Molecular Diagnosis of Myotonic
Dystrophy Type 1 in Egyptian Patients

Thesis

Submitted for the Partial Fulfillment of
Master Degree in Clinical and Chemical Pathology

By

Hoda Abdallah Ahmed Radwan
M.B.B.Ch
Ain Shams University

Supervised by

Professor / Dalia Helmi Farag
Professor of Clinical and Chemical Pathology
Faculty of Medicine, Ain Shams University

Professor / Laila Kamal El- Din Effat
Professor of Medical Molecular Genetics
National Research Centre

Assistant Professor / Eman Saleh EI-Hadidi
Assistant Professor of Clinical and Chemical Pathology
Faculty of Medicine, Ain Shams University

Faculty of Medicine
Ain Shams University
2009



TO MY FATHER

TO MY MOTHER

TO MY HUSBAND

AND TO ALL OF MY DEAR FAMILY



A ¢
Craa ) A A

* 308 YY) alall
Cra Al g
3 9l La g%

adinl) 44 3
dM

(/\°:¢-b«u\l\)



Acknowledgement

I offer my thanks always to ALLAH, for his great
care and guidance in every step of my life and for giving me
the ability to complete this work,

It was a great pleasure for me to be supervised by Dr.
Dalia Helmy Farag, professor of Clinical and Chemical
Pathology, faculty of Medicine, Ain shams University, for
her generous, accurate supervision, also for the helpful

advice throughout this work and great support.

I would like to express my deep gratitude to Dr.
Laila Kamal El-din, Professor of Molecular Genetics,
National Research Centre (NRC), for her continuous
guidance, Rind and diligent supervision.

My appreciation is expressed to Dr. Somaia Ismael,
Assistant  Professor of Molecular Genetics, National
Research Centre (NRC) for her big effort, experience and
support.

I would [ike to express my deepest gratitude and
thanks to Dr. Eman Saleh El-Hadidi, assistant professor of
Clinical and Chemical Pathology, faculty of Medicine, Ain
shams University, for her valuable help, continuous

guidance and effort.



I wish to express my sincere thanks to Dr. Hanan
Hosny Afifi, Professor of Clinical Genetics, National
Research Centre (NR(C), for interpreting clinical data of the
patients, help and valuable guidance.

My sincere gratitude goes to Dr.Yehia Gad, Professor
of Molecular Genetics, National Research Centre (NR(C),
for his valuable comments and help.

I wish to express my sincere thanks to Dr. Khalda
Amr, Assistant Professor of Molecular Genetics, National
Research Centre (NR(C), for her Rind encouragement and

endless patience.

I wish to express my sincere feelings of gratitude and
respects to Dr.Nagia Al Fahmy, Professor of Neurology,
faculty of Medicine, Ain Shams University, for her great
help especially in sample collection phase.

Special thanks and appreciation goes to all staff
members of the Medical Molecular Genetics Department,
National Research Centre who helped me during carrying
out of this work,



Contents

List of Abbreviations .........cccoovvviiiiiiiiiiiiiiiiinnnnn,
Listof Tables........ccooviiiiiiiiiiii e,
List of Figures........coovviiiiiiii i,

GlOSSATY ..ttt

Introduction and Aim of the WorkK.....ccoveeeveierenerereeceennnees
Review of LIteratlre....ceeeeeeeeeeeereeeceseeseeosecosscosscansnns
1-MYOTONIC DYSTROPHY

A Historical Background of Myotonic Dystrophy................
B.Epidemiology of Myotonic Dystrophy .........................
C.Classification of Myotonic Dystrophy ..........................
D.Molecular Genetics of Myotonic Dystrophy Typel (DM1)..
E.Classification and Clinical Features of DM1.................

F.Diagnostic Workup of DM1 ........oooiiiiiiiiiiie,
G. Managementof DM1.............coooiiiiiiee,

I.LMETHODS OF DETECTION OF CTG REPEAT SIZE

A. Polymerase Chain Reaction...................coeviiiiineannn.,
B. Southern Blotting..............ccoiiiii i

Subjects and Method ........ccccveviiiiinniiiiiiinnnnnnnn..
ReSUILS..ciiniiiiiiiiiiiiiiteieeeteeeccmenccecscccesccccannsnne
DT Y (1) | DO P
Summary and Conclusion........c.ccceeeviiiiiniinricnnnnennn.
RecommendationsS....cceeeeeeeeeeeeiinnnneeencneesecececcenee
| 205 (3 () 1 TV L N
Electronic References....c.c.ccceeeeeeeeeeeenaceennnncnenncnnnes
Arabic Summary

Vi

o O1 01

23

33

36
49

52
67
80
88
92
93



R s ssadal Lianl) 55 G pal iy ad) ey il
Q#JM\ ‘;A.AJA-“
e,
Aol 5 ASIEY) L gl A 3 il 3 e pemall Bl

Olgay daal 4i e g /Al

Aal_ally bl (s g SIS

al d) Caas
T8 ala Ldla /) sisal) Ayl
Ailaassll 5 ASICY) L 5l L) i
ol (e daals — Gl 408

e cpall Jlas L/ sisal) Siad)
Adall 2y 3l 451 6 Al
Gl e sall S all
sl mlla Gla) /4 gisal)
bl 5 LAY Lin ol L ae Lse i
e (e daals — bl IS

dall 48
Y9



3'UTR
APS

Bp

CK
CTG
CUG
CUG Bp
D.D. H20
dGTP
DM
DMPK
DMWD
DNA
dNTPs
ECG
EDTA
EMF
EMG
FCGRT

Kb
Mb

List of Abbreviations

The 3' untranslated region
Ammonium persulfate

Base pair

Creatine kinase

Cytosine, thymine, guanine
Cytosine, uracil, guanine

CUG binding protein

Double distilled H20
Deoxyguanosine-Triphosphate
Dystrophia myotonica

Dystrophia myotonica protein kinase
Dystrophia myotonica-containing WD repeat
Deoxyribonucleic acid

Deoxyribo nucleotide triphosphate
Electrocardiogram
Ethylenediaminetetraacetic acid
Electromotive force
Electromyography

Fc fragment of 1gG, receptor, transporter, alpha
Immunoglobin G

Kilo base

Mega base



List of Abbreviations

MBNL Muscle blind like protein

MRNA Messenger ribonucleic acid

PAGE Polyacrylamide gel electrophoresis
PCR Polymerase chain reaction

RNA Ribonucleic acid

SDS Sodium dodecyl sulphate

SIX5 SIX homeobox 5

TAE buffer Tris-acetate-EDTA

Taq Thermus aquaticus

TBE Tri-borate EDTA

TE Buffer Tris-EDTA buffer

TEMED (N, N, N, N-Tetramethylethylenediamine)
uv Ultraviolet

ZNF9 Zinc finger 9



List of Tables

No Title Page

1 | Correlation of phenotype and CTG repeat length in 13
myotonic dystrophy type 1.

2 | Common clinical features and management of 34
DM1

3 | Descriptive data of the different studied parameters 72
in the studied groups.

4 | The distribution of CTG expansions in 20 DM1 72

patients.




List of Figures

No Title Page
1 Autosomal dominant inheritance. 7
2 Cytogenetic location of DMPK gene. 8
3 DMPK gene and protein. 10
4 CTG repeat expansion in the DMPK | 12
gene.

5 Mechanisms  of  pathogenesis in| 21
dystrophia myotonica type 1 and type 2.

6 Myotonic response on percussion of the | 24
thenar muscles.

7 Infant with the congenital form of | 30
myotonic dystrophy.

8 Steps in one cycle of the polymerase | 43
chain reaction.

9 Diagram of the PCR process for three | 44
cycles.

10 | Preparation of agarose gel. 46
11 | Verification of the PCR product on gel. 47
12 | Polyacrylamide Gel (loading, running| 48

and staining).

13 | Step-by-step diagram of Southern blot| 51

technique.




List of Figures

14 | Polymerization of polyacrylamide gel| 64
between two plates.

15 | The gel apparatus. 65

16 | Pedigree Analysis of Family 1. 73

17 | PAGE illustrating the analysis of DMPK | 74
in family 1 and normal controls.

18 | Pedigree Analysis of Family 2. 75

19 | PAGE illustrating the analysis of DMPK | 76
in family 2 and normal controls.

20 | PAGE illustrating the analysis of DMPK | 77
in DML patients and normal controls.

21&22 | PAGE illustrating the analysis of DMPK | 78&79

In cataract patients.




Glossary

3" Untranslated

The part of the mRNA which lays between the

Region signal for the termination of translation (the stop
codon) and the poly A tail.
Allele Alternative form of a genetic locus; a single allele

for each locus is inherited from each parent (e.g., at
a locus for eye color the allele might result in blue
or brown eyes). In an individual, one form of the
allele (the dominant one) may be expressed more

than another form (the recessive one).

Amplification

Any process by which specific DNA sequences are
replicated disproportionately greater than their

representation in the parent molecules.

Annealing A process where the forward and reverse primers
anneal to separated DNA template strand.

Autosome Any chromosome that is not a sex (X or Y)
chromosome.

Base pair (bp) The fundamental unit of a double stranded DNA

molecule, (more strictly-a nucleotide pair). Two
nitrogenous bases (adenine and thymine or guanine
and cytosine) held together by weak bonds. Two
strands of DNA are held together in the shape of a

Vi




Glossary

double helix by the bonds between base pairs.

Chromatin

Is the complex combination of DNA, RNA, and
protein that makes up chromosomes. It is found
inside the nuclei of eukaryotic cells, and within the

nucleoid in prokaryotic cells.

Chromosome

The self-replicating genetic structure of cells
containing the cellular DNA that bears in its
nucleotide sequence the linear array of genes. In
prokaryotes, chromosomal DNA is circular, and

the entire genome is carried on one chromosome.

Cloned DNA

Any DNA fragment that passively replicates in the
host organism after it has been joined to a cloning

vector.

Cloning

The experimental process of making genetically

identical copies.

Codons

In DNA or RNA, a sequence of three nucleotides
that codes for a certain amino acid or signals the

termination of translation.

Congenital

Any trait present at birth, whether the result of a

genetic or non-genetic factor.
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Glossary

Cytogenetics

The study of chromosomes.

Deletion

A mutation in either RNA or DNA in which one or
more nucleotides are removed from the

polynucleotide strand.

Denaturation

The separation of double stranded DNA into single

stranded DNA by heat or chemical means.

DNA

The molecule that encodes genetic information.
DNA is a double stranded molecule held together
by weak bonds between base pairs of nucleotides.
The four nucleotides in DNA contain the bases:
adenine (A), guanine (G), cytosine (C), and
thymine (T). In nature, base pairs form only
between A and T and between G and C; thus the
base sequence of each single strand can be deduced

from that of its partner.

Domain

A discrete portion of a protein with its own
function. The combination of domains in a single
protein determines its overall function. A folded
region of a polypeptide chain that varies in size
from about 40 to 400 amino acid residues.

Downstream

Describing a location or a sequence of units in the

direction in which a process occurs i.e. sequence
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