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Molekularni problematika a diagnostika
e neuromuskularnich nemoci
e metabolickych nemoci
e koznich nemoci a nemoci pojivové tkané
e mentalnich retardaci

Analyza patogenity identifikovanych sekvenénich zmén
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Onemocnéni ..... asociovany gen .....
kédovany protein ..... funkce proteinu ..... vliv
mutace na funkci proteinu ..... molekularni
podstata onemocnéni ..... klinické projevy
onemochneéni ..... pouzivané metody DNA

diagnostiky



Vybrané neuromuskularnich nemoci

Duchenne muscular dystrophy  §2J/7/» RS {fe]elalla

Spinal muscular atrophy SMN1, Survival motor neuron
protein 1

Myotonic dystrophy, type 1 DMPK, Dystrophia myotonia
Myotonic dystrophy, type 2 protein kinase

CNBP1, Cellular retroviral nucleic
acid-binding protein

Limb girdle muscular dystrophy, RKo:1Z\'EMEEIEIEE

type 2A

e eI L (g S E N LT ETaSS Deletion of D474 repeat, 4935

dystrophy



Neuromuskuldrni nemoci (NMD)

» NMD narusuji funkci svalu a to bud pfimo v disledku patologie svalu nebo
neprimo v dusledku patologie nervid a neuromuskularnich spojeni.

e 780 typu NMD
417 genl
e 16 skupin NMD

1. Muscular 5. Other 9. Metabolic
dystrophies myopathies myopathies
2. Congenital ] .

. 6. Myotonic 10. Hereditary
muscular 5 )
—_ syndromes cardiomyopathies

dystrophies

11. Congenital

3. Congenital 7. lon channel ]
3 ) myasthenic
myopathies muscle diseases
syndromes
4. Distal 8. Malignant 12. Motor neuron
myopathies hyperthermia diseases

13. Hereditary ataxias

14. Hereditary motor and

sensory heuropathies

15. Hereditary paraplegias

16. Other neuromuscular

disorders

http://www.musclegenetable.fr
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NMD, klinicka heterogenita

» Mutace v 1 genu zplsobuji nékolik typti NMD; pf. LMNA, lamin A/C

(tvorba jaderné laminy - sitovita vrstva protein( pfiléhajici na vnitrni sténu vnitini jaderné

membrany).

Diseases
Cardiomyopathy, dilated, 1A

Charcot-Marie-Tooth disease, type 2B1
Emery-Dreifuss muscular dystrophy 2, AD
Emery-Dreifuss muscular dystrophy 3, AR

Hutchinson-Gilford progeria
Heart-hand syndrome, Slovenian type
Lipodystrophy, familial partial, 2
Malouf syndrome

0 0 N R WNRE

Mandibuloacral dysplasia
10. Muscular dystrophy, congenital

11. Muscular dystrophy, limb-girdle, type 1B
12. Restrictive dermopathy, lethal

www.wikidoc.org/index.php/
Dilated_cardiomyopathy

http://dxline.info
/diseases/charcot

-marie-tooth-
http://neuromuscul

ar.wustl.edu/time/h
msn.html

http://sciential.files
.wordpress.com/20
13/01/progeria.jpg




NMD, geneticka heterogenita

» 1 nemoc je zpusobena mutacemi v 1 z nékolika gent

Autosomal recessive limb-girdle muscular dystrophy — 25 genes

: Calpain-3;15q15

: Dysferlin; 2p13

: y-Sarcoglycan; 13q12

: a-Sarcoglycan; 17921
B-Sarcoglycan; 4q12
0-Sarcoglycan; 5933

2G: Telethonin; 17q12

2H: TRIM32; 9933

21 (MDDGCS5): FKRP; 19913
2J): Titin; 2924

2K (MDDGC1): POMT1; 9934
2L: ANO5; 11p14

2M (MDDGC4): Fukutin; 9931

|N |N |N |N |N |N
MmO IO W >

2N (MDDGC2): POMT2; 14924
20 (MDDGC3): POMGnNT1; 1p32
2P (MDDGC9): DAG1; 3p21

2Q: Plectin 1f; 8g24

2R: Desmin; 2935

2S: TRAPPC11; 4935

2T: GMPPB; 3p21

2U (Cerebellum small): ISPD; 7p21
2V: GAA; 17925

2W: LIMS2; 2gq14

2X: POPDC1; 6921

2Y: TOR1AIP1; 1925

http://neuromuscular.wustl.edu/musdist/Ig.html#2a
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Duchennova/Beckerova svalova dystrofie (DMD/BMD)

» Gen DMD, Xp21

» Dystrofin — protein membranového skeletu svalovych bunék,
stabilizace svalové membrany béhem kontrakce a dilatace svalu

 DMD - nonsense mutace, delece a duplikace ménici ORF

« BMD - delece a duplikace zachovavajici ORF — mirnéjsi forma nemoci

Extracellular matrix Sarcoglycan
complex

Sarcolemma

Syntrophins
Cytoplasm

o-Dystrobrevin

R.J. Fairclough, Nature Reviews Genetics 2013

DNA diagnostika:
* Identifikace deleci/duplikaci — MLPA (60% mutaci)
* |dentifikace mutaci malého rozsahu — PCR, sekvencni analyza exonu



DMD/BMD - diagnostika

» Nutnost korelace mezi klinickymi, patologickymi a genetickymi nalezy

Kazuistika pacienta 1 PN
Klinicky nalez: BMD = f§
Histopatologicky nalez: BMD 1 B
Geneticky nalez:
* Analyza DNA: nonsense mutace p.(Glu1110*) v exonu 25 , —
= DMD ??? Y P
* Analyza mRNA: identifikace dvou transkriptu everani transkrince-PCR
- transkript s mutaci p.(Glu1110%*) -
- transkript s deleci exonu 25
o Lokalizace mutace ¢c.3536C>A v sekvenci ESE = zména
sestfihu mRNA (delece exonu 25)

o Delece exonu 25 nemeéni ORF = vznik ¢astecné funkcniho
proteinu

Intron Exon Intron
SR proteins v R
PO Regullatory Imunodetekce / &,Z‘ /‘ﬁi\

™ Chr SRRESR dystrofinu; kontrola, _}__;{{ e ] )‘DH

@ A : pacient s BMD (FNB, “© o '—"“‘\\4,‘(

nyura G . ' { ) N
yny Y//WY” yynag .- PAU, Hermanova M.) g4 | ‘,('\'f g
Branch site 3—splmesﬂeT ESE ES5 &' s[ﬂicesﬂeT ISE ISE 188 Y ety



» Nutnost spojeni analyzy DNA a mRNA

Kazuistika pacienta 2
Klinicky nalez: DMD
Patologicky nalez: DMD
Geneticky nalez:

* Analyza DNA: bez mutace

DMD/BMD - diagnostika

* Analyza mRNA: exon 65 — 53 nt. intronu 65 — exon 66

' '

Affan Cahan SULT gRAr ghh gttt Ast AgAYh ALYAL AL L LE TNSAC gR et AAA0AY
ttatattotarattat ghottat gtoyoctyaagtaatt aattttoted

aatCtgat gaagatct gagrattt aagagyyct gage agttagttgctgla
gycttooatgaccasagtagytaattbgotttagtaaccasart agat byt gaagatta
gtasttottoogottaccaacttasancaaygtgyottbooatagyt gaat agaattttt

 Analyza DNA: c.9564-427T>G = inzerce pseudoexonu

356d-54l
5ed-dil

35hed-47l

35ed-26l
35ed-301



Pletencové svalové dystrofie (LGMD)

7 LGMD s AD typem dédicnosti (LGMD1A-G); 25 LGMD s AR typem dédicnosti (LGMD2A-S)

Limb girdle dystrophies: Dominant
1A: Myotilin; 5931; Dysarthria

1B: Lamin A/C; 1921; + Cardiac
1C: Caveolin-3; 3p25; Child onset
1D: DNAJB6; 736

1E: Desmin; 2935

1F: TNPO3; 7932

1G: HNRPDL; 4921

http://mda.org/disease/limb-girdle-
muscular-dystrophy/causes-inheritance

Limb girdle dystrophies: Recessive
2A: Calpain-3 ;15q15

2B: Dysferlin; 2p13

2C: y-Sarcoglycan; 1312

2D: a-Sarcoglycan; 17qg21

2E: B-Sarcoglycan; 4912

2F: 6-Sarcoglycan; 5933

2G: Telethonin; 17q12

2H: TRIM32; 9933

2| (MDDGCS5): FKRP; 19913

2J): Titin; 2924

2K (MDDGC1): POMT1; 9q34
2L: ANO5; 11p14

2M (MDDGCA4): Fukutin; 9931
2N (MDDGC2): POMT2; 14924
20 (MDDGC3): POMGNT1; 1p32
2P (MDDGC9): DAG1; 3p21

2Q: Plectin 1f; 8924

2R: Desmin; 2935

2S: TRAPPC11; 4935

2T: GMPPB; 3p21

2U (Cerebellum small): ISPD; 7p21
2V: GAA; 17925

2W: LIMS2; 2q14

2X: POPDC1; 6G21

2Y: TOR1AIP1; 125

http://neuromuscular.wustl.edu/musdist/lg.html#2a
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LGMD - diagnostika

Pacient s podezfrenim na LGMD?2 — ktery gen analyzovat?

12 3 4 5 6
94 kDa - — —

60 KD - o i S M e i

30 KDQ - s s

Western blot kalpainu-
3; imunohistochemicka
detekce alfa-
sarkoglycanu (kontrola,
pacient s LGMD2D).
(FNB, PAU, Hermanova
M.)

Vybér genl na zdkladé Cetnosti vyskytu mutaci v jinych populacich?

Pocet pacientu s LGMD zaslanych k analyze 218

« LGMD2A, CAPN3, calpain-3; pocet pacientu s mutaci: 71 (32,6%)

 LGMD2I, FKRP, fukutin related protein; pocet pacientt s mutaci: 9 (4,1%)

« LGMD2D, SGCA, alpha-sarcoglycan; pocet pacientl s mutaci: 6 (2,8%)

« LGMD2L, ANO5, anoctamin 5; pocet pacientli s mutaci: 3 (1,4%)

Diagnéza potvrzena u 40,8% pacientu.



LGMD

7 LGMD s AD typem dédicnosti (LGMD1A-G); 25 LGMD s AR typem dédicnosti (LGMD2A-S)

Limb girdle dystrophies: Dominant
1A: Myotilin; 5931; Dysarthria

1B: Lamin A/C; 1921; + Cardiac
1C: Caveolin-3; 3p25; Child onset
1D: DNAIJB6; 7936

1E: Desmin; 2935

1F: TNPO3; 7932

1G: HNRPDL; 4921

http://mda.org/disease/limb-girdle-
muscular-dystrophy/causes-inheritance

Limb girdle dystrophies: Recessive
2A: Calpain-3 ;15q15

2B: Dysferlin; 2p13

2C: y-Sarcoglycan; 13g12

2D: a-Sarcoglycan; 17q21
E: B-Sarcoglycan; 4q12
2F: 6-Sarcoglycan; 5933
2G: Telethonin; 17q12
2H: TRIM32; 9933
2| (MDDGCS5): FKRP; 19913
2J): Titin; 2924
2K (MDDGC1): POMT1; 9q34
2L: ANO5; 11p14
2M (MDDGCA4): Fukutin; 9931
2N (MDDGC2): POMT2; 14924
20 (MDDGC3): POMGNT1; 1p32
2P (MDDGC9): DAG1; 3p21
2Q: Plectin 1f; 8924
2R: Desmin; 2935
2S: TRAPPC11; 4935
2T: GMPPB; 3p21
2U (Cerebellum small): ISPD; 7p21
2V: GAA; 17925
2W: LIMS2; 2q14
2X: POPDC1; 6G21
2Y: TOR1AIP1; 125

http://neuromuscular.wustl.edu/musdist/lg.html#2a
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DNA diagnostika NMD pomoci NGS

» Sequence Capture (SeqCap EZ Choice Library; NimbleGen)
» Cilena sekvenace (MiSeq, NextSeq; lllumina)

NimbleGen SeqCap EZ Protocol
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pgien A Foqeing Adepen:
P + f 3 ¥ ..H.’ it Llﬁ'ﬂﬁh

Mle 3 Hmmmmﬁﬁ

|||||||||||||

e
T:E;”

11111

» Zadani cilovych usekt, design sond

e Priprava knihovny - fragmentace DNA

e Hybridizace fragmentované DNA se sondami s navazanym biotinem

e Vychytani sond s navazanym fragmentem DNA pomoci magnetickych
kulicek s navazanym streptavidinem

 Amplifikace

* Sekvenace



Nemoci zptisobené expanzi mikrosatelitnich repetic

S D1

5'UTRH Coding Region Intron JUTRH
K. Usdin, Genome Res. 2008

K expanzi mikrosatelitnich repetic dochazi v 5 netranslatovanych
oblastech, exonech, intronech, 3 netranslatovanych oblastech.

Spinocerebellar ataxias (SCA12), Spinal Bulbar Muscular Atrophy (SBMA), myotonic dystrophy (DM)



Myotonicka dystrofie typu 1 (MD1)

» Expanze CTG repetice v 3’UTR genu DMPK (19q13, dystrophia
myotonica protein kinase); AD dédicnost

e 38-50repetic: premutace, bez klinickych projevu

e 50-150 repetic: mirna ,,adult-onset” MD1 (katarakta, diabetes, mirna
svalova slabost, myotonie)

e 100-1000 repetic: klasicka MD1

e >1000 repetic: kongenitalni MD1 (respiracni selhani, svalova slabost,
deformity nohou)

» Dynamicka mutace — pocet repetic se muze zvétsovat pfi prenosu do
dalsSich generaci.

http://medgen.ge
netics.utah.edu/ph
otographs/pages/
myotonic_dystrop
hy.htm

http://neuromuscular.wustl
-edu/musdist/pe-eom.htm| http://cnx.org/content/m14898/latest/


http://upload.wikimedia.org/wikipedia/commons/9/95/Myotonic_dystrophy_patient.JPG

Myotonické dystrofie

> MD1

e Expanze CTG repetice v
3’UTR genu DMPK (19q13,
dystrophia myotonica
protein kinase)

e AD dédicnost

» MD2

e Expanze CCTG repetice v 1.
intronu genu CNBP1 (3qg21,
Cellular retroviral nucleic
acid-binding protein)

e AD dédic¢nost

- IEEE

Affected (n=50-40[lﬂ'

Pre-mutation with

no symptoms (n=38-50)'

Unaffected (n=5-37)

CUG Repeats in the 3

J’ Untranslated Region

- 4]

Affected (n=75-11000)

Pre-mutation with no symptoms
{n=22-33) +- intermuptions

Unaffected (n=7-24)

B8 B B R -

CCUG Repeats In the

1st Infron Region




Molekularni patofyziologie MD1 a MD2

e Pacientis MD1/MD2 = exprese genl s
expanzemi CTG/CCTG

e Tvorba jadernych struktur, které obsahuji
RNA s expanzemi CUG/CCUG = misto
vazby RNA-vazebnych proteinti (proteiny
regulujici sestfih mRNA — MBNL1 protein)
=> nedostatek RNA-vazebnych proteint v
mistech jejich fyziologické funkce

e 7Zmeny sestrihu — chloridovy kanal CLCN1,

e 7Zmeny sestrihu mRNA genu CLCN1 =
nedostatek proteinu CLCN1 = myotonie

Myotonic dystrophy is caused by the binding of a protein called Mbnl1 to abnormal RNA repeats. In these two
images of the same muscle precursor cell, the top image shows the location of the Mbnl1 splicing factor (green)
and the bottom image shows the location of RNA repeats (red) inside the cell nucleus (blue). The white arrows
point to two large foci in the cell nucleus where Mbnl1 is sequestered with RNA. Photos by Hongqing Du



Molekularni patofyziologie MD1 a MD2

CUG/CCUG
repeat

Y. Kino, Nucleic Acids Res 2009

Model regulace setrihu CLCN1: 5 konec exonu 7A — lokalizace sekvence exon
splicing enhancer (ESE). MBNL1 se vaze k ESE a potlacuje zarazeni exonu 7A
do mRNA. Pritomnost expanze CUG/CCUG vede k nedostku MBNL1 a
zaClenéni exonu 7A do mRNA. Exon 7A obsahuje predcasny terminacni kodon
= rozklad mRNA procesem nonsense mediated mRNA decay.



Myotonia congenita, CLCN1

(b)

Svalova ztuhlost a neschopnost relaxace svalu po kontrakci

Gen CLCN1 (7q35), muscle chloride channel 1
Mutace spojené s AR i AD typem dédicnosti
Funkcni protein CLCN1- homodimer

ntracellular

Extracellular

a
D. R. Rayan, 2013

Inside cell

Réblova K., PLoS One 2013



Myotonia congenita, CLCN1

» CLCN1: homodimer, kazda podjednotka vytvari Cl- por.

Standardni CLCN1 CLCN1 s mutaci

* Heterozygoti (1 standardni CLCN1/1 mutantni CLCN1) - 25% standardnich
kanall, 25% kanall obsahujicich dvé mutantni podjednotky, 50%
kanalu obsahujicich jednu standardni a jednu mutantni
podjednotku (heterodimer)

 Dominantni MC je zpusobena dominantné-negativhim efektem
mutantni podjednotky vici standarni v heterodimeru



Myotonia congenita, CLCN1

 PTC (predcasny terminacni kodon) mutace — recesivni MC
e Missense mutace — recesivni nebo dominantni MC — souvislost s
lokalizaci v CLCN1 dimerni strukture

* p.(Glu291Lys) — recesivni dédicnost; zména naboje — zavazny efekt na
strukturu proteinu = ,,misfolding” a degradace proteinu

* p.(Glu291Asp) — dominantni dédi¢nost; zachovani negativniho naboje —
mirny efekt na strukturu proteinu, tvorba dimeru, dominantné negativni
efekt mutace v heterodimeru
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je

Réblova K., PLoS One 2013




Facioskapulohumeralni svalova dystrofie, FSHD

e AD dedicnost
e Delece makrosatelitni repetice

D424 v subtelomerni oblasti 4935

e Velikost repetice D4Z4: 3,3 kb
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All
allele §
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FSHD ———— > }—— 4A161
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e Standardni DNA:
11-100 D4Z4
(36-330 kb)

e Pacienti s FSHD:

1-10 D424
(<33 kb)
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* Byly identifikovany dve alelické varianty 4¢35:
49A and 49B

* FSHD je spojena s deleci D4Z4 na chromozomu
4qA (FSHD)




FSHD - epigenetika

> DA4Z4 repetice, 290 CpG dinukleotidd — potenciadlni kandidati
pro metylaci DNA (modifikace DNA asociovana s kondenzaci
chromatinu a umléenim exprese)

> FSHD je spojena se zménami metylace DNA a histonové
modifikace repetice D4Z4.

e Standardni alela: metylace DNA, H3K9me3 (heterochromatin)

* FSHD alela: DNA hypometylace, H3K9me3 |, (modifikace
jsou jen na alele 4q35 s deleci D424)

MLLs, Set1
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Repetice D4Z4 — gen DUX4 (exon 1 a 2). FSHD chromozomy (delece D4Z4 na 4qA) —
exprese DUX4; posledni repetice D424 — prepis DUX4 véetné polyadenylaéniho
signalu (stabilizace mRNA) = protein DUX4 = apoptéza svalovych bunék



FSHD - diagnostika

e Pacienti s FSHD: detekce
fragmentu < 10 repetic D4Z4

(<33 kb)

e Standardni DNA: detekce
fragmentu > 11 repetic D424
(36-330 kb)
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