Facioskapulohumeralni svalova dystrofie

* AD dédic¢nost, incidence 1:20 000, charakterizovana
slabosti a atrofii svalu obliceje, nadlokti a ramenniho

pletence.
| .;' : '; {
* FSHD lokus: subtelomericka oblast 4 chromozomu (4q35). ) :'. ;"J
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Tandemoveé repetitivni sekvence

* Mikrosatelitni repetice: velikosti repetitivni jednotky 1-4 pb,

» Minisatelitni repetice: velikost repetitivni jednotky 5-100 pb,
» Makrosatelitni repetice: velikost repetitivni jednotky >100 pb.

Makrosatelitni repetice

« Vétsina makrosatelitnich repetic je lokalizovana v oblasti centromer.

* Makrosatelitni repetice lokalizované mimo centromery (RNU2, DXZ4, D424, ...).
* D4Z4 - jedina makrosatelitni repetice, ktera je asociovana s chorobou.

Velikost D4Z4 repetice: 3.3-kb
* Normalni DNA: 11-100 D4Z4 (330 kb)
 FSHD pacienti: 1-10 D4Z4 (<33 kb)




* Byly identifikovany dvé alelické varianty
4935 subtelomery (4gA a 4gB), které jsou
podobné zastoupeny v bézné populaci; alela
49A se od alely 49gB liSi pritomnosti beta-
satelitni repetice o velikosti 6,2 kb.

* FSHD je asociovana s deleci repetice
D4Z4 na alele 4gA (delece D4Z4 na alele

evdroe e p 5 % S8 S S885%
chromosome4 | WEUREN NN NN I NN
11-100 units
R AB
Normal ————{ >SS S All
allele ) ‘ D4Z4\ T haplotypes

© 1-10 units

FSHD ———— o ——— 4A161

4qB nezpusobi fenotyp FSHD)!!! oSS -
* Monosomie subtelomery 435 nezptisobi FSHD!!!!!

» Malé procento FSHD pacientl (5%), jsou tzv. ,,phenotypic*“ FSHD
pacienti — nemaji deleci D4Z4 v oblasti subtelomery 4q35!!!
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Schematic map of 4gA, 4gB and 10q. The subtelomere of chromosome 10q contains a repeat array that is highly
homologous to D4Z4 on 4qter. The homology extends both in proximal (~40 kb upstream) and distal direction. In
addition, two allelic variants of the 4q subtelomere have been identified. The presence of beta satellite DNA distal to
D4Z4 on 4gA-type alleles is the most prominent difference between these allelic variants.

J.C. de Greef et al. / Mutation Research 647 (2008)




H3kK4me3 == — H3K27me3

 Cytosine of CpG dinucleotides can be | E&{i g%ﬁ

methylated The presence Of methyl H3K4me), H4K20mel,

Inactive gene H3K%mel, H2BKSmel,

H3K27mel levels

CpG on DNA is associated with o Dmaims

increased chromatin condensation b'%)-'f 4 !

and gene silencing. ; JJ{J/ ?}
« When a promoter region is bt %
methylated, transcription factors cannot &{\K\@”@f({’f{j
bind. On the other hand, the methyl 0 e

binding domain proteins bind : | N, ‘t’ -

specifically to methylated DNA. R 7\ s o
Subsequently, these proteins can recruit § g

histone deacetylases and histone
methyltransferases, resulting in
increased chromatin condensation and
recruitment of the chromatin silencer
heterochromatin protein 1(HP1).

. & ) - . DNA-binding
"\1 Transcribed :I Active 1 Repressive O proteins
&4 DNA methylation ~A- Small RNAs > el

Nature Reviews | Genetics



» Makrosatelitni repetice Ha DNA methy Hy n Methylated DNA -
jsou bohaté na CpG a jsou L%jl ):[]’ . \/‘Jyw‘z/
tak vhodnymi kandidaty pro " SLALSL AL
metylaci DNA. X « Methylation

. . : 5 CpG—E Unmethylated i
D474 repetice obsahuje 3-GpC-5'

290 CpG dinukleotidu. JJ\_/}
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- FSHD pacienti s deleci D424 i ,,phenotypic“ FSHD pacienti maji
shizenou hladinu DNA metylace repetic D4Z4 na chromozomu 4q.
 DNA hypometylace D4Z4 je u ,,phenotypic FSHD" vyraznéjsi a je

pritomna na obou alelach chromozomu 4q, zatimco u FSHD pacientu s
deleci D4Z4 je DNA hypometylace omezena na chromozom 4q s deleci.




* FSHD pacienti s 1-3 D4Z4 maiji vyraznéjsi D4Z4 hypometylaci nez pacienti s 4-10 D4Z4.
» Pacienti s 4-10 D4Z4 vykazuji velkou interindividualni variabilitu hypometylace D4Z4.

* Normalni DNA (11-100 D4Z4) nevykazuje zadny vztah mezi D4Z4 metylaci a po¢tem
repetic D4Z4.

Delece repetic D4Z4 na chromozomu 4B i chromozomu 10q (ij.
delece neasociované s FSHD) jsou taky spojeny s DNA
hypometylaci D4Z4.

— D4Z4 hypometylace je nutna ale ne dostacujici k rozvinuti FSHD
— dalsSi epigenetické faktory a sekvencéni polymorfismy
determinuji rozvoj FSHD.




» Chromatin - DNA, histone proteins and other chromosomal proteins. A major function of
chromatin is packaging of the DNA in the nucleus.

* Histone proteins may undergo several posttranslational modifications (acetylation,
methylation, phosphorylation and ubiquitination).

» Histone modifications may directly affect chromatin structure by preventing transcription
factor binding, altering the interactions between nucleosomes or changing the interactions
of the histone tails with the DNA in the nucleosome. On the other hand, histone
modifications may serve as a site for recruitment of chromatin-associating proteins that
recognize a specific histone code.

- Specific histone modifications seem to be associated with either transcriptional
activation or transcriptional repression. Methylation at lysine residues 4, 36 and 79
of histone H3 has been correlated with transcriptional activation. In contrast,
methylation at lysine residues 9 and 27 of histone H3 and at lysine residue 20
of histone H4 has been linked to heterochromatin and gene repression.
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H3kK4rnel, H4K20mel,

FSHD je asociovana s @ crvegee | foomtiBona
= = - - v . o N A A, | H3K27mel levels
epigenetickymi zménami ‘e imaiaz

- w ; — H3K36me3
chromatinu — DNA metylace, 2y 4/ .

modifikace H3K9me3 el
5 CpG Island Active gene
., , ) 1. H3Kdme3, H3kdme2, g .
- Normalni alela 4935: o\ X
DNA metylace, modifikace H3K9me3 ) G G ¢ W
* FSHD alela s deleci D4Z4:
£
DNA hypometylace, ztrata 8
T

modifikace H3K9me3

* ,phenotypic*“ FSHD pacienti:
DNA hypometylace, ztrata
modifikace H3K9me3
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Nature Reviews | Genetics
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Wﬁ closed chromatin structure
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« protein recruiting DNMT38B

(B)

Deregulation of FSHD candidate genes

= mutated protein not recruiting DNMT3B
Q FSHD candidate protein
) FSHD candidate protein
q inverted D424 repeat unit
e outer nuclear membrance (ONM)
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inner nuclear membrance (INM)
~._ nuclear lamina

[0 DUX4 ORF
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(A) In controls - D4Z4 is packed as
heterochromatin. In patients with FSHD - more
open chromatin structure is induced. Because
of the open chromatin structure in patients with
FSHD, binding of protein(s) to D4Z4 that
normally do not bind may occur. (B) When the
chromatin structure is in a more open
conformation, candidate genes may be
deregulated in cis (upper panel) and the
interaction with tle nuclear envelope may be
disturbed (lower panel).

J.C. de Greef et al. / Mutation Research 647 (2008)




* FSHD pacienti s deleci D4Z4 (4gF) a ,,phenotypic“ FSHD pacienti (PF) -
ztrata modifikace H3K9me3.

 Ztrata modifikace H3K9me3 se vyskytuje u pacientti (4gF i PF) nejen v
oblasti repetice D4Z4 na obou chromozomech 4q ale i v oblasti repetice
D4Z4 na obou chromozomech 10q (na rozdil od DNA hypomethylation,
ktera je asociovana s D4Z4 na chromozomu 4q).

PR
49 s
» Ztrata modifikace H3K9me3 W?f-:_j?ked
. 10q PAAAAAAAAAAAAASS q
v oblasti D474 byla LELRPRPPRSILL

pozorovana u pacientskych
myoblastu, fibroblasty i o=

lymfoblastt — ztrata - EREERTEES shenctypic
modifikace H3K9me3 neni 100 oo )
tkanove specificka.
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* FSHD pacienti — DNA hypometylace a ztrata modifikace H3K9me3 — je DNA
hypometylace urcujici pro ztratu H3K9me3?77??

 Pacientu s ICF (,immunodeficiency, centromere instability and facial
anomalies®) syndromem, mutace v genu kodujicim DNA metyltransferazu 3B
— celkova DNA hypometylace (Cetné D4Z4) — nebyla pozorovana ztrata
modifikace H3K9me3 v oblasti D424 —

 DNA hypomethylace neni nezbytné nutna pro ztratu modifikace
H3K9me3 — ztrata H3K9me3 v D424 spiSe nez DNA hypometylation je

kauzalné spojena s FSHD.
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Ztrata modifikace H3K9me3 v oblasti repetice D474
je asociovana s FSHD — jak ztrata epigenetické
modifikace souvisi se fenotypem svalové
dystrofie?

|dentifikace dvou proteind, které se ve svalovych burikach specificky vazi k D424
obsahujici H3K9me3, heterochromatin binding protein HP1y a kohesin.

Hateroa: brcimatin

!, !' Il B !l cohesin
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“”' Model of the cohesin ring holding sister
HW;\J J J J J chromatids together.

Euchmoamatin

SUV39H1/2 enzymes di- and tri-methylate histone 3. This leads to
binding of HP1 to the histones and formation of heterochromatin.

FSHD Iokus - delece D424 - ztréta modifikace H3K9me3 - ztrata vazby HP1y a kohesinu -
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H3K27me3

D4Z4

Schematic models of chromatin changes in FSHD.
(A) Specific chromatin assembly at D4Z4 and its
loss in FSHD. HP1c and cohesin are co-recruited to
D474 that harbors SUV39H1-dependent H3K9me3
in myoblasts and fibroblasts. In lymphoblasts,
however, despite the presence of H3K9me3, HP1c
and cohesin fail to associate with D4Z4 raising the
possibility that HP1c and cohesin are involved in cell
type-specific chromatin organization and that a
putative cell type-specific factor(s) required for their
recruitment may not be present in lymphoblasts.
Thus, while loss of H3K9me3 at D424 in FSHD has
no consequence at D4Z4 in lymphoblasts, it leads to
abolishment of HP1c/cohesin binding in myoblasts.
(B) Coordinated loss of H3K9me3 on 4q and 10q
D474 in 4qF and PF. H3K9me3 (shown by

black triangles) clustered in the subdomains of D424
repeat regions (distribution hypothetical) in normal
cells is lost in both types of FSHD.

(C) A possible model for the spreading of the
epigenetic change at D4Z4 to other genomic regions
in FSHD. HP1c and cohesin may contribute to the
physical interactions of the heterochromatic D424
region with other genomic regions leading to the
spreading of the silencing effect to putative target
genes in normal cells. In FSHD, the loss of
H3K9me3 (but not H3K27me3), HP1c, and cohesin
from D4Z4 results in loss of chromatin interaction
and derepression of these genes leading to
muscular dystrophy.



__ Nuclear Matrix/Normal Myoblasts |

 Nuclear Matrix/ESHD Patients____|

Genome Res. 2008 18: 39-45

Loop domain organization and
transcriptional control in the 4935
region. MAR - matrix-associated
regions, important for the organization
of DNA into loop domains as part of a
higher order chromatin structure.

(Top) In the presence of an intact
D4Z4 array, the MAR is attached to
the nuclear matrix, protecting the
genes in one chromatin loop from the
enhancing activity of D4Z4 located in
the next loop.

(Bottom) In FSHD, the D4Z4 repeat
array is reduced in size —
delocalizing MAR from the matrix —
the D4Z4 repeat array and upstream
genes reside in a single loop —
inappropriate up-regulation of
adjacent 4935 genes, including
FRG1, FRG2, and SLC25A4.



* Ve shodé s uvedenym modelem byla
detekovana zvySena exprese genu v oblasti
4q35.

» MySi model se zvySenou expresi genu FRG1
vykazoval fenotyp svalové dystrofie. il

Genome Res. 2008 18: 39-45
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Nejnovéjsi vysledky:

FSHD a kontrolni myoblasty - metodou RNA-
DNA FISH analyzovana exprese RNA 16 genu
lokalizovanych v 4935 (metafazni chromozomy,
postupna hybridizace se sondami, které detekuji
1) vznikajici RNA, 2) 4g chromozém (pro
potvrzeni lokalizace analyzované RNA, 3) D4Z4
repetici (rozliSeni mezi alelou normalni a s deleci
D4Z4).

Vysledek: delece D4Z4 nezpusobuje zvySeni
exprese genu lokalizovanych v oblasti 4g35.

European Journal of Human Genetics 2010, 18, 448-456



Molekularné geneticka diagnostika FSHD:
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Genomic map of the facioscapulohumeral muscular dystrophy locus region containing 4qA-defined
and 4qgB-defined 4qter subtelomeres.
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* Pacienti s FSHD:
detekce fragmentu

< 38kb (<10 repetic)

* Kontrola:

detekce fragmentu

> 38kb (11-100 repetic)
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Electrophoresis
of restriction

(~0.5 M NaOH) and

Capillary Weight
force - « Faper towels
f’l = Mermbrane
—- e Gl
L j"— Buffer
Denaturation of DMA,

Sponge

digested DNA blotting
fragments

Yisualization YWashing off
===== unbound probe I

Labelled - - &

marker — - -~ &
— __1.‘ Hybridization with
— Q Hybridized labelled prabena
- fragments

Southern Blot Tray Lid

Southern Blot Tray

= —
)

Filter Paper

Nylon Membrane

Absorbant Paper

Filter Paper Bridge

* Restrikéni stépeni
vysokomolekularni DNA.

* Elektroforetické rozdéleni
nastépené DNA v agarézovém
gelu na zakladé velikosti DNA
fragmentu.

Southern blot:

* Depurinace v 0,25 M HCI (v
pripadé fragmentt DNA vétSich
nez 15 kb).

* Denaturace a fragmentace
DNA (v misté depurinace) 0,5 M
NaOH.

* Alkalicky prenos DNA na
membranu v 0.5 M NaOH
(vazba negativné nabité DNA k
pozitivné nabité membrané) -
rizné moznosti.



Radioaktivni znaceni sondy

Digest with restriction |
{} endonuclease Add label 5 3
e.0. radioactive : =
Apply to individual wells label (%) 3 2
on an agarese gel

denaturation and
l annealing with

] —* random primers
E E E E L il Denature - 3
=E=EE=E High {} by heat — ==
EEEE=E mol.wt
| B BN B i — —
2 R B 1 3 5
 E B B ol v, Klenow Fragmert, exo
7 v dmM TP
B i L
@ Denature in alkall Hybridize to N labaled dMTP
immabilized 2
Apply a nitrocellulose target DNA I —— I ——
or nylon membrane
e e— #

te membrans

Transfer DA 3 g
[ l denaturation

[ 1 Wash off
’ RADAES e — ———
probe DMNA
{} Apply X-ray e — —— .
film

L “ 2 ", DNA tempiate
Develop film me [ANCOM primer

o ===l ]

i)’

» Radioaktivni znacCeni hybridizaéni sondy (fragment DNA, jehoz sekvence je
komplementarni s analyzovanou sekvenci na membrané).

* Hybridizace znaCené sondy s DNA na membrané — vhodna teplota, zajisténi
specificity pro vazbu préby (salmon sperm DNA — blokovani povrchu membrany a
DNA, detergenty — redukce nespecifické vazby).

*  Odmyti nenavazané proby.

» Autoradiografie.
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\ Mobilita délenych &astic
zavisi zejmena na:

| R R R [

FEEEER ?%§§\\'\*§l\*§%§3§§

1) velikosti a tvaru €astic

2) naboji €astic

3) na prostredi — napf. na
hustoté / velikosti péru
prostfedi (koncentrace
agarozy, koncentrace a

hustota zesitovani
polyakrylamidu, na

N\ slozeni a koncentraci elfo
\\\\ pufru)

—

L. 4) na polencialu el. pole

&

4 \ \ (napéti)

5) na teploté




bp ng
1,250 103

ol O

766 L2
FOo &4
e50 Lo
Go0 46

S5 42
B0 a4 RozliSeni elfo Ize regulovat volbou typu gelu (PAGE pro

;‘SE 2; fragmenty do 1 kb, agardza pro fragmenty od 100 bp do 20
kb), a jeho koncentrace (v pfipadé PAGE téz hustotou

300 46 , P .
zesitovani, tj. pomérem AA:BIS).

250 &7

200 107

150 46

100 &9

50 &84

1,8% agarose



Od urcité velikosti
castic se uz prestava
uplathovat zavislost
mobility na velikosti
Castic, vSechny
Castice od této
‘.. .-_u \ velikosti vySe uz

=‘.. putuji stejné

we se - -— e
rychle/stejné daleko.

V pfipadé DNA dojde k
jejimu zapleteni do
gelu a zastaveni

-‘..

(napf. u 1% agarozy je
tento limit asi 20 kb, u
0,6% agarozy asi 30
kb) — tzv. kompresni
zona.

Jak separovat molekuly DNA o velikosti >30kb ?



PULSNI ELFO

Separation of yeast chromosome-sized DNAs by pulsed field gradient gel
electrophoresis David C. Schwartz and Charles R. Cantor
Cell, Volume 37, Issue 1, 67-75, 1984.

ldea: zménou smeru elektrickeho pole umoznit DNA zapletene do vlaken agardzy
preorientovat se ve sméru nového pole a znovu popoijet.
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Fig. 1.1. Voltage Clamping by the CHEF-DR Il system. A. Relative electrode potentials when the + 60°
tield vector is activated. B. Relative electrode potentials when the - 60° field vector is activated.


http://www.cell.com/issue?pii=S0092-8674(00)X0550-8

Step 1:

Q@ — | Wash and —
count cells

B "'-’; B Single-cell suspension

Fresh or frozen cellsftissue

U-shaped trough

Step 2: Step 3: Step 4:
Mix cells with agarose; | —= | Incubate in NDSK | — | Store indefinitely in
pipet into molds buffer for 48 h MNDSK or run gel

K‘ Step 2.5 (optional):
Incubate overnight in

proto/spherosplasting
solution

Custorn acrylic mold

Bactenal 3uspeansien u

§  Mixwith Agarose
Plug Mold

L Chemical Lysis and Washing

[_] ] [_] ; DHA in Plugs

¥ Restriction Enzyme

e E "~ | Electrophoresis (PFGE)

+ Documentation (capture gel image

- Data Analysis

Priprava vzorku DNA pro
PFGE:

v LMP agaroze — bez
pipetovani DNA!!!



| pfi PFGE dochazi ke vzniku kompresni zény — tj. i PFGE ma limit rozliSeni

Rapid and reversible fragmentation of chromosomal DNA into HMW DNA fragments in U937
cells treated with VM-26 and H202.

A B

VM-26 + H202 +
VM-26 reversal H202 reversal

— wells

® [~] H20:2 removal
® |«]4°C, 30 min.
® [~ EDTA, 30 min.

1 =| H20;

s | __ compression
zone

'

— 485kb

U

i T et al. Genes Dev. 1999;13:1553-1560

— 48.5kb

©1999 by Cold Spring Harbor Laboratory Press



48.5 kb —

97 kb —
145.5kb —

194 kb —
242.5 kb —

485 kb —

970 kb —

Sample
wells

d
120 s

b

48 s

16 s

— 48.5kb

— 97 kb

— 145.5kb

" — 194 kb

‘ — 242.5kb

Na ¢em zavisi rozliSeni PFGE:

1)

1)
2)

3)
4)

S)

délka pulsu — ¢im delSi puls, tim
vétSi molekuly se stihnou
preorientovat a mohou se
pohybovat. VétSinou se pracuje s
nékolika riznymi délkami pulsu
nebo s jejich gradientem béhem
doby elfo.

uhel mezi vektory intenzity pole
napéti (Cim vétsi napéti, tim
rychlejSi pfeorientovani molekul)
teplota

koncentrace a EEO agardézy (0,8-
1,2%)

koncentrace a volba pufru (TBE,
TAE)



Lambda Ladder 5. cerevisioe H wingei 5. pombe

Fig. 4.2. A. Lambda ladder (catalog number 170-3635) was separated on a 1.0% Molecular Biology
Certitied Agarose (catalog number 162-0133) gelin 0.5x TBE, recirculated at 14 °C. The run time was 22
hours at 6 V/icm with a 50 to 90 second switch time ramp.

B. Saccharomyces cerevisiae Strain YNN295. (Catalog number 170-3605). Chromosomes were
separated on a 1.0% Pulsed Field Certified Agarose (catalog number 162-0137) gelin 0.5x TBE, recir-
culated at 14 °C. The run time was 24 hours at 6 V/cm with a 60 to 120 second switch time ramp.

C. Hansenula wingei Strain YB-4662-VIA. (Catalog number 170-3667). Chromosomes were separat-
ed on a 0.8% Molecular Biology Certified Agarose gel in 1.0x TAE, recirculated at
14 °C. The run time was 50 hours at 3 Vcm with a 250 to 900 second switch time ramp.

D. Schizosaccharomyces pombe Strain 972 h-. (Catalog number 170-3633). Chromosomes were
separated on a 0.6% Chromosomal Grade Agarose (catalog number 162-0135) gel in 1.0x TAE, recir-
culated at 14 °C. The run time was 72 hours at 2 V/cm with a 20 to 30 minute switch time ramp.



Vysledky molekularné genetické diagnostiky FSHD:

* Pocet pacientti s provedenou analyzou: 209

* Po€et pozitivnich zachytu: 111 (53%)

v v s

NizSi pocCet repetic D4Z4 — nizSi vék nastupu onemocneéni

fenotypova variabilita v ramci jedné rodiny

| P28 P23 NC NC PC P6 NC kb |




