Patofyziologie nervovéeho systému li:
Poruchy motorického systému — ¢ast 2

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

Nervosvalova ploténka a jeji poruchy (myasthenické syndromy)
Svalové poruchy (muskularni dystrofie)
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Funkcni segregace a hierarchicka organizace motoriky

* ladnost a jednoduchost (fyziologického)

pohybu cloveka je fascinujici a_je mozna DESCENDING SYSTEMS

diky spolupraci mnoha systému, z nichZ ¢ast SEpE T

funguje automaticky bez volni kontroly Mot Cottex BASAL GANGLIA

* (1) funkcni segregace g vy e i

« motoricky nervovy systém je tvoren resp.
zahrnuje spolupraci mnoha riznych oblasti Brajasiem Centers CEREBELLUM
NS, které ontroluill ruzne parametry motoriky Basic movements and Sensory motor
(“I‘OZdel a panuj Strategle) postural control coordination

* pochopeni jejich funkcni role je zasadni pro pochopeni
projevU poruch motoriky

* (2) hierarchicka organlzace

« nadrazena centra maji vZdy globalnéjsi a
komplexnéjsi funkci (napf. volni rozhodnuti,

vyber nejvhodnéjsi sekvence pohybl vzhledem k e Motor neuron pools
cili/zaméru) a koordinace koncetin a kloubu) nez integration e o
nize razena

SPINAL CORD AND

. Za]IStUJI ~go" signal
BRAINSTEM CIRCUITS

« nemusi se zabyvat aktiyitou jednotlivych svald,
koordinaci pohybu svalu dane koncetiny a
zménami polohy a rovnovahy Sensory inputs SKELETAL MUSCLES

* tento mikro-management pohybu zajistuji nizsi L

urovné kontroly (mozkovy kmen a spinalni micha -
reflexy)
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Poruchy pohybu a svaloveho tonu

. gai‘a)lyza (DMN/LMND vs. HMN/UMND, viz
ale
« porucha volni motoriky vc. poruch sval. tonu
* gpasticita nebo ochablost

e extrapyramidové syndromy (bazalni ganglia
(BG) a cerebellum)
- porucha pfiméFenosti pohybu, koordinace a
posturalni motoriky yC. rigidity Ci
abnormalnich pohybu

* poruchy neuromuskularnino spojeni
(nervosvalové plotenky)

- myasthenické syndromy
 poruchy svald

« muskularni atrofie

« muskularni dystrofie

* abnormalni elektricka aktivita mozku
zahrnujici motoricky system

- nekteré typy epilepsii
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MED




Jak jsou BG integrovana do kontroly pohybu — k éemu je potiebujeme?

* dokazeme s nasimi koncetinami a trupem a rovnéz
mimickymi svaly provadet obrovske spektrum
pohybu a urcity ,motoricky plan® muze byt tudiz

realizovan vicero zpusoby

« nicméné v dané situaci je vzhledem k zaméru (a taky
diky zkuSenosti, kontextu - napf. emoce, stres aj.) je

zpravidla jeden z nich optlmalnl

« vybirame tento nejlepsi z vicero pravé za pomoci BG

* Jak dostavaji BG informaci o
zamyslenim/planovaném pohybu?

« diky Sirokému systému propojeni z mozkovou ktirou

e Jak vystupy z BG ovliviuji pohyb?

« cestou motorického thalamu

* BG generuji tonickou inhibicni kontrolu nad motorickym

thalamem
* toto drzi nase pohyby ,na uzdé"

* docasné odstranéni/zruseni jnhibice thalamu umoZznuje provést
optimalni pohyb a ne gelou Ffadu nepatficnych, nechténych a

kompet|t|vn|ch pohybu

* Proto BG operuji ve smycce mozkova kiira -
BG (a mnohocetna propOJenl mezi nimi) -

thalamus - mozkova kura

« soucasti kontroly jsou i vystupy z mozkového kmene

Premotor and :
supplemental  Primary motor
Prefrontal ~A, _Somatosensory

’//“

Ventroanterior and
ventrolateral
nuclei of thalamus

Subthalamus

Globus pallidus
Substantia nigra internal/external
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Funkce BG - stale mnoho hypotéz k ovéreni

* (A) kontrola motorickych funkci

« volni pohyby nejsou iniciovany BG (to je
zalezitost kortexu); ale spravna funkce BG je
nezbytna pro prenos informace k nizs§im
centrum kontroly motoriky

* BG se Ucastni kontroly kortikalni aktivity

« selekce z nauenych a stereotypickych pohybu
(motorickych programu)

* koordinace, pfesnost, pfiméfenost a hladkost pohybt

« BG ovliviuji a moduluji aktivitu motorického
kortexu a sestupnych motorickych drah
zpusobem, ktery urcuje klinicky projev v
pripade jejich poskozeni

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

* zmény svalového tonu (hypertonicita nebo
hypotonicita)

. neBFiméFer)é rychlost a rozsah pohybl (pfili§ pomalé
nebo rychle)
- BG jsou masivné napojena na kortikalni
struktury a mozkovy kmen
* drahy viz dale

Amygdala




Okruhy BG kontrolujici

MOTOR LOOPS

Body movement loop

Oculomotor loop

Frontal eye field,
supplementary eye field

Frontal
cortex

Cortical
targets

Cortical

Cortical
input

Thalamus Pallidum Striatum

NEUROSCIENCE, Fourth Edition, Box 18D (Part 1)

0 2008 Sinnuor Assotiates, inc.

pohyb tela

BG selektuji a moduluji motoricke
programy ulozené v motorickem kortexu

« BG a motoricky kortex tvori operacni
klicku v niz BG potencuji realizaci
vhodného motorického programu tzv.

rimou drahou a inhibuji protichudne
antagonisticke) programy tzv.
neprimou drahou

Competing
motor

programs

Direct

+
Appropriate pathway indirect
INOSS pathway
program

via thalamus

motor
neurons
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BG maji somatotopickou organizaci podobnou
motorickému kortexu
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Funkce BG - stale mnoho hypotéz k ovéreni

* (B) kognitivni funkce
« mpoho spojeni pfes BG ma
puvod v prefrontalnim
Frontal section asociacnim a limbickem
™ kortexu
 tyto smycky prochazi
posteriorni, anteriorni a_
ventralni striatum a tvori
anatomicke ohranicené spoje

« BG jsou evidentné zavzata do
dalsich procesu nez jen
selekce motorickych

rogramu — napr. selekce

ognitivnlcvh,, exekutivnich
nebo emocnich programu,
ktere jsou ulozeny v
kortikalnich oblastech

« BG jsou zfejmé rovnéz
ucastny procesu uceni
(alespon nekterych typu)

* BG zasadné participuji na
Motor circuit Associative circuit Limbic circuit Vyberu lofpovedl \generu-“Cl
maximalni ,odmenu®
(reward)
« propojeni s hipokampem,
amygdalou aj.

Striatum
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BG zpracovavaji nekolik paralelnich kortiko-BG-
thalamo-kortikalnich okruhu (CBGTC loops)

NON-MOTOR LOOPS

MOTOR LDOPS L. ,
A — — * klinickd relevance pro
Primary motor, mremotor, Frontal eye field, | Anterior cingulate, | . . V4
;'uﬂmam ] ::Eielrrdnmhry __ “’tr'f‘f:"m’] . i hype I‘kl nEtICke ]
poruchy motoriky

* jako napr.
Huntingtonova nemoc

- hypokinetické poruchy

* jako napfr.
Parkinsonova nemoc

; Maotor, premoko
S - mentalni poruchy
: kontroly

* jako napr. attention
deficit hyperactivity
disorder (ADHD)

« obsesivné-kompulsivni
porucha (OCD)

« Tourettlv syndrom

Pallidum

ﬁ
-

Compariscn of mofor ond non-meotior basal ganglic loops.
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Jak je cerebellum integrovano do kontroly pohybu —

k Cemu jej potrebujeme?

e ackoliv mozecek predstavuje
pouhou cca 10% objemu mozkuy,
obsahuje vice jak 50% neuronu
mozku!!!

+ jeho plocha povrchu je cca 75% plochy
mozkového kortexu

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

* major functions

« koordinace_volnich pohybu zahrnujici
vicero kloubu s cilem zlepsit stabilitu
* nezbytny pro udrzeni rovnovahy a
postoje
* pii poskozeni mozecku je toto hlavnim
dusledkem a porucha vyzaduje
posturalni strategie kompenzujici tento
problém (napr. postoj ¢i chuze se
sirokou ba2|)
« motorické uceni s cilem zlepseni
motorického vykonu

« kognitivni funkce

Motor Cortex

Spinocerabellum

Paravermal

Mator planning Sl

Motor and
premotor cortices

Vermis Corticospinal

efferents

Neocerebellum |

|

» |Lateral descending

| pathways
— Control of skilled
Vestibulo- movements
cerebellum

|Mediai descending|

T i
Ves‘h“lar RUCIET| Control of posture

Balance and
eye movements

\\ Spinocerebellar

afferents

Vermis
Intermediate

zone S -
A i1
Cerebro- \

c.erebellun"l'l\{:’ / \\:\

Dentate - ~
nucleus
Interposed
nuclei
Fastigial
nuclei
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Cerebellar Input (Afferents)
T T

“Tmotor

cortex \ /
/\ LR

! N
| /"f
|
|
thalamus | |
|
|
|
|
|

je reprezentovana v
mozkové hemisfére
kontralateralné ale v
mozecku ipsilateralné

spinocerebellar tract

conveying info on proprioception
and position of the head

g

\

. 7 M I'ed
. dana strana tela nuc.leua O
e
middlz
ottt |pont|ne I"IUC|9II \ |
P UI"ICB—/E.;- L )
]
(7 |
|
I cerebellar cortel
L
caudal —» i} \Jﬁ
cerebellar : | olivary
paduncle nucleus

spinc-olivary tract

Vstupy a vystupy cerebella

N

\

Cerebellar Output (Efferents)

W T T
cortex '
/A\\\Lnfﬁ\ \

red
nucleus

rostral carebellar —}-
peduncle

@@@

cerebellar nuclei

\ T e——— caudal cerebellar

|
- |
G/ @é '
|
|
|
A : pedincle
i vestibular
| I nuclei

reticular formation
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Shrnuti (urovné 5-6): Kontrola volnich pohybu

Plan Execute
Basal ganglia

I
I
/N )
I
Cortical ™™ 5 'f

|dea ——> association » Premotor and » Movement
areas motor cortex

|
|
\ Lateral : \ l
cerebellum | Intermediate
|
|
|
|

cerebellum €

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

* Vlastni pohyb je iniciovan primarnim motorickym kortexem a pfikazy vedeny cestou kortikospinalni (Ci
kortikobulbarni) dradhy ke spinalnim motoneuronim

e Mozeé&ek poskytuje zpé&tnou vazbu a zajistuje Gpravu pohybl
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Thalamus

* ovoidni, paiovy utvar Sedé hmot
lokalizovany v centru mozku na
mozkovym kmenem(|

* kazda strana thalamu obsahuje
Sest skupin jader
« anteriorni nuclei
+ lateralni nuclei
+ medialni nuclei
« intralaminarni nuclei
« paraventrikularni (stfedové) nuclei
« retikularni nucleus [

* thalamické jadra prevadi a
moduluji informaci prighazejici z
periferie k mozkové kure

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

« informace je zde tfidéna,
integrovana a analyzovana pred
jejim posunem do mozkoveé kury

 tato funkce Cini z thalamu tzv.
brany (“gateway”) k mozkove
kure pro limbicke, motorické a
vSechny sensorické modality krom
Cichu (tj. vC. zraku, sluchu, chuti
a somatické percepce)

TO prefrontal
Right Left corfex
Internal
Bands of Thuses Tisiames medullary
mysiinsiag — lamina
axons Cerebellum Intralaminar
ey Anterior
Mediodorsal "/ nuclei
Hypothalamus Internal Nucleus ~ ' 3N
medullary

TO auditory
sorex
¢ % Pulvinar
Medial -
Geniculate
y Contrum
Lateral medianum TO :mror
Geniculate cortices
Body
v -
TO postenor

DSSOCIaNON CoMmox
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Thalamus — jadra

Anterior nuclear group

Ventral anterior
nucleus

Lateral dorsal
nucleus

Ventral lateral
nucleus

Lateral posterior
nucleus

Ventral posterior lateral
nucleus

Ventral posterior medial

nucleus

Midline thalamic nuclei

Medial nuclear group
(mediodorsal nucleus)

Intralaminar nuclei

Internal medullary lamina

Pulvinar

Medial geniculate nucleus

Lateral geniculate nucleus
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Aferentni a eferentni spoje mozkové kury

* eferentni spojeni
- pfimo k alfa motoneurondm michy
cestou kortikospinalni drahy

- kortikorubralni, kortikotektalnia
kortikoretikularni trakty modulgflcll prisl.
descendnent] drahyﬁ (rubrospinalni,
tektospinalni a retikulospinalni trakty)

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

- kortikopontinni trakt a kortiko-
olivarni trakt k cerebellu

- kortikokortikalni drahy k dalSim
mozkovym oblastem

» aferentni drahy
 neprimo cestou kortikothalamickych drah

Integrated signal:
- Motor programme

Integrated signal:  Jf
- Motivation
- Action selection Jf
- Habits

Integrated signal:
- Proprioception

- Temporal pattern
- Error signaling

(vC. tdch z mozecku a bazalnich ganglii) osala Cerebellum
i
Dopj\mine Sensory

spinal cord
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PORUCHY EXTRAPYRAMIDOVEHO
MOTORICKEHO SYSTEMU

aaaaaaaa
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Anatomie a fyziologie NS

* periferni nervovy systém
* centralni nervovy systém

micha

(b) Organization of the adult human brain (¢) Adult brain
S— : : * prijimg a zpracovava sensorické informace z kdze, kloubl

a svalu (zadni rohy)
_ Baealleanels * prevadi motorické pfikazy pro svaly na predni rohy
- >Telencephalon gang (spinalni reflexy)
y g Limbic system mozek
3| & Diencephalon ® mozkovy kmen
2| g ¢ prodlouzena micha (medulla oblongata)
@ B « traveni, dychani, srde¢ni rytmus
‘5 g * most (pons)
<%} v T . viwv
E = + prevadi informace o pohybu mezi mozkem a mozeckeém
ol = e stf. mozek (mesencefalon)
= -‘é . kontrolu e celoy fadu sensorickych a motorickych funkci,
'S'J b f. pohyby oci, a koordinuje visualni a akustické
&) re lexy
b .
=} e retikularni formace
Wy
: + probiha podél celého kmene a soustfeduje veSkerou
g Spinal cord pfichozi [lgnformaa
2 E * mozecek (cerebellum)
= (B * kontroluje silu a orientaci pohybu, GCastni se procesu
/A 3 > motorického uceni
= 2 * predni mozek (telencefalon)
'5 o ¢ diencephalon
& 2 « thalamus - zpracovava vétsinu prichozi (sensorické)
2 informace
+ hypothalamus - reguluje autonomni systém, kontroluje
2001 Sinaer Associates, Inc. endokrin. Zlazy (chronobiologie)

¢ telencephalon

. hemlsfery mozkova kdra (primarni kortexy, asociace,
pamét, uceni, intelekt, ...)

« bazalni ganglia
MUNI
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Anatomie BG a thalamu

Basal ganglia

basal
ganglia

thalamus

\
!
;
o -
.l

\

-t

P

frontal lobe halamus + #

Hypothalamus

- <o ‘ I
. 2 1.
‘- ' Thalamus /




Casti BG (méla by se spravné nazyvat jadra)

M = Basal ganglia
W = Related structures

Caudate nucleus
Globus pallidus

\ Putamen
<)

Thalamus

| Subthalamic

nucleus

Nucleus
accumbens

Amygdala

Olfactory tubercle Ventral pallidum

ANAN

Substantia nigra
Ventral tegmental area




Caudate nucleus

Subthalamic nucleus (STN)
Thalamus

e predni mozek

« telencephalon

¢ striatum
* n. caudatus
¢ putamen

* n. accumbens = vent. striatum

* pallidum

« globus pallidus - interni
segment (GPi)

« globus pallidus - externi
segment (Gpe)

« diencephalon
* n. subthalamicus
e stredni mozek = mesencephalon
« substantia nigra

Caudate "
Nucleus

Substantia nigra (SN)

Subthalamic
Nucleus

cerebral aqueduct

® pars compa cta oculomoter nuckel /

NI O * pars reticularis
(&sa%%angﬁahr fb’_i*énmfl'ﬂhh . fod riciaus substantia
i wgieea 12 A8 Hgrigea =
SALAY) BNy a
FABR R FABIL YT T P8
::: -Cijﬁ -!\1{ \__";I "-- r{g‘: “-"H\-\r‘_ =) crus cerebri '\ __// _
LD (L wy Y MUN 1
oculomotor nerve M E D




BG smycky kontrolujici pohyby tela

MOTOR LOOPS
Body movement loop Oculomotor loop
Frontal eye field,
supplementary eye field
Frontal ” Cortical Cortical
cortex 3

Thalamus Pallidum Striatum

NEUROSCIENCE, Fourth Edition, Box 18D (Part 1) ©2008 Sauer Associstes, .
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Role ruznych ¢asti BG v kontrole pohybu

e vstup - striatum (hl. vstupni brana BG)

 dostava informace/pokyny z pre-
frontalniho kortexu a vizualnich oblasti =
_ thyb ocCi (,,okulomotoricka smycka") a
) - Leteral ventrcle ognitivni schopnosti

Corpus callosum

Internal capsule

Caudate nuclous . Erojekce z motorické a senzorické klry =
i ontrola pohybu téla (,motoricka
: Internal capsule sSm yc ka“ )

Insula - Claustrum

* n. accumbens (nezobrazeno na pficném
Putamen fezu) dostava projekce z ventro-medialni
¢asti mozku zpracovavajici emoce =
modulace afektu

Hypothalamus
Globus pallidus

Optictract
e vystup - pallidum
« ascendentni - thalamus
o ™y « modulace aferentnich informaci do kdry
< R « descendentni — stf. mozek a kmen

Amyadaloid nuclei
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Vstupy do BG a vnitrni spojeni

* existuji dva hlavni
vstupy do BG koncicli
ve striatu

« (1) z mnoha mist
mozkového kortexu
(kortikostriatalni
drahy)

e excitatorni -

glutamat

e zintralaminarnich
jader thalamu

draha)

(2) ze substanti
nigra pars compacta
(nigrostriatalni
draha)

* excitatorni -
dopammergnl
* vc. dopaminergniho
spojeni z ventralni
tegmentalni oblasti
k n. accumbens v,
,limbické smycce"

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

(thalamostriatalni

Direct pathway
Cerebral cortex Frontal cortex
(+] (transient) [+ (transient)

(transient) (tonic)

NEUROSCIENCE, Third Edition, Figure 17.8 (Part 1) © 2004 Sinauer Assacistes, Inc
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Vystupy z BG a vnitrni spojeni

o * Striatum komunikuje pomoci inhibi¢nich |GABAergnich
: spojeni
« se substantia nigra pars reticulata
« s GPi
* ataké GPe - viz déle

7z GPi do thalamu
B W e * k mnoha thalamickym strukturdm cestou dvou svazki:
: * ansa lenticularis a fasciculus lenticularis
+ ze substantia nigra pars reticylaris do colliculus superior
e NRAVE Sl _zggojeneho v kontrole pohybu oci a take k VA/VL thalamickym
jadrum

| Frontal corbex ]

L= F 5
EE
i E
£
."."_._H

Prtamen®

Substnntia nigr

pam reticulats .

Globus paliicdus
|'l|.‘.|.'r|1.1| wrgEne il

i
Cilniwm pallidus

Gubstantia g Superior
pars reticulats oompacts |
N

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

* Dva hlavni vystupy z BG (oba inhibi¢ni| GABAergni) projikuji
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Prima (+) vs. neprima (-) draha pres BG

(B) Indirect and direct pathways

(A) Direct pathway

Indirect
pathway

e

- GPi ma tonicky (permanentni)
inhibicni efekt na thalamus a tudiz i
cerebralni kortex

- mame-li se hybat, je treba
prechodné zrusit tuto inhibici

- pozitivni zpétna vazba - zesileni tonického inhibicniho efektu GPi na thalamus a

- 2. a 3. neuron/synaptické spojeni tedy i cerebralni kortex
jsou inhibi¢ni, tudiz inhibice - negativni zpétna vazba
inhjbice (= dlSlnhlblce) - subthalamické jadro dostava inhibi¢ni stimuly z GPe a navic
zpusobuje excitaci jako jedno z mala BG realizuje n. subthalamicus |
excitaéni (glutamat) vliv na GPi MU 1

MED




Striatum tvori dvé populace neuronu

(A) ) (B)
Striatal inputs \ - y
*—<
Striatal outputs
@==f D1 direct pathway
@& D2 indirect pathway 7 Q&? 4 Y Cortex 'f;ﬂ%“&k
7 oF > )
\\QQ - -

‘ h Striatum g .. % S AR / A
- i

Motor operations

Thalamocaortical
fibers

Corticostriatal
fibers

()

Basal Ganglia‘,__ :
output

"I'I
—— — v o
Basal ganglia and thalamus (enlarged) Movement disorders
Trends In Neurosclences
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Kriticka role dopaminu na aktivitu BG

Pfima a neprima draha skrze BG maji viceméné opacny vysledny efekt
na thalamicka motoricka centra

Indirect Pathway

Cortex

1
Glu +l : Glu +l

. Striatum
Substant DA -
uN' antia L 22| (caudate + Putamen)
Igra + ACh ACh
o X
“GABA :
GPe i
GABA -\ I
1
Sl 1 GABA -
Glu +
GPi/SNr
1
GABA -\ 1 GABA -\
Thalamus
1
Glu +\ I Glu+h
Cortex
© Lineage

Direct Pathway

Substantia
Nigra

Moises Dominguez

* jak to Ze se tedy vibec dokéZeme pohnout?

normalni funkce BG zjevné vyZaduje dlslednou rovnovdhu mezi aktivitou pfimé
a neprimeé drahy

prima draha

vyslednym efektem je excitace thalamu a mozkové klry (pozitivni zp&tna vazba)
v dusledku dvoji inhibice v striato-pallidalni komunikace (=disinhibice)

neurony striata tvofici pfimou drahu exprimuji D1 dopaminové
receptory, které depolarizuji burnku v odpoveédi nha dopamin (tcAMP)

neprima draha

vyslednym efektem je inhibice thalamu a mozkové kdry (negativni zpétna
vazba) v dusledku disinhobice excitacniho n. subthalamicus a nasl. potenciace
inhibicniho efektu Gpi na thalamus

neurony striata tvorici nepfimou drahu exprimuji D2 dopaminové
receptory, které hyperpolarizuji bunnku v odpovedi na dopamin (1 cAMP)

nigrostriatalni projekce ze substantia n,iﬁra pars compacta ke striatu
je naprosto zasadni pro modulaci vysledneho pusobeni prime a neprimé
drahy pomoci dopaminu

zesiluje aktivitu pfimé a potlacuje aktivitu nepfimé drahy

Dopamine

Dopamine

D, -like receptor D.-like receptor
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Medium spiny neurons (MSNs) striata

Cerebral cortex =
Glu
+4Glu +$Glu
o Striatum VA/VL
: thalamus
| D'1 [)2
(stimulatory) | | (inhibitory) " “GABA
Glu] + - —leaBA
- = Jonma
GPi/SNpr ] Fela poiten |
Gl oo > Substans i
+ - Spiﬂé? s FIGURE 18.3 HNeurons and circuits of the basal
and brainstem ganglia. (&) Medium spiny neurans In the caudate and
putamen. {B) Dlagram showing convergent INputs onto a

madium geiny Neuren rom coroal neurons, dopamingngic
colls of the substanitia nigra, and local clroult REurons within
tha strigrum. The amangemant of thees synapses Indicatas
that the response of the madium spiny neurons to thelr prin-
clpal Input, derwed from he cerebral corfex, can be modu-
Iated by doparning and the INputs of Iecal ciieult neurans,
The primary cutput of the mediurm spiny cells IS 1 neurcns In
the globus pallldus and substanta nigra pars raticulata,
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Extrapyramidové syndromy v dusledku poruch BG

(1) hypokinetickg/hypertonicky syndrom (synonymum
akineticko/rigidni syndrom)
 hyperfunkce inhibi¢nich okruht BG (GABA-ergnich, zejm. striata) —
inhibice kortikalnich motorickych funkci
* pomaly zacatek pohybu
* omezeny rozsah a sila
* tremor
* svalovy hypertonus typu rigidity (fenomén “ozubeného kola”)
« Parkinsonova choroba (O substantia nigra)
(2) hyperkineticko/(hypotonicky) syndrom

. %xcesivm’, necht&nd motoricka aktivita pFi porude inhibi¢niho ptsobeni

chorea (O striatum) - hypotonie
balismus (O n. subthalamicus) - hypotonie
athetosis (O striatum a gl. pallidus)
dystonie (O putamen, gl. pallidus a talamus)
* dyskinesie
* Huntingtonova nemoc (chorea + demence)
- Sydenhamova chorea (tanec sv. Vita, typicky reversibilni)
e autqQimunni po jnfekci sk. A beta-hemolytickym streptokokem jako
soucast projevu revmaticke horecky
(3) kombinované
* Wilsonova choroba (O putamen a O globus pallidus)
* AR degenerace Casti putamen a pallida = lenticularni nucleus
* motorické disturbance zahrnujici “wing-heating” tremor
nebo asterixis, dysarthrii, nejistou chuzi a rigiditu
instruktivni videa na _ _
https://www.thelancet.com/journals/lancet/article/PIIS01
40-6/56(13)62418-6/fulltext#secl a mnoha jinych
Internetovych zdrojich

Table 20.15
Changes in the major neurotransmitter profile in
Parkinson’s and Huntington’s diseases

Condition Site Neurotransmitter

Parkinson's Putamen Dopamine . 90%
disease Norepinephrine

(noradrenaline) L 60%

5HT 1 60%

Substantia nigra Dopamine 4 90%
GAD + GABA Ll

Cerebral cortex GAD + GABA Ll

Huntington’s Corpus striatum Acetyicholine L
disease GABA Ll
Dopamine: normal
GAD + GABA 1!

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

© Elsevier Science Ltd

==
e
O =




Substantia nigra

Cut section

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

Parkinson's disease - etlology

* degenerativni postizeni bunék subst. nigra
produku3|C|ch dopamin
« progresivni destrukce nigrostriatalni drahy s nasl.

redukci dostupnosti dopaminu ve striatu a jeho
nadmérné GABA-ergni (|nh|b|cn|) aktivité

* manifestni pfi ztraté 50 az 70% dopaminergnich
neuronu

« protoze nigrostriatalni draha favorizuje pfimou a
inhibuje neprimou drahu, ztrata DA narusuje
Eovnovahu ve prospech aktivity neprime

rahy

* GPi neurony jsou abnormalné aktivni a drzi
thalamické neurony inhibované

* bez aktivacniho thalamického vstupu nejsou
neurgny motorického kortexu excitovany a klra tedy
nemuze dostatcné stimulovat provedeni daného
motorického planu v odpovédi na pacientovu
vuli/rozhodnuti

* manifestace typicky po 50. roku véku,
vzacne i ¢asnéji

* etiologie
- idiopatickd - degenerace bb. substantia nigra
« cévni onemocnéni mozku - ischemie
« toxické (napf. po otravé CO)
« Casny nastup - genetické priciny
* mutace v genech pro a-synuclein, parkin, DJ-1 aj.

Diminished substantia
nigra as seen in
Parkinson's disease




Etiopatogeneze PD

* familial forms - implicated genes
indicate likely etiopathogenesis
« (1) impaired intracellular protein
homeostasis
* dysfunction of ubiquitin-proteasome system
* PINK-1 (parkin) = ubiquitin E3 ligase

* misfolding of proteins and their aggregation
(a-synuclein - Lewy bodies)

* (2) mitochondrial dysfunction (LRRK2)
* defect of complex 1

* experimentally by MPTP (1-methyl-4-phenyl-
1,2,3,6-tetrahydropyridine)

* oxidative stress (DJ-1 - antioxidant enzyme)
* (4) role of dopamin metabolites

* formation of ROS
« (5) others

* iron homeostasis
* Ca metabolism

CHROMOSOME INHERITANCE
LOCUS LOCATION GENE PATTERN
PARK1/PARK4 | 4q21-q23 alpha-synuclein AD
PARK2 6q25.2-q27 parkin AR
PARK3 2p13 unknown AD
PARKS 4pi14 UCH-L1 AD
PARKG 1p35-p36 PINK1 AR
PARK? 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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Etiopatogeneze PD

* familiarni formy - geny - naznacuji
moznou etiopatogenezi

(1) porucha homeostazy proteind v
bunce

* dysfunkce systému ubiquitin-proteasom
(parkin = ub|qU|t|ng E3 ligaza)

 misfolding proteind a jejich agregace
(a-synuclein -~ Lewyho téliska)

« (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) UcCast dopaminergniho
metabolismu
* tvorba ROS
- (5) dalsi
* homeostaza zeleza
* kalciovy metabolismus

CHROMOSOME INHERITANCE
LOCUS LOCATION GENE PATTERN
PARK1/PARK4 | 4q21-q23 alpha-synuciein AD
PARK2 8q25.2-q27 parkin AR
PARK3 2p13 unknown AD
PARKS 4p14 UCH-L1 AD
PARKE 1p35-p36 PINK1 AR
PARK7 1p36 DJ-1 AR
PARKS 12p11.2-13.1 LRRK2 AD
PARK10 1p32 unknown unclear
PARK11 2q36-2q37 GIGYF2 unclear
unknown 5q23.1-q23.3 Synphilin-1 AD
unknown 2q22-q23 NR4A2 AD
Increased risk (OR 1) Increased risk (OR =1)
Pesticide exposure GEA (OR 5) VPS13C
Prior head injury INPPSF DDRGK1
Rural living STK39 GPNMB
- Beta-blocker use LRRK2 (b2
Agricultural occupation SIPA1LZ MiR4697
Well water drinking. B5T1 BCKDK-STX1B

Decreased risk (OR <1)
Tobacco smoking

Coffee drinking

MNSAID use

Calcium channel blocker use
Alcohol consumption

Interactions

RABFL1-NUCKS1

Decreased risk (OR <1)

SNCA GCH1

MAPT RIT2
TMEM175-GAK-DGKQ FAM47E-SCARE2
HLA-DQB1 FGF20

MocC SREBF1-RAIT

ACMSD-TMEM163

MUN I
MED




Drahy zapojeneé v etiopatogenezi PD

Protein aggregation

SNCA (a-synuclein)
MAPT (tau)

Protein and membrane
trafficking

VPS35
DNAJC13 (REM-8)
LRRK2

GAK

RAB7L1

RAB398

Neurite structure

LRRK2

MAPT (ta)

Prion-like transmission

SNCA (a-synuclein)

a-synuclein
ligomers/protofibrils

&

T
&

En dosome /
\+©

ssssss

S

Proteasome

Ubiquitin-proteasome
system

Parkin
FBXO7
SCA3 (ataxin-3)

Mitochondrial function
and mitophagy

CHCHD2
PINK1 POLG1
SREBF1

Lysosome-autophagy
pathway

LRRK2
VPS35

DNAJC13 (REM-8)
ATP13A2

GBA

SCARB2 (LIMP-2)

Synaptic function
and dopamine
neurotransmission

SNCA (a-synuclein)
LRRK2

SYNJ1 (synaptojanin 1)
GCH1

STX1B (syntaxin-1B)

* Cellular processes involved
in the patho enesis of

Parkinson's

isease

Multiple genes have been
implicated in Parkinson's
disease based on
mutations identified as
causes of familial
Parkinson's disease or
Bolymorphlsms found to
e risk factors for
sporadic Parkinson's
disease. The gene
products drive key cellular
processes, the disruption
of which mlght underlie
the pathogene5|s of
Parkinson's disease.

https://doi.org/10.1016/S

0140-6736(14)61393-3
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Parkinson's disease - etiology

Parkinson's disease (PD) is characterised by selective
and severe degeneration of the substantia niﬁra pars
compacta and the locus coeruleus (LC), whic
underlies the most prominent symptoms

An ag-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 play a causal role in the disease, it
alone cannot explain the 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

Interestingly, in familial variants of PD, the exact
same brain areas are affected, implying the
underlying process is likely the same

« however, the exact disease mechanisms of many of these

genetic variants remain unclear. Here, we review the
effects of the PD-related genes Parkin, PINK1 and DJ-1.

MUN I
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Monomeric, oligomeric, and fibrillary a-synuclein at
the synaptic terminal
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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 g-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 activeI?/ 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 PD

The ubiquitin pathway

a-synuclein Proteins
@
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The mitochondrial pathway

Tau(PO),

Copyright @ 2006 Nature Publishing Group
Nature Reviews | Neuroscience

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

. 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 ﬁU S), 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 I activity in Parkinson's disease, which leads to reactive oxygen
species (ROSR ormation 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,
?ggGi%)itself modified by the interacting protein BCL2-associated athanogene 5

. 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-1V, 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 coréjugating enzyme; E46K, glutamic acid to lysine
substitution at -synuclein residue 4 ; NO, nitric oxide; 3n/4n, 3 or 4 copies of a-
sy?ucleinl;_l'l'au(P Jn,Tau (PO;),, phospho-Tau; UCHL1, ubiquitin carboxyl-terminal
esterase L1.
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Parkinsonova nemoc — patofyziologie
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Parkinsonova nemoc — symptomatologie

Preclinical PD

Olfactory loss

REM Behavior Disorder (RED)
Constipation

Anxiety

Depression

Impaired colour vision

. 2 & ° * @

» Onset motor symptoms

Early Treated PD (Stable)
Bradykinesia

Rigidity

Rest-tremor

(+/-= non-motor symptoms)

L]

. o @

Advanced PD
Motor complications

s Waaring off/Dyskinesias
* Gait & balance problems
» Axial deformities

e Dysarthria/Dysphagia

Non-motor complications
* Cognitive decline/Dementia
| 15 years ¢ Depression
I e Psychosis
| — s Autonomic dysfunction
o Sleep-awake dysregulation

Various Stages of Parkinson Disease

klidovy tremor

« characteristically disappears with purposeful movement but is evident when the extremities
are motionless

« often unilateral
« slow turning motion (pronation- supination) of the forearm and the hand and a motion of the
thumb against the fingers as if rolling a pill
rigidita
« passive movement of an extremity may cause the limb to move in jerky increments referred to
as cogwheeling
+ increases when another extremity is engaged in voluntary active movement
bradykineze (pomalé pohyby a jejich zacatek)
« take longer to complete most activities and have difficulty initiating movement, such as rising
from a sitting position or turning in bed
- freezing phenomenon
« shuffling gait with decreased arm swings

ztrata posturdlnich reflex( (+ pady)

. s’lcgnding with the head bent forward due to forward flexion of the neck, hips, knees, and
elbows

- difficulty in pivoting and loss of balance places the patient at risk for falls
poruchy reci a polykani
- dysphonia (soft, slurred, low-pitched, and less audible speech)
« dysphagia, drooling and risk for choking and aspiration
ztrata mimiky
« masklike and expressionless and the frequency of blinking decreases
psychické poruchy (deprese a demence)
«  pravd&podobné kvili chybéni dopaminu i v ke a limbickém systému
¢ depression
* sleep disturbances
* hallucinations
* dementia (late onset, in 20% patients) o
vegetativni dysbalance (poceni, salivace, prujem)

+ excessive and un-controlled sweating, paroxysmal flushing, orthostatic hypotension, gastric
and urinary retention, constipation, and sexual disturbances M u N I

MED




Parkinsonova nemoc — symptomy

Typical appearance of Parkinson’s disease

Stooped posture

Masked facial
expression

Rigidity
Forward tilt
of trunk

Flexed elbows ;
& wrists & Reduced arm

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 gair.
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PD - lécba

* princip farmakoterapie - restorace
dopaminergni signalizace
« L-DOPA a dopaminovi agonisté
« dalsi léky prodluzujici polo€as dopaminu
* cathechol-O-methyltransferase (COMT) inhibitory
* monoamine oxidase B (MAO-B) inhibitory

COMT inhibitors

preserve
levodopa

Dopamine

A}
b Release
i
i @4—-———9
o v
Levodopa g e
replaces - v
dopamine q “H \l ,;.\E ‘1 il ¥
Dopamine
Receptors
Dopamine
agonists mimic MAO-B inhibitors
dopamine . & preserve existing
Dopamine-producing neuron dopamine
@ Levodopa  (3) Dopami 1) Dopamine-agonist MAO-B inhibitor

* deep brain stimulation




Huntingtonova nemoc (chorea)

prevalence 4-10/100 000 v bélosské populaci

opozdéna manifestace
« nastup symptomu typicky mezi 35. - 50. rokem, ale zavisi na genetice
« Umrti za 15-20 let po nastupu (~12% pac. spacha sebevrazdu)

progresivni neurodegenerativni AD onemocnéni v dusledku
ztraty GABA-ergnich neuronu striata a kortexu
« GPe je konstitutivné disinhibovano, coz vede k dyskinesi (typicky chorea)

etiopatogeneze
« genetika - expanze CAG (GIn) trinukleotidovych repetic v exonu 1 (celkem
67 exonu) genu kodujiciho huntingtin (ch. 4p16.3 5’
* htt je 350kDa protein kddovany genem s normalnim poctem CAG repetic 6 - 35
* u HD je repetic 36 - 121

pozdéjsi manifestace CAG <60
¢asna manifestace CAG >60
ale u jedincl s 36-40 repeticemi < 100% penetrance !!

« délka repetic roste s generacemi pfi paternalni transmisi - fenomén
anticipace
* misfolded htt je obsazen v inkluznich téliscich
* mutantni htt ovliviiuje expresi gend kritickych pro normalni funkci striata a klry

symptomy
« Casné - neSikovnost, porucha rovnovahy, mimovolni pohyby, pokles
koncentrace, deprese, podrazdenost
« pozdni - chorea, ztrata volni motoriky, porucha reci, kognitivnich funkci a
demence

dusledek - generalizovand atrofie mozku (o 25-30%) a striata

48-121

CAGs m ——p Adult Onset
Lo — o

=—p Juvenile HD

-

Exon 1 Huntingtin G
LU U
CCG TAC CAG CAG CAG CAG CAG CAG CAG CAG CA

l
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==

m e

o=




HD - huntingtin

Clalhwin -madiated
endocytosls dysfunchon

Mitachondrial
Toxicity

{5)

Vesicle Iranspor
dysiunctspn
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Zjednodusené schéma patofyziologie HD
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Porucha neprimeé drahy je zakladni
abnormalitou u HD

B Huntington’s Disease

A General Basal Ganglia Scheme

s Inhibitory




Poruchy cerebella

mozecek = kontrola kvality a kontinualni korekce chyb
« nezahgjuje motorickou aktivitu, ale je nezbytny pro provadéni
pohybu zamerenych na cil (prostorova a casova koordinace)
|éze cerebella vedou k motorickym porucham nezavislym na
visualni kontrole (persistuji i pri zavrenych ocich)

« vestibulocerebelldrni symptomatologie

* nutna vizudlni kontrola, jinak neni mozna orientace v prostoru
mozeckova ataxie (= opilost)

* snizend presnost pohybd, zejm. krok{, a porucha rovnovahy
adiadochokineze

* neschopnost provadét opakované synchronni pohyby
dysmetrie

* nepfimérenost pohybu
mozeckovy (intencni) tremor

etiologie poruch

« hereditarni

* Friedrich ataxia (AR)

* 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

- all in exons with exception of Friedrich ataxia
+ frataxin gene — mitochondrialni protein
+ dysfunkce zvysuje nuachyklnost k oxidativnimu poskozeni
* neurological symptoms combined with sensory loss, diabetes and
cardiomyopathy
* spinocerebellarni ataxie (AD)

« ziskané - trauma, MS, mrtvice, toxické, avitamindzy (thiamin),
alkoholismus

Expanded Affected
Disease Trinucleotide Repeat Protein
Huntington disease CAG Huntingtin
Spinocerebellar CAG Ataxin 1,2,3,7
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 GG FMR-1
Myotonic dystrophy C1G DM protein

kinase

Friedreich ataxia GAA Frataxin




Nervosvalova ploténka

Tarming| button
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Poruchy nervosvalove ploténky

chemické ovlivnéni
* kurare-typ
* blok aktivace Ach receptorl (reverzibilni)
* botulotoxin-typ
* blok uvolnéni Ach (ireverziblni)
- organofosfaty
* blok Ach-esterazy
myasthenia gravis
« typicky nastup mezi 20. - 30. rokem, 2x Castéji zeny
+ etiologie
* jako u jinych autoimunit pfesné& neznama, ale 75% pripadu

MG je spojeno s pritomnosti thymomu ¢i hyperplazie
thymu

+ patogeneze - autoimunitni
» produkce blokujicich Ab proti Ach receptorim

* autoprotilatky rovnéz stimuluji degradaci AchR
kon?plementem, coz ma za nasledek progresivni slabost
svalu

*«  symptomy
* sval. slabost (ptdza, diplopie, zvykani, rec, respirace)
¢® uhnava
Lambert-Eatondv syndrom
« blokada presynaptického uvolhovani Ach
« paraneoplasticky (malob. ca plic)

BLOCKING AUTO-ANTIBODIES (Myasthenia gravis)

\ |
e e _®

e S0 .8 0 o @
o0 0 0

Acetylcholine —e o Yiw R g .
e :

AChR Auto-antibody

\ / tor AChR
Muscle cell W

Muscle activation Muscle activation inhibited
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Poruchy funkce kosternich svalu (myopatie)

v dusledku vrozené nebo ziskané poruchy metabolismu nebo
struktury svalu
* manifestace
« funkcni porucha - slabost, myotonie, paralyza
« atrofie svalu - imobilizace, denervace, katabolismus
. mKodystrofie — strukturalni prestavba sval. tkané (nahrazeni vazivem a
tukem)
* onemocheéni

« metabolické myopatie - sval. slabost

* vrozena enzym. porucha metabolismu cukry (glykogendzy), MK (sfingolipiddzy) a
mitochondrialniho metabolizmu

« poruchy cyklu excitace-kontrakce-relaxace

* maligni hypertermie - mutace ryanodinového receptoru (1 intracel. Ca - kontrakce -
hypertermie)

« mutace kandld pro ionty (Na, Cl, Ca, K) — myotonie nebo paralyzy
« poruchy kontraktilniho aparatu (aktin, tropomyosin)
« myodystrofie (muskularni dystrofie)
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Myodystrofie

e progresivni degenerace, zanik a prestavba
svalu

* typy
« poruchy dystrofinu

* spojuje sarkolemu s kontraktilnim aparatem
(prostrednictvim syntrofinu) i ECM (lamininem) a
tim poskytuje svalu mechanickou pevnost a
odolnost vci poskozeni

* projevy - pseudohypertrofie svalu, slabost,
kontraktury, lordéza a skoliéza patere,
kardiomyopatie, porucha ventilace, + CK v plazmé

e Duchennova muskularni dystrofie (AR, X-chrom. -
pouze muzi)
 Uplné chybéni dystrofinu v dlsledku mutace v genu
* postihuje také myokard
* Beckerova muskularni dystrofie (AR)
e Castecné chybéni dystrofinu nebo jiného proteinu
komplexu

« ostatni

C-terminus
Dystrophin

Mormial, haalthy mescusiun Musoular dystrophy
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Myodystrofie

shoulders and «
arms are held
back awkwardly
when walking

belly sticks
k out due to
swaybac weak belly
muscles
weak butt (child is poor
muscles (hip at sit-ups)
straighteners) thin, weak
thighs
Knees may bend (especially
back to take front part)
weight.
poor
thick lower / ?;::“‘t;
leg muscles
(the ‘muscle’ often
is mostly fat,
awkward,
and not strong) ey if
walking
tight heel cord
{contracture); Weak muscles in
child may walk front of leg cause
on toes ‘foot drop’ and

tiptoe contractures.
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