i bl | |
@ ASUNET
dmalal) cila glaal) A8l




@ SU o
Wld\uu‘gh.did&u

Cunity il | ) Gl | o
@ ASU NET

Ao Sy 3258 385




e | o el |
@ ASUNET

dmalal) cila glaal) A8l

il i et

a8 g jSaall g (5 9S85 5
-

Lebiausi g L g a3 A1) Balal) O audied) Al sl
Sl il A ¢y 98 ) 3B 2DEY) oda e

Ll e oy ad8Y) oda Jadas
% 40-20 (A dyghygdasia 20 — 15 Gaduladan

To be kept away from dust in dry cool place of
15 — 25¢ and relative humidity 20-40 %




dmalal) cila glaal) A8l

ity |y Qe | S
@ ASUNET

FlL o,
i LAY




dmalal) cila glaal) A8l

ity |y Qe | S
@ ASUNET

Sloe Yl |
J—ed 55




The Clinical Use of Cytogentics in Hematological
Malignancies and Related Disorders

THESIS

Submitted for Partial Fulfillment of Master Degree in Internal
Medicine

By

Hesham Kamal Habeeb
M.B.B.Ch.

Supervisors

Dr. Iglal Mohamed Shawky Hamed
Prof. of Internal Medicine
Dean of Faculty of Nursing
El-Minia University

Dr. Amr Mahmoud A. Abd-El-Wahab
Prof. of Internal Medicine
El-Minia University

Dr. Esam Ahmed El-Gendy
Assistant Prof. of Gynecology and Obstetrics
El-Minia University

El-Minia University
2000

B
AN




ACKNOWLEDGMENTS

First of all, | offer my endless thanks to the Merciful God, the creator of
all, and the source of every knowledge and sciences.

| would like to express my profound gratitude to Or. /glal Mohamed
Shawky Hamed, Professor of Internal Medicine , El-Minia University, for her
valuable supervision, enthusiastic help, encouragement, and ever lasting
humanity.

To Dr. Amr Mahmoud Ahmed Abd-El-Wahab, Professor of Internal
Medicine , El-Minia University, | would like to express my sincere feeling of
gratitude and indebtedness, for his kind guidance and valuable advice.

| would like to offer my deepest thanks and cordial appreciation to Jr.
Esam Ahmed Fl-Gendy, Professor of Obstetric and Gynecology, El-Minia
University, for his unlimited patience, and generous help as without his
peerless elforts , this work would never come to light.

| am deeply grateful to Or. Wafaa Aref, Professor of Pathology , El-
Minia University, for her invaluable advice and  support, meticulous
supervision and great assistance.

| owe great thanks to Or. Mohamed Emad Abd-El-Fattah , Lecturer
of Internal Medicine, for his valuable advice and support.



Contents

Page
Introduction:
Chromosomal abnormalities .......................... 1
Etiology ..., 12
Classification:
Acute leukemias .. s s e e v s gy G
Myeloproliferative dlsmders NS | SR .. | |

Lymphoproliferative dlsorders..... 5.5 5 o ssstmacem smmmonamens. 100D
Multiple myeloma..........................c0 e, 718
Myelodysplastic syndlomes PR . 1.

Molecular basis of leukemia and lymphoma ... 97
Clinical application of molecular information . 109
Detailed information of of common cytogenetic
abnormalities
11g23 abnormalities .......................................... 114
Inversion 16.......... .o 133

Translocation 8;21... ... 135
Translocation 15,17 ... ...,

Aim of the work ......... ... ... . . .. . . .

Materials and Methods

Results

References ...

Arabic Summary







CHROMOSOME ABNORMALITIES (Mueller and young,1998)

Chromosme abnormalities can be divided into numerical and
structural, with a third category consisting of different chromosome

constitutions in two or more cell lines (Table 1)

“Table 1 Types of chromosome abnormality
Numerical

Aneuploidy -Monosomy
-Trisomy
-Tetrasomy

Polyploidy -Triploidy
-Tetraploidy

Structural

Translocations -Reciprocal
-Robertsonian

Deletions
Insertions

Inversions -Paracentric
-Pericentric

Rings

Isochromosomes

Different cell lines (mixoploidy)
Mosaicisim
Chimaerism

NUMERICAL ABNORMALITES

Numerical abnormalities involve the gain or loss of one or more
chromosomes or what is known as aneuploidy or the addition of one
or more complete haploid complements or polyploidy.Loss of a single
chromosome results in monosomy.Gain of one or two homologous

chromosomes is referred to as trisomy and tetrasomy respectively.

Trisomy

The presence of an extra chromosome is referred to as trisomy.Most
cascs of Down’s syndrome are due to the presence of an additional
number 21 chromosome,hence Down’s syndrome is often known as
trisomy 21.0ther autosomal trisomies which are compatible with
survival. to term are Patau’s syndrome (trisomy 13) and Edwards’

syndrome (trisomy 18) .Most other autosomal trisomies result in early




pregnancy loss with trisomy 16 being a particularly common finding
in first trimester spontaneous miscarriages.The presence of an
additional sex chromosome (X or Y) has only mild phenotypic effects .
Trisomy 21 is usually caused by failure of separation of one of the
pairs of homologous chromosomes during anaphase of maternal
meiosis [.This failure of the bivalent to separate is called non-
disjunction.Less often,trisomy can be caused by non-disjunction
occurring during meiosis II when a pair of sister chromatids fail to
separate.Either way the gamete receives two homologous
chromosomes (disomy), and if subsequent fertilization occurs a

trisomic conceptus results .

The origin of non-disjunction

The consequences of non-disjunction in meiosis I and meiosis II
differ in the chromosomes found in the gamete.An error in meiosis I
leads to the gamete containing both homologues of one chromosome
pair.In contrast,non-disjunction in meiosis II results in the gamete
receiving two copies of one of the homologues of the chromosome
pair.Studies using centromeric DNA markers have shown that most
children with an autosomal trisomy have inherited their additional
chromosome as a result of non-disjunction occurring during one of
the maternal meiotic divisions (Table 2).Centromeric markers have to
be used for these studies as the use of markers on either chromosome
arm can give misleading results due to recombination.

Non-dijunction can also occur during an early mitotic division in
the developing zygote.This would,however,result in the presence of two

or more different cell lines,a phenomenon known as mosaicism .




The cause of non-disjunction

The cause of non-disjunction is uncertain.The most favoured
explanation is that of an ageing cffect on the primary oocyte which
can remain in a state of suspended inactivity for up to 50 years .There
is a well-documented association between advancing maternal age
and increased incidence of Down’s syndrome A maternal age ellect
has been noted for trisomies 13 and 18. 7

[t is not known how or why advancing maternal age predisposes to
non-disjunction.Research has shown that absence of recombination in
prophase of meiosis I predisposes to subsequent non-disjunction.This
is not surprising as the chiasmata which are formed alter
recombination are responsible for holding each pair of homologous
chromosomes together until subsequent separation occurs in
diakinesis.However in the female recombination occurs before birth
whereas the non-dijunctional event occurs any time between 15 and
50 years later.This suggests that at least two factors can be involved
in causing non-disjunction,the first being an absence of
recombination between homologous chromosomes in the fetal ovary
and the second an abnormality in spindle formation many years
later.An alternative explanation for the association of advancing
maternal age with increased risk of autosomal trisomy is that survival

ol trisomic embryos could be the result of an age-related reduction in




immunological completence.Firm  evidence for this theory is

limited.Other factors which have been implicated in causing non-
disjunction include radiation and delayed fertilization alter
ovulation.In animals it has been shown that an increased incidence of
ancuploid embryos can result from lengthening of the interval between
ovulation and fertilization.lt has been suggested that this could
account for the relationship between maternal age and the incidence
ol Down’s syndrome,as with increasing age intercourse is likely to
occur less frequently,with delayed fertilization therefore being more
likely.The story is further complicated by the fact that in some species
such as Drosophila,non-dijunction is under genetic control.This could
account for those occasional families which seem to be prone to

recurrent non-disjunction.

Monosomy

The absence of a single chromosome is referred to as
monosomy.Monosomy for an autosome is almost always incompatible
with survival to term,with the possible exception of a few very rare
reported cases of monosomy 21.Absence of an X or a Y chromosome
results in a 45X karyotype which causes a condition known as
Turner’s syndrome .

As with trisomy,monosomy can also result from non-disjunction in
meiosis.If one gamete receives two copies of a homologous
chromosome (disomy), the other corresponding daughter gamete will
have no copy of the same chromosome (nullisomy).Monosomy can also
be caused by loss of a chromosome as it moves to the pole of the cell

during anaphase,an event known as anaphase lag.

Polypoidy

Polyploid cells contain multiples of the haploid number of
chromosomes such as 69,triploidy,or 92, tetraploidy.In humans
triploidy is found relatively often in material grown from spontaneous

miscarriages but survival beyond mid-pregnancy is rare.Only a few




triploid live births have been described and all have died soon after

birth.

Triploidy can be caused by failure of a maturation meiotic divison in
ovum or sperm,leading,for example ,to retention of a polar body or to
the formation of a diploid sperm.Alternatively it can be caused by
fertilization of an ovum by two sperm: this is known as
dispermy.When triploidy results from the presence of an additional set
of paternal chromosomes,the placenta is usually swollen with what
are known as hydatidiform changes. In contrast when tripliody results
from an additional set of maternal chromosomes, the placenta is
usually small. Triploidy usually results in early spontaneous

miscarriage .

STRUCTURA1I ABNORMALITIES

Structural chromosome rearrangements result from chromosome
breakage with 2 subsequent reunion in a different configuration.They
can be balanced or unbalanced.In balanced rearrangements the
chromosome complement is complete with no loss or gain of genetic
material.Consequently,balanced  rearrangements are  generally
harmless with the exception of rare cases in which one of the
brealkpoints damages an important functional gene.However,carriers
of balanced rearrangements are often at risk of producing children
with an unbalanced chromosomal complement.

When a chromosome rearrangement is unbalanced the
chromosomal complement contains an incorrect amount of

chromosome material and the clinical effects are usually very severe.

Translocations

A translocation refers to the transfer of genetic material from one
chromosome to another.A reciprocal translocation is formed when a
break occurs in each of two chromosomes with the segments being
exchanged to form two new derivative chromosomes.A Robertsonian

translocation is a particular type of recipocal translocation in which

n




the breakpoints are located at or close to the centromeres of two

acrocentric chromosomes

Reciprocal translocations

A reciprocal translocation involves breakage of at least two non-
homologous chromosomes with exchange of the fragments.Usually the
chromosome number remains at 46,and if the exchanged fragments
are of roughly equal size, a reciprocal translocation can often only be
identified with detailed chromosomal banding studies or FISH.In
general reciprocal translocations are unique to a particular
family,although,for reasons which are unknown,balanced reciprocal
translocations involving the long arms of chromosomes 11 and 22 are
relatively common.The overall incidence of reciprocal translocations in

the general population is approximately 1 in 500.

Risks in reciprocal translocations

When  counsclling o carrier ol a balanced translocation it is
necessary to consider the particular rearrangement to determine
whether it could result in the birth of an abnormal baby.Usually this
risk will liec somewhere between 1% and 10% .For carriers of the 11;22

translocation discussed,the risk has been shown to be 5%

Robertsonian translocations

A Robertsonian translocation results from breakage of two
acrocentric chromosomes (numbers 13,14,15,21 and 22) at or close to
their centromeres,with subsequent fusion of their long arms.s This is
also referred to as centric fusion.The short arms of each chromosome
are lost,this being of no clinical importance as they contain only genes
[or ribosomal RNA for which there are multiple copies on the various
other acrocentric chromosomes.The total chromosome number is
reduced to 45.Since there is no loss or gain of important genetic
material this is a functionally balanced rerrangement.The overall

incidence ol Robertsonian translocations in the general population is




