
tSch z mozecku a bazalnich ganglii) ™ Sen?ory
Dopamine spinal cord
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PORUCHY EXTRAPYRAMIDOVEHO MOTORICKEHO
SYSTEMU
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Poruchy extrapyramidového systému / BG

* (1) hypo-/akineticko-hypertonicky/rigidni syndrom
* hyperfunkce inhibi¢nich okruht BG (GABA-ergnich, zejm.
striata) — inhibice kortikalnich motorickych funkci
* pomaly zacatek pohybu
®* omezeny rozsah asila
¢* tremor
* svalovy hypertonus typu rigidity (fenomén “ozubeného kola”)

e Parkinsonova choroba (® substantia nigra)
* Wilsonova choroba (® putamen)

* (2) hyper-/dyskineticko-hypotonicky syndrom
* excesivni, nechténa motoricka aktivita pri poruse inhibi¢niho
plUsobeni BG
* chorea (® striatum) - hypotonie
balismus (® n. subthalamicus) - hypotonie
athetosis (® striatum a gl. pallidus)

dystonie (® putamen, gl. pallidus a talamus)
L-DOPA indukované dyskinesie

Table 20.15

Changes in the major neurotransmitter profile in
Parkinson’s and Huntington’s diseases

Condition Site

Neurotransmitter

Parkinson's Putamen

disease

Substantia nigra

Cerebral cortex

Huntington's Corpus striatum

disease

Dopamine 4 90%
Norepinephrine

(noradrenaline) L 60%
5HT | 60%

Dopamine 1 90%
GAD + GABA Ll

GAD + GABA Ll

Acetylcholine 41
GABA Ll
Dopamine: normal
GAD + GABA Ll

GABA, y-amino butyric acid; GAD, glutamic acid decarboxylase, the
enzyme responsible for synthesizing GABA; 5-HT, 5-hydroxytryptamine

© Elsevier Science Ltd
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Substantia nigra

Parkinsonova choroba

* degenerativni postiZzeni/destrukce bunék SNc produkujicich
dopamin

Cut section

of the midbrain
_ where a portion
~ of the substantia
nigra is visible

* progresivni destrukce nigrostriatalni drahy s nasl. redukci & ‘;‘“";{.. $ Diminished substantia
dostupnosti dopaminu ve striatu a jeho nadmérné GABA-ergni NI Dartineon's dlcante

(inhibic¢ni) aktivité
®  ptiznaky pfi 70-85% destrukci
* typicky po 50. roku véku, vzacné i ¢asnéji
* etiologie
* idiopaticka — degenerace bb. substantia nigra
* cévni onemocnéni mozku - ischemie
* toxické (napr. po otravé CO)
* casny nastup — genetické priciny
* mutace v genech pro a-synuclein, parkin, DJ-1 aj.
* symptomy
*  klidovy tremor
* rigidita
* bradykineze (pomalé pohyby a jejich zacatek)
*  ztrata posturdlnich reflext (pady)
* poruchy feci a polykani
e ztrata mimiky
*  psychické poruchy (deprese) a demence (~20% pacientt)
* pravdépodobné chybéni dopaminu i v kire a limbickém systému
* vegetativni dysbalance (poceni, salivace, prijem)

* terapie — podpora dopaminergniho systému




Etiopatogeneze PD

* familiarni formy — geny — naznacuji moznou
etiopatogenezi

* (1) porucha homeostazy proteinu v bunce

* dysfunkce systému ubiquitin-proteasom (parkin =
ubiquiting E3 ligaza)

* misfolding proteinu a jejich agregace (o-synuclein —
Lewyho téliska)
e (2) mitochondridlni dysfunkce (PINK-1, LRRK2)
* porucha komplexu 1

* experimentalné pomoci MPTP (1-methyl-4-phenyl-
1,2,3,6-tetrahydropyridine)

* oxidacni stres (DJ-1 — antioxidacni enzym)
* (4) ucast dopaminergniho metabolismu
* tvorba ROS
e (5) dalsi
* homeostaza zeleza
* kalciovy metabolismus

CHROMOSOME ' INHERITANCE
LOCUS LOCATION GENE ‘ PATTERN
PARK1/PARK4 | 4q21-q23 alpha-synuclein | AD
PARK2 6q25.2-q27 parkin AR
PARK3 2p13 unknown AD
PARKS 4p14 UCH-L1 AD
'PARK6 1p35-p36 PINK1 AR
PARK7 1p36 DJ-1 AR
PARKS 12p11.2-q13.1 LRRK2 AD
PARK10 1p32 ~ unknown  unclear
PARK11 2q36-2q37 GIGYF2 unclear
unknown 5q23.1-q23.3 Synphilin-1 AD
unknown 2q22-q23 NR4A2 AD
PATHWAYS OF PARKINSON'S DISEASE
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Parkinson’s disease - etiology

* Parkinson's disease (PD) is characterised by selective and severe
degeneration of the substantia nigra pars compacta and the locus
N Alpha coeruleus (LC), which underlies the most prominent symptoms

/"“_— synuclein "\ * An a-synuclein deposition at synaptic sites can impair synaptic
= dopamine release and induces the death of nigrostriatal neurons
Although a-synuclein accumulation has long been established to

Alpha-synuclein °
oligomers Adduct play a causal role in the disease, it alone cannot explain the
formation selective degenerative pattern

* Recent evidence shows that the selective vulnerability could arise
due to the large presence of cytosolic catecholamines and Ca2+
ions in the substantia nigra pars compacta and LC specifically that
can be aberrantly affected by a-synuclein accumulation

* Moreover, each has its own toxic potential, and disturbance of one
can exacerbate the toxic effects of the others

* This presents a mechanism unique to these areas that can lead to a
vicious degenerative cycle

Cytosolic * Interestingly, in familial variants of PD, the exact same brain areas
dopamine are affected, implying the underlying process is likely the same
accumulation * however, the exact disease mechanisms of many of these genetic
variants remain unclear. Here, we review the effects of the PD-related

ROS genes Parkin, PINK1 and DJ-1.
formation

\

Cellular Ca** Dopamine
accumulation quinones
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Monomeric, oligomeric, and fibrillary a-synuclein at
the synaptic terminal

Monomers
/ )
/
4
/ \
-
/ vV
v
Modulatsom of
MVE ‘1« synaptic vesscles
< - A o
v Y v - &
Y -
rocase
~ — & /.

~
1
%

&

*
o

Francesca Longhena, Gaia Faustini, Cristina Missale, Marina Pizzi, PierFranco Spano, Arianna Bellucci, "The Contribution of a-Synuclein Spreading to
Parkinson’s Disease Synaptopathy", Neural Plasticity, vol. 2017, Article ID 5012129, 15 pages, 2017. https://doi.org/10.1155/2017/5012129
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(a) Monomeric a-synuclein modulates synaptic function
by controlling synaptic vesicle release. This form of the
protein can be released in association with exosomes,
activates microglial cells, and can be internalized at
postsynaptic sites.

(b) Oligomeric a-synuclein formation is enhanced by
interaction of monomeric protein with DA. Alpha-
synuclein oligomers can form a stable adduct with the
toxic dopamine metabolite DOPAL. Oligomers can be
released in association with extracellular vesicles and
then activate microglia. Alpha-synuclein oligomers can
disrupt synaptic vesicles membranes as well as
presynaptic and postsynaptic membranes. Exogenous a-
synuclein oligomers can damage lipid rafts and affect
LTP by activating NMDA receptors. Intracellular a-
synuclein oligomers with endogenous or exogenous
origin impair mitochondrial functions and cytoskeletal
architecture.

(c) Fibrillary-aggregated a-synuclein alters synaptic
vesicle release by clustering synaptic vesicles and by
perforating plasma membrane. Extracellular fibrils
deriving from degenerating neurons in the PD brain can
activate microglial cells and actively contribute to alpha-
synuclein pathology spreading. The formation of
endogenous a-synuclein fibrils can reduce seeding
activity and toxicity although exogenous a-synuclein
fibrils function as a seed for the aggregation of
endogenous a-synuclein in recipient cells.
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Neurodegeneration pathways in Parkinson's disease

° The discovery of Mendelian inherited genes has enhanced our understanding of the pathways
that mediate neurodegeneration in Parkinson's disease.

The ubiquitin pathway

The mitochondrial pathway

a-synuclein Proteins
A20P Caspase activation
AS3T | Depamine Dopamine
infdn| ROS ROS
<AIP,
E46K | Toxin? Toxin? | VATP/LUPS BAGS
‘ Oxidized Cytochrome ¢
‘ 06 mitochondrial
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° One main pathway of cell toxicity arises through a-synuclein, protein misfolding and
aggregation.

These proteins are ubiquitinated and initially degraded by the ubiquitin—proteasome system
(UPS), in which parkin has a crucial role. However, there is accumulation and failure of clearance
by the UPS over time, which leads to the formation of fibrillar aggregates and Lewy bodies.
Synuclein protofibrils can also be directly toxic, leading to the formation of oxidative stress that
can further impair the UPS by reducing ATP levels, inhibiting the proteasome, and by oxidatively
modifying parkin. This leads to accelerated accumulation of aggregates. Phosphorylation of a-
synuclein-containing or tau-containing aggregates might have a role in their pathogenicity and
formation, but it is not known whether leucine-rich repeat kinase 2 (LRRK2) mediates this.

° Another main pathway is the mitochondrial pathway.

There is accumulating evidence for impaired oxidative phosphorylation and decreased complex |
activity in Parkinson's disease, which leads to reactive oxygen species (ROS) formation and
oxidative stress. In parallel, there is loss of the mitochondrial membrane potential. This leads to
opening of the mitochondrial permeability transition pore (mPTP), release of cytochrome c from
the intermembrane space to the cytosol, and activation of mitochondrial-dependent apoptosis
resulting in caspase activation and cell death. There is evidence that recessive-inherited genes,
such as phosphatase and tensin homologue (PTEN)-induced kinase 1 (PINK1), Parkinson's disease
(autosomal recessive, early onset) 7 (DJ1) and HtrA serine peptidase 2 (HTRA2, also known as
OMI), might all have neuroprotective effects against the development of mitochondrial
dysfunction, although the exact site of their action remains unknown. Parkin has also been
shown to inhibit the release of cytochrome c following ceramide-induced stress, and is itself
modified by the interacting protein BCL2-associated athanogene 5 (BAG5).

° Dysfunction of both pathways leads to oxidative stress, which causes further dysfunction of
these pathways by feedback and feedforward mechanisms, ultimately leading to irreversible
cellular damage and death.

I-IV, mitochondial electron transport chain complexes I-1V; -syn(PO,),, phospho--synuclein;
A30P, alanine to proline substitution at -synuclein amino acid residue 30; A53T, alanine to
threonine subsitution at -synuclein residue 53; E,, ubiquitin activating enzyme; E,, ubiquitin
conjugating enzyme; E46K, glutamic acid to lysine substitution at -synuclein residue 46; NO,
nitric oxide; 3n/4n, 3 or 4 copies of a-synuclein; Tau(PO)),, Tau (PO,),, phospho-Tau; UCHL1,
ubiquitin carboxyl-terminal esterase L1.



Patofyziologie Parkinsonovy nemoci — prevaha neptimé drahy
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Parkinson’s disease - symptoms

10 years *  resting tremor
. characteristically disappears with purposeful movement but is evident when the extremities are motionless
Preclinical PD ° often unilateral
e Olfactory loss . slow turning motion (pronation—supination) of the forearm and the hand and a motion of the thumb against the
e REM Behavior Disorder (RBD) fingers as if rolling a pill
» Constipation * rigidity
e Anxiety . passive movement of an extremity may cause the limb to move in jerky increments referred to as cogwheeling
* Depression . increases when another extremity is engaged in voluntary active movement
* Impaired colour vision *  bradykinesia (slow movements)
. take longer to complete most activities and have difficulty initiating movement, such as rising from a sitting position or
» Onset motor symptoms turning in bed
2 years . freezing phenomenon

. shuffling gait with decreased arm swings
Early Treated PD (Stable) *  loss of postural reflexes

e Bradykinesia *  standing with the head bent forward due to forward flexion of the neck, hips, knees, and elbows
* Rigidity . difficulty in pivoting and loss of balance places the patient at risk for falls

e Rest-tremor *  speech and swallowing problems

® (+/-non-motor symptoms) . dysphonia (soft, slurred, low-pitched, and less audible speech)

. dysphagia, drooling and risk for choking and aspiration
o loss of facial mimics

5
R Advancad: PD . masklike and expressionless and the frequency of blinking decreases
Motor complications * psychiatric symptomatology
* Wearing off/Dyskinesias . depression
¢ Gait & balance problems * sleep disturbances
_10years o Axial deformities *  hallucinations
¢ Dysarthria/Dysphagia *  dementia (late onset, in 20% patients)

° vegetative dysbalances

. excessive and un-controlled sweating, paroxysmal flushing, orthostatic hypotension, gastric and urinary retention,
constipation, and sexual disturbances

Non-motor complications

¢ Cognitive decline/Dementia
15years * Depression
L
L ]

"""" Psychosis
Autonomic dysfunction
Sleep-awake dysregulation

Various Stages of Parkinson Disease

=5
me
o=



Parkinson’s disease - symptoms

* usually occurs over the age of 50

* characterized by slowness or absence of
movement (bradykinesia or akinesia),
rigidity, and a resting tremor (especiallv in
the han

AR

. /—ZS /

FIGURE 65-5 Manifestations of Parkinson’s disease: (A) “cogwheeling” accompanies passive movement of the hand
and arm; (B) “pill-rolling” tremor; (C) postural instability, forward stoop, shuffling gait.

Typical appearance of Parkinson’s disease

Stooped posture

Masked facial
/’ expression
- .

Forward tilt
of trunk
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Parkinson’s disease - treatment |

* pharmacotherapy — restoration of the
dopaminergic system

* L-DOPA or dopamine agonists

* other drugs prolonging the dopamine half
live

* cathechol-O-r &S

inhibitors L

COMT inhibitors

Dopamine

e\g Release

Levodopa

®* mohoamine ¢ K&

Dopamine
Receptors

Dopamine-producing neuron

Levodopa () Dopamine () Dopamine-agonist

MAO-B inhibitor

Stimulation of globus pallidus (int

» 4 Lead
s

pali‘fdus—

~a o

ternal segment)
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. Unaffected
, mother

Huntingtonova nemoc (chorea) s

* prevalence 4-10/100 000 v bélosské populaci

®* opozdéna manifestace
* nastup symptom typicky mezi 35. — 50. rokem, ale zavisi na genetice
e umrti za 15-20 let po nastupu (~12% pac. spacha sebevrazdu)

* progresivni neurodegenerativni AD onemocnéni v dlsledku ztraty D2 M
pozitivnich GABA-ergnich neuronl striata a posléze bb. kortexu : ,

* etiopatogeneze

Recessive Dominant
gene gene

* genetika - expanze CAG (GlIn) trinukleotidovych repetic v exonu 1 (celkem 67 _ _ ] |
exonu) genu kédujiciho huntingtin (ch. 4p16.3) ! R !
* httje 350kDa protein kédovany genem s normalnim poctem CAG repetic 6 - 35 18 i1 V
* U HD je repetic 36 - 121 1 IHes N 1
* pozdéjsi manifestace CAG <60 B | a
Affected child Unaffected Unaffected Affected child

* casnd manifestace CAG >60
* ale ujedincl s 36-40 repeticemi < 100% penetrance !! child child

¢ délka repetic roste s generacemi pfi paternalni transmisi — fenomén anticipace N FOR MEDICA N AND R H. A

* misfolded htt je obsazen v inkluznich téliscich, mutantni htt ovliviiuje expresi gen(

kritickych pro normalni funkci striata a klry 48121 | — Juvenile HD

* symptomy cacs E —+ Adult Onsel

* Casné — nesikovnost, porucha rovnovahy, mimovolni pohyby, pokles koncentrace,
deprese, podraZdénost “ — Normal
* pozdni—chorea, ztrata volni motoriky, porucha reci, kognitivnich funkci a demence =
* dusledek - generalizovana atrofie mozku (o 25-30%), hlavné striata E"i”" Huntingtin @

LU A
CCG TAC CAG CAG CAG CAG CAG CA

l
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Simplifikované schéma HD patofyziologie

g

Huntington’s disease
Frontal cortex

Cerebral cortex

Increased
excitation

Substantia B o i o i m A -
nigra Caudate/putamen
2N -
compacta D2
i - ©
I)(';"('nvr.m'd "
=}
Globus Globus
pallidus, pallidus, I Less tonic
external internal inhibition
segment / segment
°lncrmwd O
A
Subthalamic
nucleus Diminished

NELROSONNCE. Thivd Faven §

==
m e
o=



Patologie neprimé drahy je klicem k HD

B Huntington’s Disease

A General Basal Ganglia Scheme

q Excitatory

Inhibitory

|
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HD - huntingtin

Clathrn-mediated Mitochondnial Vesicle transport
endocytosis dysfuncton toxicity dysfunction
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CEREBELLUM = ERROR CORRECTION
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Jak je cerebellum integrovano do kontroly pohybu — k ¢emu jej

potfebujeme?

* ackoliv mozecek predstavuje pouhou cca
10% objemu mozku, obsahuje vice jak

50% neuront mozku!!!

* jeho plocha povrchu je cca 75% plochy

mozkového kortexu

* mozecek neiniciuje motorickou aktivitu,
ale modufukuje motorické prikazy
probihajici cestou descendntnich drah a
Cini probihajici pohyb adaptivnim a

presnyche
* major functions

koordinace volnich pohybU zahrnujici
vicero kloubu s cilem zlepsit stabilitu

* nezbytny pro udrZzeni rovnovahy a postoje

* pfriposkozeni mozecku je toto hlavnim
dlisledkem a porucha vyZaduje posturalni
strategie kompenzujici tento problém (napfr.
postoj ¢i chlize se Sirokou bazi)

motorické uceni s cilem zlepsSeni
motorického vykonu

kognitivni funkce

A

Motor Cortex

LSpinocerebellumJ
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Motor planning st
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v
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Vstupy a vystupy cerebella

Cerebellar Input (Afferents) Cerebellar Output (Efferents)

motor motor :
ﬂ(\ L'R o ﬁi\ LR
|

O

pozn.: dana strana téla
je reprezentovana v

mozkove hemisfére e [poriva ruel | ‘ ms%a;df_\f,g%eua,_/; B
Alneé cerbellar . ! n P
kontraa Iatgra I_ne alg v auncs =117 |
mozecku ipsilateralne / ; |
| ® O )
| | cerebellar nuclei
[ cerebellar cortexk — I\---

C Al \ <«— caudal cerebellar

L=
caudal —»{_ f | peduncle
cerebellar '

| . !

peduncle | r?lﬁghys | _vestibul_ar
| | nuclei
|

spinocerebellar tract spina-olivary tract reticular formation

conveying info on proprioception
and position of the head
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Disorders of cerebellum

* damage to cerebellum produces movement disorders
not associated with the visual control (persist with
closed eyes)

» vestibulocerebellar disorders
* fixation of gaze when moving a head

* cerebellar ataxia
* gait
* adiadochokinesis
* dysmetria
* cerebellar tremor
* Friedrich ataxia

* FA (similar to HD) is one of an increasing number of
human genetic diseases affecting the nervous system
that are characterized by trinucleotide
repeat expansion

* allin exons with exception of Friedrich ataxia
* frataxin gene — mitochondrial dysfunction
* susceptibility to oxidative damage

* neurological symptoms combined with sensory loss, diabetes
and cardiomyopathy

Expanded Affected
Disease Trinucleotide Repeat Protein
Huntington disease CAG Huntingtin
Spinocerebellar CAG Ataxin1,2,3,7
ataxia, types 1,2,3,7
Spinocerebellar CAG a,, subunit of
ataxia, type 6 Ca’* channel
Dentatorubral- CAG Atrophin
pallidoluysian
atrophy
Spinobulbar CAG Androgen
muscular atrophy receptor
Fragile X syndrome CGG FMR-1
Myotonic dystrophy CT1G DM protein

kinase

Friedreich ataxia GAA Frataxin M u N I



Nervosvalova ploténka

Terminal button

Action potential

propagation
in muscle fiber

VaYa

Acetyicholinesterase
Neurotransmitter-gated channel g v
Motor end plate
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Poruchy nervosvalové ploténky

* chemické ovlivnéni
* kurare-typ
* blok aktivace Ach receptorl (reverzibilni)
* botulotoxin-typ
* blok uvolnéni Ach (ireverziblIni)
* organofosfaty
* blok Ach-esterazy

* myasthenia gravis
* typicky nastup mezi 20. — 30. rokem, 2x Castéji Zeny
* etiologie

® jako ujinych autoimunit pfesné nezndma, ale 75% pfipad( MG je spojeno
s pfitomnosti thymomu ¢i hyperplazie thymu

* patogeneze - autoimunitni
* produkce blokujicich Ab proti Ach receptoriim

* autoprotilatky rovnéz stimuluji degradaci AchR komplementem, coz ma
za nasledek progresivni slabost svalu

BLOCKING AUTO-ANTIBODIES (Myasthenia gravis)

Auto-antibody

° svmptom to AChR
y p y , . . v Lzt v v . \ Muscle cell / X
* sval. slabost (ptdza, diplopie, Zvykani, fec, respirace) | .
o unava Muscle activation Muscle activation inhibited

* Lambert-Eaton(v syndrom
* blokada presynaptického uvolnovani Ach
* paraneoplasticky (malob. ca plic)
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Poruchy funkce kosternich svalli (myopatie)

* v dusledku vrozené nebo ziskané poruchy metabolismu nebo struktury svalu

®* manifestace
e funkcni porucha — slabost, myotonie, paralyza
e atrofie svalu — imobilizace, denervace, katabolismus
* myodystrofie — strukturalni prestavba sval. tkané (nahrazeni vazivem a tukem)

® onemocheéni

* metabolické myopatie — sval. slabost
* vrozend enzym. porucha metabolismu cukri (glykogendzy), MK (sfingolipiddzy) a mitochondridlniho
metabolizmu

* poruchy cyklu excitace-kontrakce-relaxace
* maligni hypertermie - mutace ryanodinového receptoru (T intracel. Ca — kontrakce — hypertermie)

* mutace kandll pro ionty (Na, Cl, Ca, K) - myotonie nebo paralyzy
e poruchy kontraktilniho aparatu (aktin, tropomyosin)
* myodystrofie (muskularni dystrofie)
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Svaloveé dystrofie

* progresivni degenerace, zanik a prestavba svalu

* typy
. poruchydystrofinu

* spojuje sarkolemu s kontraktilnim apardtem (prostfednictvim syntrofind) i ECM (lamininem) a tim
poskytuje svalu mechanickou pevnost a odolnost vici poskozeni

* projevy - pseudohy ﬁgertrofle svalu, slabost, kontraktury, lorddza a skoliéza patefe, kardiomyopatie,

porucha ventilace, | CK v plazmé

* Duchennova muskularni dystrofie (AR, X-chrom. - pouze muzi)
* Uplné chybéni dystrofinu v dlisledku mutace v genu

* postihuje také myokard
* Beckerova muskuldrni dystrofie (AR)

® (castecné chybéni dystrofinu nebo jiného proteinu komplexu
* ostatni—jiné ne-dystrofinopatie nebo mitochondrialni myopatie

TABLE 1 DMD Versus BMD

DMD BMD
Dystrophin protein Absent Partially functional
Incidence 1:5,000 male births 1:19,000
Mean age at onset, yrs 3-5 12
Mean age of becoming ~12 ~27
nonambulatory, yrs
Mean life expectancy, yrs Mid to late 20s 40s
Cnset of cardiomyopathy, yrs 16-18 Variable; cardiomyopathy
may precede skeletal
symptoms

BMD = Becker muscular dvstroohv: DMD = Duchenne muscular dvstroohy.

Normal, healthy muscle

Membrane damage,
immune infiltrate

Degeneration/regeneration

Necrosis/apoptosis

DISEASE PROGRESSION

Myocytes replaced
by fibroblasts

Sarcoglycans

< Dystroglycans

Sarcolemma

— —

Fibrosis/scar

Dystrophin
nNOS

/
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Svaloveé dystrofie

X-linked Dominant, Carrier Mother  X-linked Recessive, Affected Father

Unalfected Carrier Affected Unaffected
Father Mother Father Mother
I mm N |
XX XX

Unaffected  Unaffected  Carrier Affected
Unaffected Carrier Carrier Unaffected
San Daughier  Daughter Son Son Daughter  Daughter Son

XY XX XY

NOTE: women could be manifesting carries since one copy of
X ch gets inactivated (lyonisation) and if this happens with
majority of non-mutated X ch. symptoms develop in a carrier

female

®—— musculus orbicularis oculi

.\ musculi orbicularis oris

shoulder girdle ——@ and zygomaticus

upper arms ———@ ®——— chest (pectoral) muscles

curved spine —@

(lordosis, kyphosis, scoliosis) :
lower abdominal muscles

and trunk muscles

o s ®—— hands and fingers
pelvic girdle

foot drop

*— =2 3
foot dorsiflexion weakness

Affected muscles are generally involved asymmetrically regarding the left-right body axis
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