el ofalS ¢ jBall Aaad) cagal)

Aatia Allai

QMN\%JJJ& Jgaall dika g5

-

LUIEY) L ol LY

A
dgana sdaa (g et fAudal)
da el bl g JS
e (e Amala ~alall 41

il ) caas
b dana il /3]
Alaell 5 RSAIEY) L L0 S
adh (e dasla ~cabal) 34

daaa Laad) ae Sl /2
AiLaSl 5 Ay Lia ol 51 e Lo Sliad
o (e daala -l 41

bl 4,1
uads (e daala
Yooy



Acknowledgments

First of all I thank ALLAH for granting me the power to
proceed and accomplish this work,

I would [ike to express my endless gratitude and
appreciation to Prof. Dr. Zeinab Mohamed Tawfik,
Professor of clinical and chemical pathology, Faculty of
Medicine, Ain Shams University. For giving me the honor of
working under her supervision and providing me a lot of
encouragement through out this work and always.

I would like to express my profound gratitude to Dr. Amal
Abdel Hamid Mohamed, Assistant Professor of clinical and
chemical pathology, Faculty of Medicine, Ain Shams
University for her helpful guidance and Kind instructions
during all the work in order to come in this form.

I cannot find adequate words to express my sincere gratitude
to my fami[y, Mum, Sherif, Hanan, Hatem and Noha, for
their continuous help, support and loving encouragement

throughout my study. I really am grateful to my Husband for

his concern, patience and encouragement.



Table

Table
Table ¥

Table ¥
Table ¢

L 1ST OF TABLES

cellular receptor families

Comparison of Oligonucleotide vs.
cDNA Array

Advantages of microarry

Disadvantages of microarry

page
14

AY

A4



LIST OF ABBREVIATIONS

aCML:  Atypical Chronic Myelogenous Leukemia.
ABL.: Acute Biphenotypic Leukemia.
ALK: Anaplastic Lymphoma kinase.
ALL: Acute Lymphoblastic Leukemia.
AML.: Acute Myeloid Leukemia.

AML.: Acute Myeloid Leukemia.

APL: Acute Promyelocytic Leukemia.
ARF: Alternative Reading Frame

ATL: Adult T-cell Leukemia/Lymphoma.
ATM: Ataxia Telangiectasia mutated.
BM: Bone marrow.

BCL: B cell CLL/ Lymphoma.

CBF: Core binding factor.

CBT: Chromosome Banding Technique.

CC: Conventional cytogenetics.
CCD: Cooled charged coupled device camera.
CD: Cluster of Differentiation.

CDK: Cyclin dependant kinase.

cDNA:  Complementary DNA

CGH: Comparative Genomic Hybridization.
CyY: Cyanine-Y.

CLL: Chronic Lymphocytic Leukemia.
CML.: Chronic Myelogenous leukemia.
CMML: Chronic Myelomonocytic Leukemia.
DAPI: Diamino-phenyl Indole.

DF: Double Fusion Test.

DLBCL: Diffuse large B-cell Lymphoma.
DNA: Deoxyribonucleic acid.

DRC: Drug response curve.

ET: Essential thrombocythemia.

ETO: Eight Twenty One.

FAB: French-American-British.

FACS:  Fluorescence Activated Cell Sorter.



FISH:
FITC:
GTP:
HD:
HLS:
HMF:
Hox:

IL:
INK¢a:
JMML.:
MCL.:
MDS:

M-FISH:

MLL:
MM:
MPD:
MRD:
MYC.:
ng:
NF-kB
NPM:
PCR:
PDGF:
Pg:
PHA:
PLL:
PLZF:
PRINSs:
PV:
poy:
RA:
RAEB:

RAEBT:

RARS:

Fluorescence In Situ Hybridization.
Fluorescein isothiocyanate
Guanine nucleotide binding protein.
Hodgikin's disease.
Haematopoietic-lymphoid system.
Hyper Metaphase FISH.
Orphan homeobox gene
Immunoglobulin.
Interleukin.
Inhibitor of kinase ¢
Juvenile Myelomonocytic Leukemia.
Mantle Cell Lymphoma.
Myelodysplastic syndromes.
Multiple Fluorescent In Situ Hybridization.
Myeloid Lymphoid Leukemia.
Multiple Myeloma.
Myeloproliferative Diseases.
Minimal residual disease.
Myelocytoma Gene.
Nanogram.
Nuclear Factor kappa B
Nucleoplasmin.
Polymerase Chain Reaction.
Platelet derived growth factor.
Pictogram.
Phytohaemagglutinin,
Prolymphpcytic Leukemia.
Promyelocytic Leukemia zinc finger.
Primed In Situ Labeling.
Polycythemia vera.
Protein with molecular weight oY,
Refractory anemia.
Refractory anemia with excess blasts.
Refractory anemia with excess blasts
transformation.
Refractory anemia with ringed sideroblasts.

in



Rb:
RCMD:
RNA:

RQPCR:

RT-
PCR:
RXR:
SKY:
SMM:
SMZL:
SSC:
TGF:
TNF:
TRITC:
TSG:
WHO:
WT:

Retinoblastoma.

Refractory cytopenia with multilineage dysplasia.
Ribonucleic acid.

Real time Quantitative PCR.

Reverse Transcriptase PCR.

Retinoic X receptor.

Spectral Karyotyping.

Smoldring Multiple Myeloma.
Splenic marginal zone lymphoma.
Standared saline citrate.
Transforming growth factor.
Tumor necrosis factor,
Tetramethyl rhodamine isothiocyanate
Tumor Suppressor Gene,

World Health Organization.
Wilms' Tumor.



-
-
-
-
-

LIST OF CONTENTS

List of abbreviations
List of Tables
List of Figures

Introduction and Aim of the work
Chapter I: An overview on

Haematological Malignancies

-

-

Classification of Haematological Malignancies
Basic Mechanisms of Haematological
Malignancies
Mechanisms of Gene Abnormality
Molecular and cytogenetic abnormalities
involved in proliferative and apoptotic
imbalance in Haematological Malignancies
Detection of Genetic Abnormalities

Chapter I1: Cytogenetic Analysis
Cell Cycle
Normal and abnormal Chromosomal Features
Conventional Cytogenetic Analysis
Automatic karyotyping
Chromosomal analysis by Flow Sorting
Molecular cytogenetic analysis

- Fluorescent in situ hybridization

- Southern blot analysis

- polymerase chain reaction

- Microarray analysis

Chapter I11: Comparative Genomic

Hybridization

Principle of CGH analysis
Conventional CGH technique
Software requirements
Hardware requirements

'Y

\e

\RY

YA
Y4
Y4
¢ Y
Y
o
o
oo
X
Y
V.
Vv
4

9
qy

Yoy

\'q



e Microarray-based CGH

e Value of CGH analysis in Haematological
Malignancies

e Other Clinical application of CGH

e Advantages of CGH

¢ Disadvantages of CGH

2 Summary and conclusion

>  References

2 Arabic summary

AR
VY

YAA
\RE
'Y,
\YY
\Ye



Figure

Figure (V):
Figure (Y):
Figure (¥):
Figure (£):
Figure (°):
Figure (1):
Figure (V):

Figure (M):
Figure (%):

Figure () +):
Figure ()Y):
Figure (\ ¥):
Figure (\¥):
Figure () ¢):
Figure () ¢):
Figure (\1):

Figure (\V):
Figure (M A):

Figure (V%):
Figure (Y+):
Figure (YY):
Figure (YY):
Figure (YY):

Figure (Y ¢):
Figure (Y¢):

LIST OF FIGURES

Eukaryotic cell cycle

Stages of mitosis

Human chromosomes

Possible Mutations during the cell cycle
Steps for karyotyping

Q-banding metaphase & karyotypes
Chromosome Y: G-banding,
diagram and R-banding

FISH Technique

Detection of balanced or
non-balanced translocation

Spectral karyotyping

Southern Blot Analysis

Steps of PCR technique

Nested PCR

Production of a Genechip

The Use of Oligonucleotide Array
An example of a cODNA Microarray
Experiment

Conventional CGH and Array based CGH
Karyotype showing the ratio profile
between two fluorochromes

FITC image

RITIC image

DAPI, FITIC, TRITC superposition
Chromosomal segmentation
Background correction & karyogram
fluorescence image

CGH karyogram

Array based CGH

Page

Y4
£)
£y
¢o
¢V
O



Aim of the work

AIM OF THE WORK

To overview the role of molecular techniques in
diagnosis of haematological malignancies laying stress on
comparative genomic hybridization.



Introduction:

Cytogenetics has contributed significantly to the
understanding of the genetics of leukemia and lymphoma over
the last ¢+ years. Chromosomal rearrangements result in the
movement of a gene to a new chromosomal location, thus
bringing it under the influence of another gene, which may
control its expression (Grimwade, ¥« ¢ ).

Chromosomal findings are important for the
classification and diagnosis of haematological disorders, even
the outcome of bone marrow transplantation can be determined
by cytogenetics (Harrison and Foroni, ¢« 1),

Chromosomal banding techniques are useful for
identifying chromosomal aberrations and imbalances but are
less helpful for recognizing potentially amplified regions.
Furthermore, this technique requires analysis of metaphases
after cell culture, which is time—-consuming and may select
subclones that had a growth advantages in vitro. Comparative
genomic hybridization (CGH) allows rapid analysis of
chromosomal imbalances without the requirement of cell
culturing and is more reliable than cytogenetic studies for

recognizing potentially amplified regions (Tsukasaki et al.,
Feoo).

Comparative genomic hybridization (CGH) is especially
useful in scanning for deletions and duplications of
chromosome material in cancer cells, where detection of such



alternations may help to predict the severity of the cancer
(Jarosovaetal., ¥« 7).

However, its utility is limited by its resolution and
technical difficulty. Current limits of resolution are Y+ mega
bases () +Mb) for losses and Y Mb for gains, which provides a
starting point for positional cloning but not precise localization
of genes involved in tumor development (Woolf, 7+ «#).

The application of microarray comparative genomic
hybridization has extended from cancer cytogenetics to the
detection of any type of gain/ loss, including the detection of
subtelomeric deletion in patients with unexplained mental
retardation. A further development is array painting, which
extends the concept of reverse painting (Staal etal., '+« 7).

Aim of the study:

To overview the role of molecular techniques in diagnosis of
haematological malignancies laying stress on comparative
Genomic hybridization.
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