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Molekularni genetika svalovych
poruch
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Hladka — lemuje vnitrni organy,

3t svalové tkaneée ref'“‘ —

- kontrakce

- ovladano nervovymi pulsy esophageal

sphincter

Pyloric
sphincter

Kosterni — zajist'uje

pohyb, viili Fiditelny

Left pulmonary artery

Left atrium

Left pulmonary
veins

Inferior vena cava
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Struktura kosterniho
svalu

- svalové vlakno = shluk svalovych bunék

Svalova bunka je mnohojaderna.

Membrana = sarkolema
Cytoplasma = sarkoplasma
Mitochondrie  =sarkosomy

- svalové bunky - délka az

: ﬁ“ e Plasma membrane (sarcolemma) 20 cm’ prl‘olmér 10 - 100 um

- uvnitf svalové bunky —
dlouhé proteinové
Myofibrils molekuly (myofibrily)

Striation




Struktura kosterniho svalu

Myofibrily se skladaji z myofilament Rozdéleni svalu na prouzky

(proteinovych retézcu) - A (anizotropni)

— po histologickém barveni - svétlé a tmavé - | (izotropni)

prouiky = tlusta a tenka myofilamenta l

) 1))
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Skeletal Muscle Fibers (L.S.)
Myofibrils




Zakladni jednotka myofibrily
S omars Struktura kosternlho

- ohraniéena Z-linii (diskem) Sval u | A %
— ukotveni tenkych "
(aktinovych) filament

- paralelné tlusta Z
(myosinova) filamenta — oy
spojena M-zénou |, N~

- prouzky A — z6nu H — misto, A 47 4
kde se myofilamenta  § \G
neprekryvaji N~/




Struktura kosterniho svalu

se skladaji z velkého poctu svazanych
molekul serazenych v prekryvajicich se polich.

: . e Myosin — hexamer, 2 identické tézké

Myosinové filamentum v ox . b voex_
_ retézce, 2 pary lehkych retezcu

//_ Myosin head -
Myosin maolecule
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Struktura kosterniho svalu

Tenke filamentum (F-actin) — dvousroubovice vlaknitého F-aktinu tvoreného
kulovitymi monomery (G-aktin)

- Tropomyosin = vlaknity protein
- Troponin = 3 podjednotky
- vazba Ca?*
- vazba troponinu a tropomyosinu
- zabranuje interakci myosinu s aktinem v klidu

Troponin complex
|TnC  Tnl  TnT

N\ tropomyosin

e

Ca2'._ \\\ /"/

—— s/
— /

/

/

actn

e v



UHFK Y \lml‘karlla’wd with-

Action out (muscle) Ca®*channel
potentia RYR
3 | rostem | J
Myosin
" L
ff (; | = Longitudin
ATP | C Ca tubule
\ - - fropomyosan \| ‘7:7 -
,'/, 'i.;»_ -
2sting position L}
[ca®} H
2
1 | [Ca™"k
*anoed = 1-10pmol/l
D ., 45" —90
2

1 Actin-myosin binding,
\ATP cleavage

bond ( softenmf_jI effect
of ATP), myosin he

ads erect

,( 4 Loosening of actm—my osin

A = J})
2a Myosin heads tilt
due to P release

Without

ATP
Stable “rigor complex” A" i
pemst:h 2b Final head position
(rigor mortis) after ADP release

Molekularni
podstata kontrakce

1) Nervovy signal vede ke zvyseni
koncentrace Ca?*

2) Ca?* se vaze na troponin 2
konformacni zmény — hlubsi
zasunuti tropomyosinu do stérbiny
mezi vlakny aktinu

3) Zpristupnéni hlav myosinu na
aktinova vazebna mista

4) Aktivace ATPasy — stépeni ATP
(Mg?*) — konformacni zména a
ohnuti hlavy myosinu

5) Funkce paky a napeéti kréku se
prenese na aktin a myosin. Po
uvolnéni ADP - rigorovy komplex

Pohyb a sila jsou dusledkem
cyklické interakce myosinovych
hlav s aktinovymi filamenty.
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Dvystrofin a asociované svalove protein

Dystrofin, a-dystrobrevin

a-dystroglycan — most mezi vnitrnim

Laminin-2

cytoskeletem a

extracellularni matrix
Sarcolemma

| ‘ - Sarcospan
A - .:.'—5_ < =

/A Sarcoglycans
/ Syntrophins

B-dystroglycan

Dystrophin




Srdecni svalovina

Kardiomyocyty - v pradméru 10 - 20 um, délka 50 — 100 pm
- jednoduché jadro
- myofibrily a proteiny svalové kontrakce - podobné jako v kosternich
svalech
- mnoho proteini kédovano specificky exprimovanymi geny

Sarcoglycan
f na Na* : . y _:' s
embran | 1 ? | "
Extracellular *! |
pace * * * . ;,l |
\ = Ve Mitochondrion
Cyloplasm K 4 _iam——
i XA €71 T
Na'/Ca‘ Na' K ((’fy ila ¥ *
exchanger channe channels WY | v R §
vd gt \\\,.A_ w/__//"
Na“®

R thtarny



Hladka svalovina

Depolarzation, transmitter, hormones, stretch ———
|\ :r' Py x
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iy /7 N -~ e Dlouhé a vretenovite
g '“°‘“ /| - 1| tvarované bunk
ANL T = ——% Y
it i W . .
. Actin-myosin A & X - Obklopuji krevni cévy,
i ] =0 3 Ca’? a% y 2 u oz e v
<L 21 7 Thickening zones = . IIU travici organy, zaludek,
'len“ VD <1[(§?m]o|,| oot R_D) oo v D >10-0moll méchyf¥, délohu
IEDPIA: - [ — - g-a:_._a 2 —
Actin-tropomyosin ERR— = MyOfllam enta nejSOU
" lowmusdetone v J, organizovana v paralelnich
P MLCK = A ' g - - . . .
O ““‘TL“ 3 f - Bunky nemayji troponinovy
8 W )/»\ —— o' komplex.
z ﬁ ATP —=‘§> P ,J Release of actin =
Phosphatase ADP o 5
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- enzym ucastnici se rozkladu glykogenu/tuku

Dédiché svalové poruchy

Microarray analyzy detekovaly kolem 3 500 exprimovanych genli
Vétsina klinicky dulezitych dédi€énych nemoci zahrnuje mutaci genu koduijici:

- protein zajist’'ujici integritu a mechanické vlastnosti svalové bunky
- protein, ktery reguluje €i se ucastni procesu kontrakce

Disorder

Gene

Site

Protein activity

Onset (yr)

Symptoms

Phosphorylase
deficiency;
McArdle disease

Acid maltase
deficiency; Pompe
disease

Phosphofructokinase
deficiency;
Tarui disease

Debrancher
enzymme
deficiency; Cori or
Forbes disease
Phosphoglycerate
kinase deficiency

Phosphoglycerate
mutase deficiency

Lactate
dehydrogenase
deficiency

PYGM

GAA

PFKM

AGL

PGK1

PGK2

PCAMZ

LDHA

11q13.1

17q25.3

12q13.3

1p21.2

Xq13

6p12.3

7p13

11p15.1

Clycogen phosphorylase;
catalyzes and regulates
conversion of glycogen
to glucose-1-phosphate

o-Glucosidase; breakdown
of glycogen to glucose-
1-phosphate

Phosphofructokinase;
converts fructose-6-
phosphate to fructose
1,6-bisphosphate

Amylo-1,6-glucosidase;
4-g-glucanotransferase;
glycogen debranching
enzyme

1,3-Bisphoshoglycerate
+ ADP to 3-
phosphoglycerate +
ATP

3-Phosphoglycerate to
2-phosphoglycerate

Lactate + NAD to
pyruvate + NADH

-5-16

~-2-20

~-5-20

~-5-20

Exercise-induced myopathy;
cramps; muscle stiffness

Weakness of upper leg and
arm, trunk, and respiratory
muscles; enlarged liver,
heart, and tongue

Muscle fatigue; severe
cramps; nausea, vomiting;
myopathy

Myopathy; muscle weakness;
hypoglycemia; enlarged
liver

Muscle pain and weakness;

exercise-induced myopathy

Muscle pain and weakness;
exercise-induced myopathy
Exercise-induced myopathy

E opald - ;\1-1’,
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Duchennova muskularni dystrofie POFUCh){
DMD - o
(2hilD) kosternich svalt

- X-vazané, recesivni, svaly vy€erpavajici
nemoc, ovliviujici asi 1 z 3 300 zivé

narozenych chlapcu ggg
- Nastup je mezi 4 - 5 rokem zivota A [ ¢
- Svalova slabost v bocich, neschopnost /o 2 kt I
béhat, extrémni narist objemu Iytek ({\ i” 174 i L?A‘
v dusledku akumulace kolagenu a tuku \) L ; Q% 14
i; : - . ; s'._\
- Svaly ramen a panve ochabuji drive nez )/ t-h\ak WS AN
S N S

pazi a stehen

- Pacienti uvéznéni na invalidni kreslo; smrt

v disledku selhani svalu plic a srdce
: Normal Duchenne Musclular Dystrophy




Poruchy kosternich svalu

Charakteristicky biochemicky marker DMD
- zvy$ena hladina kreatin fosfokinasy back awlwardly

when walking

(CPK) v séru = svalova degenerace oA
swayback weak belly
weak butt ?;::?fdlcl; F;OOF

kv S muscles (hi at sit-ups

Zeny nosiéky/heterozygotky Srsghteners) b e

v g .y - /‘hisﬁs_,
- vétsinou nevykazuji svalovou ochablost i Koses may bend o (especaty
pies slabé zvy$enou hladinu CPK e oo
thick lower / ?;I;nc:;
(the mascle’ often
is mostly fat, awkwar
and not strong) cluj:nsy :jf’
walking

Beckerova muskularni s

(contracture); Weak muscles in
child may walk front of leg cause

dystrofie (BMD) oo s ontrcaues.
mirna forma DMD, 1 : 30 000
zivé narozenych muzu, X-vazana
- myopatie v pozdéjsi etapé zivota,
prubéh nemoci variabilni
- deélka zivota vetsi nez pro DMD

i3 e




Poruchy kosternich svalu

DMD gen — Xp21.2 — 79 exonu, 2400 kb
- protein — dystrofin
- 4 funkéni domény - 1. doména (N-konec) vaze F-aktin
- 2. doména tvori vétsSinu molekuly (9-63 exonu)
- 3. doména vaze B-dystroglykan
- 4. doména vaze syntrofin, a-dystrobrevin, aj.

BMD = méné vazna alelicka foma DMD

Zmény v DMD - mutace bazi (C3304Y) — brani vazbé dystrofinu na
B-dystroglykan
- duplikace exonu
- cca 65 % DMD - delece casti genu
- poruseny ¢éteci ramec = DMD
- neporuseny cteci ramec = BMD - ¢asteéneé funkéni
protein

fu‘..-,u.-‘.,v T :
- fored v ; BIA L il 4



Poruchy kosternich svalu

DMD pacienti - deficience dystrofin
- snizené i ostatni proteiny asociované s dystrofinem

- neni most mezi vnitrnim kontraktilni systémem a
extracelularni matrix

Tkanove specifické formy dystrofinu - v mozku, srdci, Purkynovych
bunkach - pochazejici z rozdilnych promotoru, kazdy s jedine€nym
prvnim exonem

Pro isoformy mensi nez kompletni dystrofin - transkripty syntetizovany
z 4 promotora uvnitF intront treti a ¢tvrté dystrofinové domény

- tyto ,,malé dystrofiny* se nachazeji v o€nich, embryonalnich a
nervovych bunkach

\‘ k .'."
f.:....w-,.,v T :
- ford v ; - e



Muskularni dystrofie
koncCetin a pasu

(limb-qgirdl muscular dystrophy:

Poruchy kosternich svalu

Protein Function

Site

Gene

LGMD1A  TTID 5031 Titin _ Thin rila_men_t-associated _E-;Iisl-: LGMD)
immunoglobulin protein; binds to w-actinin,
domain protein; filamin c, and F-actin; AD/AR
myotilin stabilizes and anchors thin
filaments znacna fenotypicka
LGMDI1B  IMNA 1g21.2 Lamins A/C Intermediate filament of inner . -
nuclear membrane variabilita
LGMDI1C  CAV3 Ip25 Caveolin-3 sarcolemma component; vorse v s .
intracellular routing; protein pocatecnl oslabeni panve
assemblj.-';_ mediates signal a ramen nasledované
transduction pathways . o . .
LGMD2A  CAPNZ  15g15.1 Calpain-3 Intracellular protease; binds to ztratou svalu hornich pazi
myofibrils
LGMD2B  DYSF 2p13.2 Dysferlin Sarcolemma fusion and repair a stehen
LGMD2C  SGCG 13q12 y-Sarcoglycan sarcoglycan complex _ :
LGMD2D  SGCA 17g21 a-5arcoglycan Sarcoglycan complex LGMD genethky
LGMD2E  SGCB 4q12 B-Sarcoglycan Sarcoglycan complex heterogenni soubor
LGMD2F  SGCD 50333 &-5arcoglycan Sarcoglycan complex ’
LGMD2G TCAP  17q12  Titin cap protein;  Thin filament-associated Z-disk nemoci
telethionin protein; substrate for titin ;
kinase 2 kategorie = LGMD1 vs.
LGMD2H  TRIM32 9g33.2 Member of Possibly, enzymatic addition | GMDZ2. dominantni vs.
tripartite motif of ubiquitin to proteins . ’ , v
family (E3-ubiquitin ligase) recesivni, typu prirazeno
LGMD2I FKRP 19g13.3 Fukutm-_relate::l Glycosylation GF o velké pismeno dle po"zadi
protein dystroglycan; possibly )
phospholigand transferase 0] bj evu
LGMD2| TIN 2q31.2 Titin Very large skeletal muscle

protein (3700 kDa) with
binding sites for many
muscle proteins; component
of thick filaments

NES
eviopaky [\ ]|
- JondvOR. BYROPSICA Lo
NVESTICE DO ROZVOU
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Poruchy kosternich svalu

LGMD

- mutace rozliénych genu produkuji stejny
fenotyp — jakykoliv €len souboru tkanove
specifickych interagujicich produkta genu
je defektni

- mutace jednoho genu je v nékterych
pripadech zodpovédna za odlisné poruchy

napr. LGMD1B — mutace v LMNA genu - dilatacni

kardiomyopatie (CMD1A) Ci syndromu 3D rekonstrukce z CT skanu zdravé
Hutchinson-Gilfordova predéasného starnuti osoby (vlevo) a osoby postizené
LGMD (vpravo)




Poruchy
kosternich

svalu

Vrozena muskularni dystrofie (CMD)

klinicky a geneticky heterogenni, AR, ovliviuje
svaly novorozenat, u nékterych déti zpusobuje
poskozeni mozku a nervu

- svaly permanentné napjaté a oslabené, klouby
deformované jako nasledek dlouhodobé
kontrakce

«ar - variace ve velikosti svalovych bunék a velka

mnozstvi extracelularni tkané

Laminin-2 - heterotrimer = tézky retézec (a2) a dva
lehké (B1/y1)

- ve svalech se laminin a2 vaze na a-dystroglykan
a extracelularni matrix - ‘

- Y2 narozenych s CMD ma
nedostatek a2 podjednotky
(LAMAZ2 - 6g2) — vétSina mutaci
zpusobuje zkraceni proteinu

- laminin a2 — syntéza svaly,
neurony



Poruchy kosternich svalu

Proteiny genti asociovanych s rozlicnou formou CMD:

- vazba sarkolemy a extracelularni matrix (LAMA2)
- tvofi sou€ast matrix (COL6A1)
- mnozstvi glykosylovanych a-dystroglykanua (FCMD), aj.

Disorder

Protein

Function

Laminin o2

deficient-ChMD

(MDC1A)

Fukuyama CMD

Integrin «/
deficiency
Muscle-eye-

brain disease
Walker Warburg

syndrome
Rigid spine

syndrome
MDC1C

MDC1D
Ulirich
syndrome 1
Ulirich
syndrome 2
Ulirich
syndrome 3

LAMAZ

FCMD

ITGA7

POMGRHTI®
(MGATT.2)

POMTI

SEPNI

FERP

LARGE
COLsAl

COLeA2

COL6A3

6022.33

9q31.1
12q13.2
1p34p33
9q34.13
1p36.13
19g13.3

22q12.3
21g22.3

21g22.3

2q37.3

a2 Subunit of laminin-2

Fukutin; phosphoryl ligand
transferase
Integrin o«

O-mannaose B1,2-M-
acetylglucosaminyltransferase

Protein O-mannosyl transferase

Selenoprotein N

Fukutin-related protein;
phosphoryl ligand transferase

Glycosyltransferase

al collagen chain of collagen Vi

a2 collagen chain of collagen VI

a3 collagen chain of collagen VI

“Not an approved gene symbol.

Links a-dystroglycan to extracellular matrix

Glycosylation of a-dystrophin and possibly
other muscle cell proteins
Subunit of integrin «7B1; sarcolemma
protein binds to extracellular matrix

O-mannosylation

O-mannosylation

Possibly prevents oxidant damage

Glycosylation of a-dystrophin and possibly
other muscle cell proteins

Glycosylation of muscle protein(s)

Component of extracellular matrix

Component of extracellular matrix

Component of extracellular matrix

Ef“‘”uwilv -

“coaks
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Poruchy kosternich svalu
Fukuyama-typ CMD (FCMD)

- 9931.1 - vazna CMD s poruchami nervového systému (mentalni retardace)
- délka zivota zridka delSi nez 20 let

-1: 10 000 — na zivé narozenych Japoncu
- cca 80 % japonské populace nese mutaci v FCMD genu
- retrotransposomalni 3-kb insert uvnitr 3’-neprekladané oblasti FCMD genu
u postizenych jedincu
- znak 3-kb insertu FCMD genu = hexanukleotid opakovany 41x

_ protein FCMD genu - fu kutln — a Macnnhyfru\dividunl'. o b P-nhcntﬁ‘thh FCMD
exprimovan v mozku, kosternim i H B oW - i H B )
svalstvu, srdci, pankreatu - \ &
- u postizenych jedinctli nelze nalézt = “ ¥
. 7~ z ol IAS—— I (T l 1
MRNA = 3-kb insert vytvari nové () 31 J- _6TH (7 C -
splicingové misto = Spatny sestrih l
MRNA . P B T e Gt e

- fukutin (protein Golgiho aparatu) ma
glykosylacni aktivitu a pravdépodobné -
modifikuje a-dystroglykan gf “ Nl



Poruchy svalu srdce

Lidské srdce — siné a komory — komory jsou ze silné
svaloviny, zejména leva komora

Dilatacni kardiomyopatie (DCM)

- nemoc srdecniho svalu (myokardu) Right LN
oL L ) . atrium [ JIF SN \ — Lt
- zvetseni komor, zuzeni stén, ztrata kontraktility ="\ |\ | ventricle
w V4 wr ” L% ” ’ \ \‘ \
srdec¢niho svalu; oslabujici, €asto fatalni s Rigm\i\ \ &
okamzitym nasledkem smrti; hlavni pfi¢ina ventrice  ~————

vedouci k transplantaci srdce

DCM je koneény vysledek mnoha rozdilnych stavu.

- cca 50 % pripadi — obstrukce v koronalnich arteriich, viralni infekce, nutriéni
deficience, myokardialni toxiny (alkohol)

- ostatni pri€iny — idiopatické — u nékterych pacienttl porucha elektrické

vodivosti srdce
gf sones “ \:\} " ::.~



ACADM 1p31.1
P12 1p3z3

TN 2031
(CMDIG)

TAZ(G45,  Xq28
CMD34)

ACTC 15q14

DMD Xp21.2

[MNA 1g22

TNNT2 132
(CMD1D)

DES 2q35
(CMD1D)

SGCD 5033.3

TPM1 15q22.2

MYBPC3 11pl1

MYH7 14912

Poruchy svalu srdce

Dilatacni kardiomyopatie

Medium-chain acyl-CoA
dehydrogenase

Camitine
palmitoyltransferase II

Titin

Tafazzin

Cardiac muscle a-actin
Dystrophin

Lamins A/C

Cardiac troponin T
Desmin

d-3arcoglycan
a-Tropomyosin

Cardiac myosin binding

protein C
p-Myosin heavy chain

Oxidation of stored medium-
chain fatty acids

Transports long-chain fatty
acids to mitochondria

Associated with myosin
filaments and attached to
£ disk

Unknown

Thin filament

Dystrophin-glycoprotein
complex

Component of inner nuclear
membrane

Thin filament

Cytoskeleton

Sarcolemma transmembrane
glycoprotein

Thin filament

Thick filament

Thick filament

(DCM)

- AR, AD, GR typ dédi¢nosti

AR - ridké, kardiomyopatie
jako minoritni symptom
celkového fenotypu — mutace
jadernych genu podilejicich se
na tvorbé energie z FA - ubytek
ATP oslabi rozsah svalové
aktivity (napfr. deficience CPT2)
— vyskyt kardiomyopatie spolu
s ostatnimi komplikacemi jako
nizka glukosa (hypoglykemie),
zvraceni, koma

AD + GR — myopatie hlavni
fenotypicky projev

% i
evropsky I

socialni OP Vzdélavani
| 4 fondvCR EVROPSKA UNIE pro konkurenceschopnost
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Poruchy svalu srdce

Hypertroficka kardiomyopatie (HCM)

- smrtelné AD onemocnéni srdce s vyskytem 1 : 56 000 - znakem nemoci je
nezvykle zvétsena sténa levé komory =» snizeni objemu komory

- svalové bunky jsou zvétsené a dizorganizované

- HCM je zodpovédna za nahlou smrt cca 35 % atletu

- cca 60 % HCM - rodinna podstata — fenotyp variabilni s rozdilnymi vystupy
uvnitf jedné rodiny

- vysoka geneticka heterogenita — ovlivnény proteiny specifické pro srdce

Gene Site Protein Function

MYH7 14q11.2  Cardiac p-myosin heavy chain Thick filament

MYBPCZ  11p11.2  Cardiac myosin-binding protein C Thick filament

MVYHs 14q11.2  Cardiac a-myosin heavy chain Thick filament

MYL3 Ip21.31  Essential myosin light chain, Thick filament

ventricular isoform

MYL2 12g24.11 <Cardiac regulatory myosin light chain ~ Thick filament

TTN 2q31.2 Titim Thick filament

ACTC 15q14 Cardiac actin Thin filament

TNNT2 1g32.1 Cardiac troponin T Thin filament

TPMT 15922.2  w-Tropomyasin Thin filament

THNI3 19q13.42 Cardiac troponin | Thin filament

CSRP3 11p15.1  Cardiac LIM protein Cytoskeleton; sarcomere Normal heart Hypertrophic

stabilization (cross section) cardiomyopathy

Vétsinou jako AD =» defektni protein brani spravnému seskupeni filament

socialni
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Zaver

Zdrave = -' svaly
a

srdce nejen . na
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