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Title: the dean of college of science

diminavy

The present work comprised molecular genetic analysis of four types of
leukemia, Acute Lymphoid leukemia (ALL), Acute Myeloid Leukemia
(AML), Chronic Lymphoid Leukemia (CLL) and Chronic Myeloid Leukemia
(CML).

Samples of blood were obtained from 65 Syrian patients affected with one of
the four types of leukemia, admitted to Al-Bairuni University Hospital and
Al-Assad University Hospital.

The Wizard Promega kit was found suitable for DNA isolation from
leukemia patients and normal individuals. By this method suitable quantities
of DNA approximately (100 — 600 ng) were obtained from 300 ul of whole
blood. The purity of isolated DNA ranged from (1.7 - 1.9). However only 45
patients of the total number of leukemia cases gave good yield of DNA. The
rest of cases were distributed between ten cases showed clotted blood, and ten

cases showed low W.B.C count with low DNA vyield.

RAPD-PCR analysis was carried out with 22 different arbitrary primers of
decamer oligonucleotides. These primers were evaluated for their usefulness

in detecting DNA polymorphism among leukemia patients. The study
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involved  optimization for RAPD reaction for DNA template, primer

concentration and run program. The obtained results were as following :

A- Thirteen primers showed no amplified products in all normal

individuals and leukemia patients.

B- Nine primers amplified genomic DNA in the normal individuals and
leukemia patients with different efficiencies. The generated DNA
fragments (when using these primers) were scored by their presence
or absence and the differences in their molecular weight across the
normal individuals and leukemia patients. The total number of
amplified bands generally ranged between (1 - 15) and the
molecular weights varied between (95 — 3162) bp according to the
primer used. The minimum number of amplified bands was one
band which was observed when using primers OPB-18 and OPZ-
02; on the other hand the highest number of bands were (15) bands
which were observed when using primer OPJ-05. The lowest
molecular weight of amplified band was 95 bp which was obtained
with primers OPB-15 and OPJ-05, and the highest molecular weight
of amplified band was 3162 bp which was obtained with primer
OPA-09.

C- In addition it was possible to observe decrease or increase in the
relative intensities of the bands amplified from the genomic DNA of

leukemia patients as compared with normal DNA.

D- Among the leukemia patients tested, 37.8% of patients showed the
highest DNA polymorphism because they were detected by nine
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primers used in this study. 48.8% of patients were detected by eight
primers, 8.9% of patients were detected by seven primers and 4.5%

of patients were detected by six primers.

E- The ability to detect genetic alteration by each primer was variable,
the highest value of efficiency was shown by primer OPB-17
(0.059), whereas primer OPE-05 showed the lowest value (0.016).

F- The study had shown that genetic instabilities were frequent in
genomic DNA of leukemia patients and could be detected by
using suitable RAPD primers, e.g. primer OPA-09 could be used
as a marker for detection of ALL and CLL patients. Primers
OPB-17 and OPW-17 gave a specific band in all AML patients
which was absent in normal individuals and other leukemia
patients. On other hand, primer OPW-17 gave another specific
band in AML and CLL patients, while, it was absent in normal
individuals and other leukemia patients. Whereas, primers OPB-
15 and OPW-17 showed another specific band which was present
in normal individuals and in other leukemia patients, but was lost
in AML patients. The result of primer OPZ-02 showed a specific
band was present in normal individuals, and in all leukemia

patients, however in CML patients was lost .

G- Primer OPJ-05 could amplify specific band in normal male
individuals but it could not amplify this band in normal female

individuals.
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RAPD-PCR analysis was applied to investigate polymorphism in DNA
methylation of CML leukemia patients and normal individuals. The
results of digested genomic DNA with Hpall and Mspl showed clear
differences in the methylation of the genomic DNA of the CML
patients and normal individuals, suggesting variation in the proportion
and pattern of methylated and unmethylated CGs. The results revealed
differences in banding patterns which include: banding shifts , missing

bands and / or banding intensity changes
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Introduction

Cancer is a disorder of cell growth that lead to invasion and distraction of
healthy tissue by abnormal cells. Although cancer has affected human since
early time, it was a rare disease until the twentieth century. Cancer now ranks

second only to heart disease as a major cause of death in the world (Sinclair et

al., 2000; Jemal et al., 2007).

One of the common cancers in human is leukemia. In this regard leukemia is
considered as neoplastic proliferation of leukocyte precursor in the bone
marrow. Leukemia are grouped by the type of white blood cell affected
(either lymphoid cells or myeloid cells) and by the rate of cell growth (either
acute or chronic). Acute leukemia involves an overgrowth of very immature
blood cells and get worse quickly, whereas chronic leukemia involves an
overgrowth of mature blood cells and get worse slowly (Hoffbrand et al.,

2002). There are four types of leukemia:
1- Acute lymphoblastic leukemia (ALL): accounts for about 3 - 4 new
cases / 100,000 per year. It is the most common type of leukemia in

young children (Pui et al., 2004; Cardinez et al., 2006).

2- Acute myeloid leukemia (AML): accounts for about 7.4 new
cases/100,000 per year. It occurs in both adults and children
(Lowenberg et al., 1999; Cardinez et al., 2006).

3- Chronic lymphoid leukemia (CLL): accounts for about 7.5 new cases
per 100,000 each year. Most often, people diagnosed with the disease
are over age 55. It almost never affects children (Kipps, 2000; Cardinez

et al., 2006).

81

——
| —



Chapter Three Results and Discussion

4- Chronic myeloid leukemia (CML): accounts for about 3 new cases per
100,000 each year. It affects mainly adults (Goldman and Melo, 2003;
Cardinez et al., 2006).

Recent studies indicated that the initiation and progression of cancer is due to
accumulation of genetic alteration and to epigenetic changes (Hahn and

Weinberg, 2003).

The genetic alterations include mutations in three groups of genes. The first
group, called proto-oncogenes which produce protein products that normally
enhance cell division or inhibit normal cell death. The mutated forms of these
genes are called oncogenes (Croce, 2008). The second group, called tumor
suppressors which make proteins that normally prevent cell division or cause
cell death (Payne and Kemp, 2005). The third group contains DNA repair
genes, which help to prevent formation of mutations that lead to cancer

(Sieber et al., 2003).

Epigenetic changes which include DNA methylation that modify the DNA
without altering the native nucleotide sequence (Jones and Baylin, 2002). The
role of DNA methylation in oncogenesis has been explained by one or more
mechanisms. Firstly, tumor suppressor genes and DNA repair genes can be
inactivated by hypermethylation of CpG islands in promoter regions (Herman
and Baylin, 2003). Secondly, activation of oncogenes due to hypomethylation
(Nephew and Huang, 2003; Ducasse and Brown, 2006).
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The identification of genes and pathways involved in tumor initiation and
progression will not only enhance our understanding of the biology of this
process, it will also provide new targets for early diagnosis and facilitate
treatments' design. Genomic approaches have proven to be effective in

detecting chromosomal alterations and identifying disrupted genes in cancer

(Garms et al., 2004).

The technique of polymerase chain reaction (PCR) (Saiki et al., 1985) has
been extensively utilized for the detection and characterization of mutations
associated with tumor development (Boultwood and Fidler, 2002). RAPD-
PCR is one of the techniques that has benefited from the advent of the PCR
(Williams et al., 1990). The RAPD method can simply and rapidly detect
genetic alterations in the entire genome without knowledge of specific DNA
sequence information (Papadopoulos et al., 2002). Recently, the RAPD
method was used as a mean for identifying the genetic alterations in human
tumors and revealed that genetic alterations occurred frequently in different
kind of tumors (Wang et al., 2001; Wang et al., 2002 ), for example, lung
cancer (Ong et al., 1998), squamous cell carcinoma of the head and neck
(Maeda et al., 1999), brain tumor (Dil-Afroze et al., 1998) , ovarian cancer
(Sood and Buller, 1996), breast cancer (Papadopoulos et al., 2002; Singh and
Roy, 2001), hepatocellular carcinoma (Xian et al., 2005; Zhang et al., 2004)
or human aberrant crypt foci and colon cancer (Luo and Pretlow, 2003).
RAPD-PCR analysis has been also applied in other aspects of cancer research
(Navarro & Jorcano 1999); for example, detection of DNA damage and
mutation (Atienzar et al., 2002); genotoxicity and carcinogensis studies
(Atienzar & Jha 2006), and identifying novel DNA amplifications (Garnis et
al., 2004) in lymphoma (Scarpa et al., 2001) and in leukemia (Odero et al.,
2001).
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There are various methods which have been developed to detect DNA
methylation in genomic DNA. These methods can be divided into two groups:
firstly, using methylation-sensitive restriction endonucleases, and secondly,
using bisulfite modifications of cytosine (Clark et al., 1994). The former is
based on the principle that methylation-sensitive restriction endonucleases
cannot cut methylated DNA, in this respect; methylation-based polymerase
chain reaction (PCR) assays are included in this group (Singer-Sam et al.,
1990). Methylation-sensitive arbitrarily primed PCR (MS-AP-PCR) is a
simple and rapid method that can be used to screen for methylation changes in
normal and tumor DNA. The method is based on the digestion of genomic
DNA with methylation sensitive enzyme (such as Hpall), and then arbitrarily
amplified using random primers. Similarly, the same DNA is digested with
isoshizomer Mspl, which digests both methylated and unmethylated DNA,
and then DNA amplified by the same above mentioned primers. After
separation on agarose gel, a band present in Hpall digested DNA but missing
from the Mspl digested DNA indicates the DNA fragment containing
methylated Hpall sites (Liang et al., 2002; Gonzalgo et al., 1997).

84

——
| —



Chapter Three Results and Discussion

The aim of study

The purpose of the work is to study the molecular genetic polymorphism of
leukemia patients and to investigate the possible use of RAPD-PCR analysis

in detection genetic and epigenetic variation in leukemia patients.
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1.1 Cancer

Cancer has afflicted humans throughout recorded history. The oldest
description of cancer was discovered in Egypt and dates back to
approximately 1600 B.C. The origin of the word cancer is credited to the
earliest medical scientists such as Hippocrates, Galen and Paracelsus who
described cancer as a crab like uncontrolled growth, hence the name (Thomas,
2006). Cancer is the second leading cause of death in the world, a total of
1,444,920 new cancer cases and 559,650 deaths for cancers are projected to

occur in the United States in 2007 (Jemal et al., 2007).

Cancer develops through a multi step process in which normal , healthy cells
in the body go through stages that eventually change them to abnormal cells
that multiply out of control. In most cases, cancer takes many years to
develop. In cancer cells the normal control systems that prevent cell
overgrowth and the invasion of other tissues are disabled (Lodish et al.,
2003). These altered cells divide and grow in the presence of signals that
normally inhibit cell growth; therefore, they no longer require special signals
to induce cell growth and division. As these cells grow they develop new
characteristics, including changes in cell structure, and production of new
enzymes. Such changes allow the cancer cells to spread and invade other

tissues (Yeang, 2001).

The abnormalities in cancer cells usually result from mutations in protein-
encoding genes that regulate cell division (tumor suppressor genes and proto-
oncogenes) (Hahn and Weinberg, 2003), thus over time more genes become

mutated. This is often because the genes that make the proteins that normally
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repair DNA damage are themselves not functioning normally because they are
also mutated. Consequently, mutations begin to increase in the cell, causing
further abnormalities in that cell and the daughter cells. This enhanced growth
describes most cancer cells, which have gained functions repressed in the

normal, healthy cells (Hanahan and Weinberg, 2000).

Recent studies have also highlighted the importance of epigenetic alterations
of certain genes that result in the inactivation of their functions in some
human cancers, Like transcriptional silencing of tumor suppressor genes,
DNA repair genes, and metastasis inhibitor genes. These aberrations lead to
the abnormal behavior common to all neoplastic cells (Jones and Baylin,

2002; Nephew and Huang, 2003; Ducasse and Brown, 2006).

1.2 Leukemia

Leukemia is a cancer of blood. The term itself was first used over a century
ago by a German physician called Rudolf Virchow in 1859 , who observed
that some patients seemed to be affected by a condition leading to 'weisses
blut' ( German for 'white blood', later translated into Greek as 'Leukemia').
The term 'white blood' was used because at that time it was thought that the
high number of white blood cells in the blood actually made the blood appear
to be white. Although this was later shown to be untrue, the term 'leukemia’

continued to be used to describe this disease (Goldman et al., 1999).

Leukemia is a neoplastic proliferation of leukocyte precursor in the bone
marrow, usually recognized in blood smear by the presence of many abnormal
white blood cells. The neoplastic cells will take nutrition from normal

hematopoietic tissue and grow more rapidly than normal bone marrow cells.
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As a result the production of normal bone marrow elements will be decreased
and eventually will be displaced by the cancerous cell line. This is an
important consequence such as decrease in the normal red blood cells
(R.B.Cs) production which leads to anemia. Decrease in the normal white
blood cells (W.B.Cs) production will make the patient more susceptible to
infections and bleeding due to not enough platelets available to produce

homeostatic plugs (Hoffbrand et al., 2002).

The neoplastic cell escape into blood (like normal leukocyte) where they may
be very numerous will pave the way for their infiltration into various other
tissues producing general organ enlargement or less commonly tumor masses,
most of the clinical effects of leukemia are due to tissue infiltration or to
interference with normal marrow function by the proliferation of neoplastic

leukocyte (Mackie et al., 1999).

1.3 Classification of Leukemia

Leukemia is classified into two major types, acute and chronic leukemia, each

of the two major types is further subdivided into lymphoid and myeloid.

Acute leukemia are usually aggressive diseases in which the malignant
transformation causes accumulation of early bone marrow haemopoietic
progenitors, called blast cells. The dominant clinical feature of these diseases
1s usually bone marrow failure caused by accumulation of blast cells, although
tissue infiltration also occurs. If acute leukemias are untreated, then these
malignancies are usually rapidly fatal, but, they are also easier to cure than

chronic leukemias. The chronic leukemia are distinguished from acute
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leukemia by their slower progression and the neoplastic cells are more mature

(Hoffbrand et al., 2002).

1.3.1 Acute Lymphoid Leukemia (ALL)

Acute lymphoblastic leukemia is caused by accumulation of lymphoblasts and
i1s the common malignancy in childhood. There are three subtypes of ALL
(L1, L2 and L3) according to French-American-Britain (FAB) classification
on the basis of morphology of cells (Table 1 - 1). It accounts for 80% of all
childhood leukemia and its incidence is highest at the age of 3 - 7 years,
falling off by age of 10 years. This type of leukemia is most usual in children
and has an equal sex incidence. 70-80% of children can be expected to be
cured, whereas in adults this ratio is decreased to less than 5% over the age of
65 years (Hoffbrand et al., 2002). The incidence of ALL is 3 - 4 new cases /
100,000 children per year and one death case per 100,000 (Cardinez et al.,
2006). The disease is characterized by abnormalities of the lymphoid cell
precursor leading to an excessive accumulation of lymphoblasts in the
marrow and other organs, particular spleen and liver (Pui et al., 2004).
Hepatomegaly and splenomegaly are due to leukemia infiltration and are
present in approximately one-half to three-fourth of patients with ALL. The
common manifestations of ALL are anemia, neutropenia, thrombocytopenia
and pain of the bones (Xinias et al., 2005). It is worth to mention that
Philadelphia chromosome is found in 95% of CML patients, it is also found in
5 percent of children and in 15 to 30 percent of adults with acute lymphoid
leukemia. The other more frequent chromosomal abnormality are t (1 ; 14), t

(8;14),t(11;14)and t (7 ; 9) (Specchia et al., 1995).
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Table (1 — 1): The French-American-Britain (FAB) classification of ALL
(Hoffbrand et al., 2002).

Morphology

Blast cells small, uniform high nuclear to cytoplasmic ratio.

Blast cells larger, heterogeneous, lower nuclear to

cytoplasmic ratio.

Vaculated blasts, basophilic cytoplasm.

1.3.2 Acute Myeloid Leukemia (AML)

Acute myeloid leukemia occurs in all age groups, however it is the most
common form of acute leukemia in adults and its occurrence increased with
age. AML forms only a minor fraction (10-15%) of the leukemias in
childhood. It had been reported that 50% of children and young adults may
expect a long-term cure. The incidence of acute myeloid leukemia in the
United State 1s 7.4 cases per 100,000 inhabitants per year and the death cases
is 5.8 per 100,000 (Cardinez et al., 2006). The clinical signs and symptoms of
AML are diverse and nonspecific, but they are usually directly attributable to
the leukemic infiltration of the bone marrow, with resultant cytopenia
(anemia, granulocytopenia, or thrombocytopenia), with or without
leukocytosis). Typically, AML patients showed signs and symptoms of
fatigue, hemorrhage, or infections and fever due to decreases in red cells,
platelets, or white cells, respectively. Leukemic infiltration of various tissues,
including the liver (hepatomegaly), spleen (splenomegaly) and lymph nodes
(lumphoadenopathy) (Lowenberg et al., 1999). The most commonly used
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method of classification is that developed by the French—American—British
(FAB) group which divides AML into eight distinct subtypes (M0, M1, M2,
M,3, M4, M5, M6 and M7 ) that differ with respect to the particular myeloid
lineage involved and the degree of leukemic-cell differentiation (Hoffbrand et
al., 2002). The more frequent chromosomal abnormality shown in AML
patients were t (8 ; 21), t (6 ; 9), inv (16), del (11q) and t (9 ; 11) (Harrison,
2000; McCormack et al., 2008).

Table (1 — 2): The French-American-Britain (FAB) classification of AML
(Hoffbrand et al., 2002)

Morphology

Acute myeloid leukemia with minimal evidence of myeloid

differentiated.

Acute myeloid leukemia without maturation.

Acute myeloid leukemia with granulocytic maturation.

Acute promyelocytic leukemia.

Acute myeloid leukemia with granulocytic and monocytic

maturation.

Acute monocytic leukemia.

Acute erythro leukemia.

Acute megakaryoblastic leukemia.
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1.3.3 Chronic Lymphoid Leukemia (CLL)

Chronic lymphoid leukemia accounts 25% of all leukemia in adults with a
peak incidence in age group between 60 and 80 years, the male to female ratio
is 2:1. The median survival of patient with CLL is about nine years. The CLL
can be classified to B-cell ( B-cell chronic lymphocytic leukemia, B-cell
prolymphocytic leukemia, hairy cell leukemia and plasma cell leukemia) and
T-cell (large granular leukemia and T-cell prolymphocytic leukemia)
(Hoffbrand et al., 2002). The incidence of CLL in U.S. is 7.5 cases per
100,000, and the death cases is 3.2 case per 100,000 (Cardinez et al., 2006).
The aetiology is unknown but there are geographical variations in incidence.
It is the most common type of leukemia in the West but rare in the far East
(Keating, 1999). There is no higher incidence with previous radiotherapy or
chemotherapy. The tumor cell appears to be a relatively mature B cell with
weak surface expression of immunoglobulin M (IgM) or IgD (Kipps, 2000).
The cells accumulate in the blood, bone marrow, liver, spleen and lymph
nodes as a result of prolonged lifespan with impairment of normal apoptosis.
Symmetrical enlargement of superficial lymph nodes is the most frequent
clinical sign. Bacterial or fungal infections are common because of immune
deficiency and neutropenia (caused by marrow infiltration). Lymphocytosis
with features of anemia may be present e.g pallor. Patients with
thrombocytopenia may show bruising (Rozaman and Montserrat, 1995). The
common chromosome abnormalities are deletion of 13ql4, trisomy 12,
deletions at 1123 and structural abnormality of 17p involving the p53 gene
(Dohner et al., 2000).
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1.3.4 Chronic Myeloid Leukemia (CML)

Chronic myeloid leukemia comprises 15% of leukemias and may occur at any
age. This disease occurs in either sex, the ratio of male to female is 1.4:1,
however it occurs most frequently between the ages of 40 and 60 years.
Moreover, it may occur in children and neonates, and in the very old
individuals and the median survival is 5-6 years. There are many variants of
CML such as chronic myelomonocytic leukemia, juvenile CML, ph-negative
CML and eosinophilic leukemia (Hoffbrand et al., 2002). The incidence of
CML in U.S. is 3 cases per 100,000, and the death cases is 1 case per 100,000
(Cardinez et al.,, 2006). In most cases of CML there are no known
predisposing factors which might cause the disease but the incidence was
increased in survivors of the atom bomb explosions in Japan at the end of
second world war (Sawyers, 1999). This disease is characterized by an
overproduction of cells of the granulocytic series leading to splenomegaly and
very high white blood cells counts, moreover, basophilia, thrombocytosis,
renal impairment and anemia are common (Faderl et al., 1999; Goldman and
Melo, 2003). The diagnosis of CML is rarely difficult and is assisted by the
characterstic presence of the Philadelphia (Ph) chromosome, which result
from reciprocal translocation between chromosomes 9 and 22. As a result of
this translocation part of the Abelson proto-oncogene ABL is moved to the
breakpoint cluster region BCR gene on chromosome 22 and part of
chromosome 22 moves to chromosome 9. The abnormal chromosome 22 is
the Ph chromosome. In the Ph chromosome the BCR gene are fused to ABL
gene (Martein et al., 1999). The resulting chimeric BCR-ABL genes codes for
a fusion protein which have leukemogenic activity. This chromosomal
abnormality is found in up to 95 percent of CML patients. Another 5 percent

have complex or variant translocations involving additional chromosomes that
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have the same end result. The Ph chromosome is found in cells from the
myeloid, erythroid, megakaryocytic, and B lymphoid lineages (Kurzrock et
al., 1988; Melo, 1996).

1.4 The genetic basis of cancer

1.4.1 Oncogene

Is a gene that can cause cancer. It causes the transformation of normal cells
into cancerous tumor cells, specially a viral gene that can transform a host cell
into tumor cell. It is worth to mention that oncogene is altered or mutated
from its original form, the proto-oncogene. In this respect, proto-oncogene
promote the differentiation and proliferation of normal cells. A variety of
proto-oncogenes are involved in different crucial steps of cell growth, and a
change in the proto-oncogenes sequence or in the amount of protein it
produces can interfere with its normal role in cellular regulation, which might
result in uncontrolled cell growth, or neoplastic transformation, thus
ultimately resulting in the formation of cancerous tumor (shovlin et al., 1999).
The first oncogene was discovered in 1970 and was termed src (pronounced
SARK). This gene was in fact first discovered as an oncogene in a chicken
retrovirus. In 1976 Bishop and Varmus demonstrated that oncogenes were
defective proto-oncogenes, found in many organisms including humans

(Bishop, 1987).

Oncogenes have various cellular functions and include growth factors, growth
factor receptors, genes that function in intracellular signal transduction,
transcription factors, and positive regulators of the cell cycle (McManus and

Alessi, 2004).
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In human proto-oncogene can be transformed into oncogenes by three ways

(Robertson, 1983; Pedraza-Farifia, 2006; Croce, 2008):

% Point mutation

Oncogene is activated by a mutation, the structure of the encoded protein is
changed in a way that enhances its transforming activity. Many types of
mutation occur in oncogenes such as deletion, base substitution or insertion.
Example are the RAS oncogenes (KRAS, HRAS, and NRAS). When the RAS
genes are mutated which encode a protein that remains in the active state.
These activated proteins induce continuous cell growth. Mutation of
oncogenes in the RAS family has been associated with exposure to
environmental carcinogens. Mutations of KRAS are common in carcinomas of
the lung, colon, and pancreas, whereas mutations of NRAS occur principally
in acute myelogenous leukemia and the myelodysplastic syndrome (Weber
and McClure, 1987). Activating point mutations of the BRAF gene occur in
59% of melanomas, 18% of colorectal cancers, 14% of hepatocellular

carcinomas, and 11% of gliomas. (Davies et al., 2002; Croce, 2008).

+ Chromosomal translocations

The transfer of a gene from its normal position to one on another chromosome
1s called translocation, and chromosome translocations are common
cytogenetic abnormalities in cancer cells. In hematopoietic cancers and solid
tumors, the translocations and inversions increase or deregulate transcription
of the oncogene. In chronic myeloid leukaemia there is precise translocation

of genes, including another oncogene, abl, from chromosome 9 to
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chromosome 22; this is the molecular basis of the Philadelphia chromosome.
In Burkitt's lymphoma there is a translocation between chromosome 8 and the
immunoglobulin genes on chromosomes 2, 14, or 22. In both of these
examples the break occurs at the chromosomal site of the proto-oncogene; in
Burkitt's lymphoma it is the c-myc gene that is brought close to the
immunoglobulin genes. This rearrangement is probably associated with
developing the specific B cell malignant phenotype. In prostate cancer, gene
fusion occurs between a gene that carries a promoter that is very active in the
target cells, and another that carries the oncogenic activity (e.g., ERG1) (Hall,
1984; Croce, 2008).

4= Amplification

Amplification means the repeating of the DNA sequences of the gene in
question, sometimes by as many as 50-100 times; this may lead to
overexpression of the gene product. The c-myc oncogene is associated with
acute leukaemia and was the first oncogene to show amplification in
malignant change compared with normal cells from the same patient (Weber
and McClure, 1987). MYC is also amplified in small-cell lung cancer, breast
cancer, esophageal cancer, cervical cancer, ovarian cancer, and head and neck
cancer, whereas amplification of NMYC correlates with an advanced tumor
stage. There are different oncogene families are often amplified: cyclin D1 (or
CCND1), EGFR, and RAS. CCND1 amplification occurs in breast,
esophageal, hepatocellular, and head and neck cancer. EGFR (ERBB1) is
amplified in glioblastoma and head and neck cancer. Amplification of ERBB2
(also called HER2/neu) in breast cancer correlates with a poor prognosis

(Croce, 2008; Weinberg, 1989).
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1.4.2 Tumor suppressor genes

Is a gene that reduces the probability that human cell will turn into tumor cell,
a mutation or deletion of such a gene will increase the probability the
formation of a tumor. Tumor suppressor genes, or more precisely, the protein
for which they code, have a repressive effect on the regulation of the cell
cycle or promote apoptosis, and sometimes do both (Levine, 1993; Weinberg,
1991). Tumor suppressor genes play a critical role in regulating when cells
are allowed to divide and increase in number. When DNA damage is detected
in a cell, some tumor suppressor genes can stop the cell from multiplying
until the damage is repaired. Also, specific tumor suppressor genes can
stimulate cells with damaged DNA to commit “cell suicide”. When tumor
suppressor genes don’t function correctly, the cells with DNA damage
continue to divide and can accumulate further DNA damage that can
eventually lead to the formation of a cancer cell (Fearon and Vogelstein,

2000; Payne and Kemp, 2005).

Disruption of the function of a tumor-suppressor gene, as defined by
Knudson, requires a complete loss of function of both copies of the involved
gene. When caused solely by genetic changes, such losses are the
consequence of germ-line mutations (in familial cancers) or somatic
mutations (in non-inherited tumors) within the coding region of one copy of
the gene. This is the first hit of the Knudson two-hit hypothesis. The second
hit generally involves somatic loss of the chromosomal region containing the
other copy of the gene. The loss of both alleles of a tumor suppressor gene
thus sets the scene for malignant transformation of the cell (Fig. 1 - 1).

Abnormal promoter hypermethylation can have the same effect as a coding-
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region mutation in one copy of the gene (the first hit); often, loss of the other

copy serves as the second hit (Fig. 1 - 1). In familial cancer, epigenetic

change is not a mechanism of the first hit, but it can cause the second hit

(Knudson, 2001).

Mormal Cancer Cancer Cancer Normal Cancer Cancer
o 1 -
o1 o e
w |... =
Sporadic cancer Inherited cancer
B Mutation B8 Methylation

Fig
ure (1 — 1): Genetic and epigenetic changes that inactivate tumor-suppressor

genes according to the Knudson two-hit hypothesis (Knudson, 2001).

The first tumor-suppressor genes discovered was the Rb gene in hereditary
retinoblastoma, a serious cancer of the retina that occurs in early childhood. In
addition to retinoblastomas, mutations in the Rb gene have been detected in
osteosarcomas, bladder carcinomas, small-cell lung carcinomas, prostate
carcinomas, breast carcinomas, some types of leukemias, and cervical

carcinomas (Krug et al., 2002).

Another tumor suppressor gene is p53, a gene found to be mutated in a large
proportion of human cancers such as, in lung, colon, esophageal, ovarian,
pancreatic, skin, stomach, head and neck, bladder, sarcoma, prostate,
hepatocellular, brain, breast, renal, thyroid, hematological malignancies,

melanoma and cervical cancers. Germ line mutation of p53 has been linked to
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an inherited predisposition to cancer Li-Fraumeni syndrome of cancer
including breast carcinoma, sarcoma, brain tumors, osteosarcoma and
leukemia. increased amounts of cellular p53 protein after DNA damage have
been associated with cell-cycle arrest and programmed cell death (apoptosis)
and mutations or losses of p53 have been result in development of cancer
(Velculescui and Eldeiry, 1996; William and Foulkes, 2007). Figure (1 — 2)
illustrates the roles of wild type and mutant alleles of tumor suppressor gene

P53 in DNA repair, apoptosis and carcinogenesis.

DNA Damage \poptos’s

Wild type p53

lov, growth arrest
"’ ¥ oy, DNA repair

Accumulatlon of
Cancer ce" p53 pl'Otein @::ﬂ:;u.

Figure (1 — 2): The functions of wild type and mutant of tumor suppressor

Damaged DNA

Mutant p53

gene P53 in DNA repair, apoptosis and carcinogenesis (William and Foulkes,

2007).

The other cancers associated with defects in tumor suppressor genes include
familial adenomatous polyposis of the colon (FPC), which results from
mutations to both copies of the APC gene; hereditary breast cancer, resulting
from mutations to both copies of BRCAZ2; and hereditary breast and ovarian

cancer, resulting from mutations to both copies of BRCAl (Fearon and
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Vogelstein, 2000; Sherr, 2004). There are other types of tumor suppressor

genes some of them are listed in table (1 — 3).

Table (1 — 3): Some genes associated with cancer.

Genes Function Example Type of Referances
cancer gene
regulates transcription of Familial Adenomatous tumor Ry apd
APC . Vogelstein,
target genes Polyposis suppressor
2000
BCL2 11_1volved mn apoptOSIS.; Leukemia; Lymphoma oncogene Croce, 2008
stimulates angiogenesis
BLM DNA repair Bloom Syndrome DNA repair LOdlzsél 063'[ e
BRCA1 | may be involved in cell | Breast, ngnan, Prostatic, tumor Sherr, 2004
cycle control & Colonic Neoplasms suppressor
BRCA2 DNA repair 1T Sl Pancreath tumor Sherr, 2004
Neoplasms; Leukemia suppressor
HER?2 tyrosine kinase; growth Breast, Ovarian oncogene Croce, 2008
factor receptor Neoplasms
involved in protein-
MYC | protein interactions with Burkitt's Lymphoma oncogene Croce, 2008
various cellular factors
cvelin-dependent kinase Leukemia; Melanoma; tumor William and
pl6 Y inlilibi - Multiple Myeloma; SUDDIESSOT Foulkes,
Pancreatic Neoplasms PP 2007
021 cyclin-dependent kinase i tumor W;gﬁrﬁle:nd
inhibitor suppressor 2007
apoptosis; transcription | Colorectal Neoplasms; Li- tumor WLl fri
p53 . Foulkes,
factor Fraumeni Syndrome suppressor
2007
.. . Pancreatic, Colorectal,
GTP-bmdmg protein; | p. dder Breast, Kidney, &
RAS important in signal Oncogene Croce, 2008
. Lung Neoplasms;
transduction cascade .
Leukemia; Melanoma
) . tumor Krug et al.,
RB regulation of cell cycle Retinoblastoma e 2000
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Dermatofibrosarcoma;
SIS growth factor Meningioma Skin oncogene Croce, 2008
Neoplasms
XP DNA repair Xeroderma pigmentosum | DNA repair LOdlzs(l)l 063'[ 2t

1.4.3 DNA repair genes:

A third type of gene associated with cancer is the group involved in DNA
repair and maintenance of chromosome structure. In this respect, it is known
that environmental factors, such as ionizing radiation, UV light, and
chemicals, can damage DNA. Errors in DNA replication can also lead to
mutations. Certain gene products can repair damage occurring to
chromosomes, thereby minimizing mutations in the cell. When a DNA repair
gene 1s mutated its product is no longer made, preventing DNA repair and
allowing further mutations to accumulate in the cell. These mutations can

increase the frequency of cancerous changes in a cell (Loeb, 1991; Loeb,

2001).

The mutations in DNA repair genes can drive tumorigenesis which is shown
by the existence of human cancer syndromes with germ line mutations in
genes involved in maintaining genomic integrity. These include xeroderma
pigmentosum which result from defect in a DNA repair gene called XP results
in individuals who are very sensitive to UV light and have a thousand-fold
increase in the incidence of all types of skin cancer. There are seven XP
genes, whose products remove DNA damage caused by UV light and other

carcinogens (Sieber et al., 2003).

Another example of a disease that is associated with loss of DNA repair is
Bloom syndrome, an inherited disorder that leads to increased risk of cancer,
lung disease, and diabetes. The mutated gene in Bloom syndrome, BLM, is

required for maintaining the stable structure of chromosomes. Individuals
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with Bloom syndrome have a high frequency of chromosome breaks and
interchanges, which can result in the activation of oncogenes. In addition,
somatic changes in some DNA-repair genes have been shown in a small
number of cancer types. Most of these mutations are recessive (requiring two

‘hits’) at the cellular level (Fridman, 1996; Sicber et al., 2003).

1.5 Epigenetic Changes

Epigenetic change is a heritable change in the pattern of gene expression that
1s mediated by mechanisms other than alterations in the primary nucleotide
sequence of a gene (Bird, 2002). Epigenetic changes include DNA
methylation and histone modifications (acetylation and methylation), which
influence chromatin structure or modify the DNA without altering the native
nucleotide sequence. DNA methylation involves the addition of the methyl
group to the number 5 carbon of a cytosine in a CG dinucleotide (CpG) by a
DNA methyltransferase enzymes. Figure (1 - 3) illustrate the mechanism of

methylation of cytosine to 5- methylcytosin (Esteller, 2008; Ducasse and

Brown, 2006).

SAM-CH , |

DNMT

CHs
5-Methylcytosine

Mechanism of DNA methylation
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Figure (1 — 3): DNA methylation, the DNA methyltransferases (DNMTs),
catalyzes the methylation of the 5 position of the cytosine ring, using S-

adenosyl-methionine as the donor molecule for the methyl group (CHj)

(Esteller, 2008).

Methylation patterns are established during normal embryonic development,
and participate in X chromosome inactivation and genomic imprinting.
Tissue-specific methylation also occurs and methylation has been shown to

increase in some tissues with aging (Moss and Wallrath, 2007).

Hypermethylation of promoter CpG islands is correlated with transcriptional
inactivation of the associated gene, and this inactivation is equivalent to a
loss-of-function genetic alteration such as a deletion or mutation. If the gene
has tumor suppressor properties or is involved in DNA repair genes,
differentiation, or apoptosis, aberrant methylation can play a central role in
tumorigenesis (Herman and Baylin, 2003). However, hypomethylation of a
normally methylated gene promoter can lead to activation of that gene, such
as oncogenes and anti-appoptotic genes (Jones and Baylin, 2002; Nephew and

Huang, 2003).

There is a critical difference between mutations and epigenetic gene silencing:
the former are irreversible and the latter are potentially reversible. The
potentially reversible epigenetic changes in neoplasia present new
opportunities for the clinical management of cancer. The reaction of DNA
methylation can be blocked by the drug 5-azacytidine . When this compound
is integrated into DNA, replacing the natural base cytidine, it acts as a direct

and irreversible inhibitor of the DNMTs, since it contains a nitrogen in place
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of carbon at the 5 position of the cytidine ring. (Novak, 2004; Lund and
Lohuizen, 2004). Figure (1 - 4) shows the inhibitory effect of 5-Azacytidine

on methylation of cytosine.

NH,
S-Azacytidine
N 4 N
3 5 I
/Iz\ 1 )
0/ ~N
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NH, NH,

x

CH
4 3
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Figure (1 — 4): Pathway for the methylation of cytosine in the mammalian
genome and effects of inhibiting methylation with 5-Azacytidine (Herman

and Baylin, 2003).

Various methods to detect DNA methylation have been developed. These can
be divided into two groups: those using methylation-sensitive restriction
endonucleases, and those using bisulfite modification of cytosine. The former
is based on the principle that methylation-sensitive restriction endonucleases
cannot cut methylated DNA. methylation-based polymerase chain reaction
(PCR) assays (Singer-Sam et al., 1990) are included in this group. The latter
is based on the principle that unmethylated cytosines are modified by
bisulfate and changed to uracil, whereas methylated cytosines escape from
bisulfate modification and remain as cytosine (Clark et al., 1994).
Methylation-sensitive arbitrarily primed PCR (MS-AP-PCR) is a simple and

rapid method that can be used to screen for methylation changes in normal
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and tumor DNA, which 1s based on the digestion of genomic DNA with
methylation sensitive enzyme (such as Hpall), and then arbitrarily amplified
using random primers with low annealing temperatures. Similarly, the same
DNA is digested with isoshizomer Mspl, which digest both methylated and
unmethylated DNA, and then PCR amplified by same primers. After
separation on agarose, a band present in Hpall digested DNA but missing
from the Mspl digested DNA indicates the DNA fragment containing
methylated Hpall sites (Liang et al., 2002; Gonzalgo et al., 1997).

1.6 Isolation of mammalian genomic DNA

Isolation of genomic DNA is an essential step in many molecular biology
experiments. However, there are many different methods and technologies for
the isolation of genomic DNA from different organisms; for example bacteria
(Kieser, 1995), fungi (Cenis, 1992 ), plant (Murray and Thompson, 1991) and
mammalian cells (Laird et al., 1991). All the procedures for DNA isolation
depend on two important characters of the nucleic acids: first, they don't
dissolve in organic solvents and the second precipitated DNA in the presence
of alcohol and high salt concentration. These characters permit the DNA

1solation from other cell components (Parish, 1972).

In general, all DNA isolation methods have common steps, which involve
chemical and mechanical disruption methods, followed by one of several
basic enzymatic and chemical methods to remove contaminating proteins,
RNA, and other macromolecules. The enzymatic methods depend on using of
proteiolytic enzymes (Gross-Bellard et al.,, 1973; Enrietto et al., 1983).
whereas the chemical methods almost depend on using of detergents such

SDS which result in membranes solubilization and proteins denaturation (Blin
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and Stafford, 1976) and then the DNA 1is separated from other cell
components by centrifugation (Parish, 1972).

There are several methods for DNA purification from cell lysate. The
standard method is used for deproteinizing DNA is to extract with phenol /
chloroform / Isoamyl alcohol. The using of phenol which efficiently denature
proteins and probably dissolved denaturated protein is first described by
Kirby in 1957; it is worth to mention that, chloroform is also a useful protein
denaturant. The phenol/chloroform mixture reduces the amount of aqueous
solution retained in the organic phase(compared to a pure phenol phase),
maximizing the yield (Penman, 1966; Palmiter, 1974). In this respect, isoamyl
alcohol, prevents foaming of the mixture upon vortexing and aids in the
separation of the organic and aqueous phases (Marmur, 1961). Since
denatured proteins form a layer at the interface between the aqueous and
organic phases, thus, proteins could be isolated from the bulk of the DNA in
the aqueous layer. The standard method to recover DNA from aqueous
solutions is to precipitate with ethanol (McCarty, 1985); isopropanol may
also be used to precipitate DNA. However, isopropanol is less volatile than
ethanol and i1s therefore more difficult to remove; moreover, some salts are
less soluble in isopropanol (as compared to ethanol) and will precipitate with
DNA (Moore et al., 2002). There are many methods which use phenol in
DNA extraction from different animal tissues, in 1973 Gross-Berallard et al.,
described a method for DNA extraction from cell culture by using phenol
which depends on culture treated with proteiolytic enzymes like proteinase K
in the presence of SDS and EDTA. In 1976 Blin and Stafford found that the
efficient extraction with phenol was increased when liquid nitrogen was used,
which led to fast and complete destruction of cells. The extraction of nucleic

acids with phenol and chloroform is the standard method to remove proteins
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and lipids from cellular digests. However, there are many drawbacks to the
use of these organic solvents, for example their caustic and toxic qualities.
Phenol can cause severe burns while chloroform is hepatotoxic and
carcinogenic (Tilzer et al., 1989; Thomas et al., 1989). Therefore there are
several alternative methods which are developed, these methods depend on
preparation of cell lysate with different material for DNA extraction and
purification without using of organic solvent such as, salting-out method
(salting-out of cellular proteins by dehydration and precipitation with a
saturated NaCl solution) (Miller et al., 1988; Jeanipierre, 1987) or by using of
sodium perchlorate and chloroform instead of phenol in extraction of DNA
from whole blood (Johns, 1989); or by dialyzing nucleic acid containing
solutions polyethylene glycol (PEG) (this method includes removal of
detergent and proteolytic digestion products by dialyzing nucleic acid
containing solutions against 20% (w/v) polyethylene glycol (PEG))
(Longmire, 1987); or by using of enzymatic procedure for the isolation of
genomic DNA (which involves the incubation of nuclei with only proteinase
K) (Grimberg et al., 1989); or purification of genomic DNA by filtration of
cells lysate through an aluminum oxide membranes surface (AOM) (Elgort,

2004).

Blood is considered a common source of genomic DNA for molecular studies
and various approaches were used for isolation of DNA from blood. In this
respect, DNA can be isolated from a variety of blood's sources including anti-
coagulated whole blood (Singer et al., 1988; Lahiri and Nurnberger, 1991;
Grimberg et al., 1989; Parzer and Mannhalter, 1991; Elgort, 2004; Johns and
Paulus-Thomas, 1989), buffy coat cells (Sambrook and Russell, 2001; Miller
et al., 1988; Tilzer et al., 1989) and clotted whole blood (Kanai et al., 1994).
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There are many parameters affecting the yield of DNA from human blood; for
example, the yield of genomic DNA will vary depending on the quantity of
white blood cells present (Alanne et al., 2004). Other factors which might
influence the yield is the effect of storage conditions and period of storage.
Therefore blood samples collected in the field for isolating DNA for
molecular analysis, need special care in storage conditions and handling. It
has been reported that the collected blood in suitable containers with anti-
coagulatant could be stored at 4°C for short term, from a few days to a few
weeks. However, long-term storage for months usually involves blood being
frozen at -20°C, in this case DNA yield will be reduced with length of time's
storage (Richardson et al., 2006). DNA from blood samples that had
undergone more than four freeze-thaw cycles were found to be partially

degraded (Lahiri, 1993).

Various kinds of anticoagulants are commonly used for blood sampling, such
as acid citrate dextrose (ACD), EDTA, and heparin. In this respect, some
studies have indicated that the type of anticoagulant that is used when
preparing genomic DNA from whole blood effects both the DNA yield and
quality. ACD was found superior to EDTA in preserving high-molecular
weight DNA (Gustafson et al., 1987). Another study pointed out that the
EDTA 1is a better anticoagulant than heparin or citrate for delayed blood
processing for plasma DNA analysis (Lam, 2004).

1.7 Polymerase Chain Reaction (PCR)

Since the discovery of the double helix structure of DNA, no single event has
had the same impact on the field of molecular biology as the discovery by
Kary Mullis in the early 1980, of the polymerase chain reaction (PCR)
(Mullis et al., 1986). This elegant technology with its apparent simple theory
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has revolutionized almost every aspect of classical molecular biology (Lisby,
1997). The polymerase chain reaction (PCR) is defined as an in vitro
technique which allows the amplification of a specific deoxyribonucleic acid
(DNA) region that lies between two regions of known DNA sequence
enzymaticaly by a DNA polymerase using oligonucleotid primers which are
complementary to the ends of a defined sequence of DNA template (Newton

and Graham, 1997).

A basic PCR set up requires several components and reagents (Saiki et al.,

1990). These components include:

= DNA template: that contains the DNA fragment (target) to be
amplified.

= Deoxynucleotide triphosphate (ANTPs): the building blocks from which
the DNA polymerases synthesize a new DNA strand.

* Primers: which are complementary to the DNA regions at the 5' and 3'

ends of the DNA region

= PCR buffer: which provides a suitable chemical environment for

optimum activity and stability of the DNA polymerase.

= DNA polymerase: such as Tag polymerase or another DNA polymerase

with a temperature optimum at around 70 C.

The original protocol for PCR used the klenwo frgment of E.coli DNA
polymeras to extend the annealed primers. This enzyme was
inactivated high temperature required to denature DNA consequently,
fresh enzyme had to be added during every cycle (Saiki et al., 1988).

Later, this original PCR process was greatly improved by the use of
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DNA polymerase taken from Thermophilic bacteria grown in geysers at
a temperature of over 110 C. The DNA polymerase taken from these
organisms is stable at high temperatures and, when used in PCR, does
not break down when the mixture was heated to separate the DNA
strands. Since there was no longer a need to add new DNA polymerase
for each cycle, the process of copying a given DNA strand could be
simplified and automated. Recently the recombinant Tag DNA
polymerase is produced from a genetically engineered E. coil where
the desired gene is introduced in to this bacterium after recovering it

from Thermus aquaticus (Lawyer et al., 1989).

There are three major steps in a PCR, which are repeated for 30 or 40 cycles.
Each cycle of PCR includes steps for template denaturation, primer annealing
and primer extension (Figure 1 - 5). The initial step denatures the target DNA
by heating it to 94°C or higher for 15 seconds to 2 minutes. In the
denaturation process, the two strands of DNA separate from one another,
producing the necessary single-stranded DNA template for replication by the
thermostable DNA polymerase. In the next step of a cycle, the temperature is
reduced to approximately 40-60C. At this temperature, the oligonucleotide
primers can form stable associations (anneal) with the denatured target DNA
and serve as primers for the DNA polymerase. This step lasts approximately
15-60 seconds. Finally, the synthesis of new DNA begins as the reaction
temperature is raised to the optimum for the DNA polymerase. For most
thermostable DNA polymerases, this temperature is in the range of 70-74 C.
The extension step lasts approximately 1-2 minutes (Newton and Graham,

1997).
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Figure (1 — 5): Schematic diagram of the PCR process. (1) Denaturing at 94-
96°C. (2) Annealing at ~65 C. (3) Elongation at 72'C (Newton and Graham,
1997).

PCR techniques have a wide range of applications such as:

I- PCR allows early diagnosis of malignant diseases such as leukemia and
lymphomas, which is currently the highest developed in cancer
research and is already being, used routinely (Zhu et al., 2005; Liu et
al., 2007; Osumi et al., 2002; Diss and Pan, 1997; Lee et al., 1987).
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PCR assays can be performed directly on genomic DNA samples to
detect translocation-specific malignant cells at a sensitivity which is at
least 10,000 fold higher than other methods ( Lee et al., 2002; Qin et
al., 2007; Nasedkina et al., 2003; Li et al., 2003; Albinger-Hegyi et al.,
2002).

PCR allows also the detection of residual disease after treatment of
leukemia to identify patients at risk for relapse (Kolomietz et al., 2003;
Cave et al., 1998).

PCR used in mutations screening of cancer-related genes such as
activated oncogenes (Bos et al., 1987; Gunnarsson et al.,, 2003;
Bernard and Wittwer, 2002) and tumor suppressor genes such as p53
to aid understanding of tumor biology and the role of specific genes in
malignant transformation (Lukas et al., 2000).

PCR used to reveal the genetic disorders such as cystic fibrosis
(Ballabio et al., 1990); sickle cell anemia (Saiki et al. 1985; Costa et al.,
2003) and thalassaemia (Settin et al., 2006; Vrettou et al., 2003).

PCR used to identify many pathogenic microorganisms of medical
importance for example Helicobacter pylori (He et al., 2002);
Mycobacterium tuberculosis (Desjardin et al., 1998; Folgueira et al.,
1996; Mehrotra et al., 2002); Bordetella pertussis (Kosters et al, 2002);
Streptococcus pneumonia (Friedland et al., 1994); human brucellosis
(Queipo-Ortuiio et al., 1997); Legionella pneumophila (Reischl et al.,
2002); Entamoeba histoliytica (Mirelman et al., 1991); HIV (Ou et al.,
1988); Human cytomegalovirus (Boom et al., 1999); Hepatitis B virus
(Brechtbuehl et al., 2001) and Human papillomavirus (Wang-Johanning
et al., 2002).
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Variationts on the basic PCR technique

# Hot-start PCR: This is a technique that reduces non-specific

amplification during the initial set up stages of the PCR. The technique
may be performed manually by heating the reaction components to
the melting temperature (e.g. 95°C) before adding the polymerase
(Chou et al,. 1992). Specialized enzyme systems have been developed
that inhibit the polymerase's activity at ambient temperature, either
by the binding of an antibody or by the presence of covalently bound
inhibitors that only dissociate after a high-temperature activation step

(Sharkey et al., 1994).

+ Intersequence-specific (ISSR) PCR: A PCR method for DNA

fingerprinting that amplifies regions between some simple sequence
repeats to produce a unique fingerprint of amplified fragment lengths

(Zietkiewicz et al., 1994).

£ Methylation-specific PCR (MSP): The MSP method was developed by

Stephen Baylin and Jim Herman at the Johns Hopkins School of
Medicine (Herman et al., 1996) and is used to detect methylation of
CpG islands in genomic DNA. DNA is first treated with sodium bisulfite,
which converts unmethylated cytosine bases to uracil, which is
recognized by PCR primers as thymine. Two PCRs are then carried out

on the modified DNA, using primer sets identical except at any CpG
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islands within the primer sequences. At these points, one primer set
recognizes DNA with cytosines to amplify methylated DNA, and one
set recognizes DNA with uracil or thymine to amplify unmethylated

DNA.

4= RT-PCR(Reverse Transcription PCR): Is a method used to amplify,

isolate or identify a known sequence from a cellular or tissue RNA. The
PCR is preceded by a reaction using reverse transcriptase to convert
RNA to cDNA. RT-PCR is widely used in expression profiling, to
determine the expression of a gene or to identify the sequence of an
RNA transcript, including transcription start and termination sites and,
if the genomic DNA sequence of a gene is known, to map the location
of exons and introns in the gene (Myers and Gelfand, 1991). Rapid
amplification of cDNA ends (RACE) is a variation of RT-PCR that
amplifies unknown cDNA sequences corresponding to the RNA (Troutt

etal., 1992).

#= Quantitative PCR (Q-PCR): Is a modification of the PCR used to rapidly

measure the quantity of DNA, cDNA or RNA present in a sample. PCR
theoretically amplifies DNA exponentially, doubling the number of
molecules present with each amplification cycle. The number of
amplification cycles and the amount of PCR end-product should allow
one to calculate the initial quantity of genetic material. The most
sensitive quantification methods are done by the real-time

polymerase chain reaction, where the amount of DNA is measured
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after each cycle of PCR by use of fluorescent markers (Ding and

Cantor, 2004).

#+ Touchdown PCR: A variant of PCR that aims to reduce nonspecific

background by gradually lowering the annealing temperature as PCR
cycling progresses. The annealing temperature at the initial cycles is
usually a few degrees (3-5°C) above the T,, of the primers used, while
at the later cycles, it is a few degrees (3-5°C) below the primer T,,. The
higher temperatures give greater specificity for primer binding, and
the lower temperatures permit more efficient amplification from the

specific products formed during the initial cycles (Don et al., 1991).

+ In situ PCR : First described in 1990, combines the sensitivity of PCR or
RT-PCR amplification with the cellular or histological localization
associated with in situ hybridization techniques (Haase et al., 1990).
These features make in situ PCR a powerful tool for detecting proviral
DNA, gene rearrangements and single gene copy. The technique is
amenable to analysis of fixed cells or tissue cross-sections. Detection
of amplified products can be accomplished indirectly by subsequent
hybridization using either radiolabeled, fluorescently labeled or biotin-
labeled nucleic acid probes. PCR products can also be detected directly
by the incorporation of a labeled nucleotide, although this method is
subject to higher background levels (Haase et al., 1990; Bagasra et al.,

1993).
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& RAPD PCR (Random Amplified Polymorphic DNA) : Is a DNA

fingerprint technique based on polymerase chain reaction (PCR)
amplification of random fragments of genomic DNA with single short
primer of arbitrarily nucleotides sequence usually 10-bases (Williams
et al. 1990). In this process a single species of primer binds to the
genomic DNA at two different sites on opposite strands of the
template DNA. In order for PCR to occur, annealing of primers must
be in a particular orientation (such that they point each other) fig. (1 -
6), and the primers must anneal within a reasonable distance of one
another (Tingey et al., 1994). Primers are usually able to amplify
fragments from 3 — 10 genomic sites simultaneously (Williams et al.,
1990). Generated RAPD fragments were commonly separated using
agarose gel electrophoresis and then visualized by staining with

ethidium bromide and observed under UV light (Lowe et al., 1996).

A B C
1 2
D
3 4 5
_E_
6 7
Key Electrophoresis of PCR products
PCR primer sequence § :
location and orientation B —
- =pe D [————
= Amplified PCR products & RAPD
1—-7 Chromosomes e
A —

Figure (1 — 6): Schematic diagram of random amplified polymorphic DNA
(Tingey et al., 1994).
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The product of the reaction depends on the sequence and the length of the
oligonucleotide, as well as the reaction condition (Williams et al., 1993), in
which amplification with RAPD primers is extremely sensitive to single-base
change in the primer-target site, i.e. a single base change in the primer
sequence or in the genome may prevent amplification and cause complete
change in the pattern of amplified DNA segments (Williams et al., 1990;
Williams et al., 1993). The number of generated fragments is depending on
the size of the genome and the length of the primer. The amplified products
usually consist of 1 — 10 discrete bands of length between 200 — 2000 bp
(Rafalski and Tingey, 1993; Jones et al., 1997).

Hence, RAPD primers can detect polymorphisms that are usually noted by the
presence or absence of an amplification product from a single locus (Tingey

et al., 1994). Polymorphism between individuals can be arising through:

1. Nucleotide change that prevent amplification by introducing by
mismatch at one primer-site.

2. Deletion of a priming-site.

3. Insertions that render priming sites too distance to support
amplification.

4. Insertions or deletions that change the size of the amplified product

(Williams et al., 1990).

DNA amplification reaction is repeated on a set of DNA samples with several
different primers, under condition that results in several amplified bands from

each primer (Williams et al., 1993).

RAPD analysis offers the following advantages (Rafalski, 1997):

1. Non radio- active detection.
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No prior DNA sequence information for genome is required.
Very small amounts of genomic DNA are sufficient.
It works with universal primer at any genome.

Experimental simplicity.

o u A w N

No need for expensive equipment beyond a thermo cycler and

transilluminater.

Because of the advantages offered by RAPD technique, it has been found
many applications in a wide variety of fields. RAPD fingerprints was used for
identification of Streptococci strain (Truong et al., 2000), RAPD-PCR
analysis, also was used for genetic comparison of Mycobacterium abscessus
strains (Zhang et al., 1997). RAPD analysis was used to differentiate between
two Lactobacillus species (Van-Reenen and Disks, 1996). RAPD technique
was used in the genetic analysis of many fungi species, e.g. 19 isolates of
Aspergillus fumigatus (London et al., 1993). Simplicity of this technique
facilitated its use to reveal the genetic structure of different planet species

(Klein-Lankhorst et al., 1991; Chaparro et al., 1992).

The RAPD method can simply and rapidly detect genetic alterations in the
entire genome without knowledge of specific DNA sequence information
(Papadopoulos et al., 2002). Recently, the RAPD method was used as a mean
for identifying the genetic alterations in human tumors and revealed that
genetic alterations occurred frequently in different kinds of tumors (Wang et
al., 2001; Wang et al., 2002 ); lung cancer (Ong et al., 1998); squamous cell
carcinoma of the head and neck (Maeda et al., 1999); brain tumor (Dil-Afroze
et al., 1998); ovarian cancer (Sood and Buller, 1996); breast cancer and uveal
melanoma (Papadopoulos et al., 2002; Singh and Roy, 2001); hepatocellular
carcinoma (Xian et al., 2005; Zhang et al., 2004) or human aberrant crypt foci

and colon cancer (Luo and Pretlow, 2003); lymphoma (Scarpa et al., 2001), in
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leukemia (Odero et al., 2001). It has been also applied in cancer research
(Navarro and Jorcano, 1999) ; Detection of DNA damage and mutation
(Atienzar et al., 2002); genotoxicity and carcinogensis studies (Atienzar and
Jha, 2006), and found application in identification of novel DNA
amplifications (Arribas et al., 1997; Garnis et al., 2004).

Variation in the RAPD technique have been developed which share the same
principle as RAPD analysis but detecting methods use different longer
primers. These methods are called arbitrarily primed polymerase chain
reaction (AP-PCR) and DNA amplification fingerprinting (DAF). AP-PCR
methods used primers about 15 nucleotides long and acrylamide gels for
product separation, and detection was achieved by using autoradiography. On
the other hand primers shorter than 10 nucleotides were used in DAF method
and products were also separated on acrylamide gels but were detected by
using silver staining methods (Welsh and McClelland, 1990; Caetano-
Annoles et al., 1991).
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2.1 Materials

2.1.1 Apparatuses

Various apparatuses were used in this work are shown in table (2 - 1).

Table (2 - 1): The apparatuses used in this work

Apparatus

Company / Country

Analytical balance

Mettler Toledo / Switzerland

Autoclave

Lab tech. / Korea

Distiller

Mettler Toledo / Switzerland

Electrophoresis equipment

Biorad /U.S.A

Heater — magnetic stirrer

Neolab /India

Laminar flow hood

Micro flow / Germany

Microfuge

Boeco / Germany

Oven

Jrad / India

PCR (thermo cycler)

Appolo / U.S.A

pH- meter

Mettler Toledo / Switzerland

Shaker

Boeco / Germany

UV-Spectrophotometer

Genow / Switzerland

UV — transilluminator

Vilber lourmat / France

Vortex mixer

Spinixc / India

Water bath

——

Nickel electro Itd / India
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2.1.2 Chemicals

The chemicals which were used in this work are shown in table (2 - 2).

Table (2 - 2): The chemicals used in this work

Chemicals

Company / Country

Agarose

USB / Spain

Boric acid

USB / Japan

Ethanol

BDH / England

Ethidium bromide

USB/U.S.A

Ethylene diaminetetra acetic acid (EDTA)

Scharlau / Spain

Glacial acetic acid

BDH / England

Hydrochloric acid

BDH / England

Isopropanol

SCP / England

Sodium hydroxide

BDH / England

Potassium acetate

Prolabo / E.C.C

Sodium dodecyl sulfate (SDS)

USB/U.S.A

Tris-base

2.1.3 Enzymes

SCP / England

The enzymes used in this study are shown in table (2 - 3).
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Table (2 - 3): The enzymes which were used in this work.

Enzymes Company/ Country

Mspl Promega / U.S.A

Hpall Promega / U.S.A

Proteinase K Applichem / Germany
RNase Promega / U.S.A

2.1.4 Stock solutions.

The following solutions were prepared according to Sambrook and Russell

(2001).
2.1.4.1 Tris-HCI (1 M, pH 8.0)

It was prepared by dissolving 60.55 g of Tris base in 400 ml of distilled water.
The pH was adjusted to 8.0 by adding concentrated HCI1 (about 21 ml). The
volume was completed to 500 ml with distilled water, dispensed into aliquots

and sterilized by autoclaving.
2.1.4.2 Tris-HC1 (1 M, pH 7.6)

It was prepared by dissolving 60.55 g of Tris base in 400 ml of distilled water.
The pH was adjusted to 7.6 by adding concentrated HCI1 (about 30 ml). The
volume was completed to 500 ml with distilled water, dispensed into aliquots

and sterilized by autoclaving.
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2.1.4.3 EDTA (0.5 M, pH 8.0)

Results and Discussion

It was prepared by dissolving 93.05 g of EDTA-2H,0 in 400 ml of distilled

water with vigorous stirring on a magnetic stirrer. The pH was adjusted to 8.0

with NaOH (~20 g of NaOH pellets). The volume was completed to 500 ml

with distilled water, dispensed into aliquots and sterilized by autoclaving.

2.1.5 Buffers and solutions for isolation of genomic DNA from blood

(Sambrook and Russell, 2001).

The following buffers and solutions were used for isolation of genomic DNA

from blood cells:

2.1.5.1 Red blood cell lysis buffer {Tris-HCI (20 mM)}

Tris-HCI (1 M, pH 7.6)

10 ml

Distilled water

490 ml

Store the buffer at room temperature.

2.1.5.2 Cell lysis buffer {Tris-HCl (10 mM), EDTA (1 mM) and SDS

(0.1%(w/v))}

Tris-HCI (1 M, pH 8.0) 5ml
EDTA (0.5 M, pH 8.0) 1 ml
SDS 05¢g
Distilled water 494 ml

room temperature.

The buffer

was stored at

2.1.5.3 TE Buffer (pH 7.6) {Tris-HCl (10 mM), EDTA (1 mM)}
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Tri-HCL (1M, pH 7.6)

5 ml

EDTA (0.5 M, pH 8.0)

1 ml

Distilled water

494 ml

The buffer was stored at room temperature.

2.1.5.4 Potassium acetate Solution

Potassium acetate (5 M)

60 ml

Glacial acetic acid

11.5ml

Distilled water

28.5 ml

The buffer was stored at room temperature.

2.1.5.5 Proteinase K stock solution (20 mg/ml)

Proteinase K

20 mg

Distilled water

1 ml

The stock solution was divided into small aliquots and stored at -20°C.

2.1.5.6 RNase stock solution (4 mg/ml)

RNase

Distilled water

I ml

The stock solution was divided into small aliquots and stored at -20°C.

——
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2.1.5.7 Isopropanol

Absolute isopropanol was stored at 4°C.

2.1.5.8 70% Ethanol
It was prepared by mixing 70 ml of absolute ethanol with 30 ml distilled

water and stored at 4°C.

2.1.6 Genomic DNA isolation kit

The genomic DNA isolation kit was provided by Promega company / U.S.A.

The components of the kit are the following:-

1. Cell lysis solution.
Nuclei lysis solution.
Protein precipitation solution.

DNA rehydration solution.

nok wN

RNase A which is dissolved in DNA rehydration solution at a

concentration of 4 mg/ml.

2.1.7 Solutions and buffers used in agarose gel electrophoresis (Sambrook

and Russell, 2001).

2.1.7.1 5X TBE buffer (Tris / borate / EDTA) electrophoresis buffer

Tris — base 54 ¢
Boric acid 275¢
EDTA (0.5 M, pH 8.0) 20 ml
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Distilled water 980 ml

2.1.7.2 Ethidium Bromide (10 mg/ml)

One gram of ethidium bromide was added to 100 ml of distilled water and
stirred on a magnetic stirrer for several hours to ensure that the dye was
dissolved. The container was warped with aluminum foil or kept in a dark

bottle and stored at room temperature.

2.1.7.3 6X Loading buffer

It was provided by Fermentas Company/ Lithuania. Which was composed of
Tris-HCI (10 mM, pH 7.6) , bromophenol blue (0.03%), xylene cyanol FF
(0.03%), glycerol (60%) and EDTA (60 mM) .

2.1.8 RAPD-PCR amplification

The following chemicals were used for RAPD-PCR amplification.

2.1.8.1 2X PCR Master Mix

It was provided by Fermentas Company /Lithuania, with following

composition:-

» Tag DNA Polymerase (0.05 units / pl).
* MgCl, (4 mM).
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* ANTPs (dATP, dCTP, dGTP, dTTP), (0.4 mM of each).

2.1.8.2 Primers
Primers were provided by Alfa DNA Company / Canada in a lyophilized form
which were diluted with sterile distilled water to a final concentration of 10

pmol/ml. The primers and their sequences are listed in table (2—4).

Table (2 — 4): Primers sequences which were used for PCR amplification
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Primer Sequences

OPA- 01 57 CAGGCCCTTC 3~
OPA- 09 5" GGGTAACGCC 37
OPA- 11 5" CAATCGCCGT 3~
OPA- 12 5" TCGGCGATAG 3~
OPA- 13 57 CAGCACCCAC 3~
OPA-14 57 TCTGTGCTGG 3~
OPB-11 5" GTAGACCCGT 37
OPB-12 57" CCTTGACGCA 3~
OPB-15 5" GGAGGGTGTT 3~
OPB-17 5" AGGGAACGAG 3~
OPB-18 57 AGGTGACCGT 3~
OPC-01 5" TTCGAGCCAG 3~
OPE-05 5" TCAGGGAGGT 3~
OPF-18 5" TTCCCGGGTT 3~
OPI-18 5" TGCCCAGCCT 3~
OPJ-01 5" CCCGGCATAA 37
OPJ -05 57 CTCCATGGGG 37
OPK -08 5" GAACACTGGG 3~
OPW -17 5" GTCCTGGGTT 3~
OPY-10 5" CAAACGTGGG 37
OPZ-02 57 CCTACGGGGA 37

OPZ-19

5" GTGCGAGCAA 3~
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2.1.9 DNA methylation analysis

2.1.9.1 Restriction Enzymes

Two restriction enzymes were used in this study (Hpall and Mspl ) which

were provided with their buffers from Promega Company / U.S.A.

2.1.9.1.1 Mspl Enzyme:

It was supplied in 10 mM Tris-HCI (pH 7.4), 50 mM NaCl, 0.1 mM EDTA, 1
mM DTT, 0.5 mg/ml BSA and 50% glycerol with the concentration of 10
U/ul. The Mspl buffer composed of 60 mM Tris-HCI (pH 7.5), 60 mM NacCl,
60 mM MgCl, and 10 mM DTT, with the concentration of 10X.

2.1.9.1.2 Hpall Enzyme:

It was supplied in 10 mM Tris-HCI (pH7.4), 50 mM NaCl, 0.1 mM EDTA, 1
mM DTT, 0.2 mg/ml BSA and 50% glycerol with the concentration of 8
U/ul. The Hpall buffer composed of 60 mM Tris-HCI1 (pH7.5), 500 mM
NaCl, 60 mM MgCl, and 10 mM DTT, with the concentration of 10 X.

2.1.9.2 Acetylated Bovine Serum Albumin (BSA):
It was provided from Promega Company / U.S.A with concentration of 0.1

mg/ml.

2.1.10 A DNA ladder

A DNA Ladder was used for DNA molecular size estimation. It was provided
by Fermentas Company / Lithuania, with concentration of 0.5 pg/ul. Which
was supplied in storage buffer composed of 10 mM Tris-HCI (pH 7.6), 1 mM
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EDTA. The DNA ladder contained 10 discrete fragments (in base pair) as
follow: 1031, 900, 800, 700, 600, 500, 400, 300, 200, and 100.

2.2 Methods

2.2.1 Sterilization methods
2.2.1.1 Autoclaving

Buffers and solutions were sterilized by pressure vessel (autoclave) at 121°C

and 15 bar for 15 minutes.

2.2.1.2 Dry heat
A laboratory oven was used for glass wares sterilization. The temperature of

the oven was fixed at 200°C for two hours.

2.2.2 Blood samples collection

Blood samples were collected from 65 patients with acute myeloid leukemia
(AML), acute lymphoid leukemia (ALL), chronic myeloid leukemia (CML),
and chronic lymphoid leukemia (CLL). The patients were attending Al-
Bairuni University Hospital and Al-Assad University Hospital from different
regions of Syria. The period of blood sample collection was from 20/3/2007
to 30/9/2007. Five-milliliters of blood were obtained from each patients and
controls (normal individuals), placed in tubes containing anti-coagulant

(K;EDTA) and kept at -20°C till further use for genomic DNA extraction.
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2.2.3 Genomic DNA isolation

2.2.3.1 Isolation of genomic DNA from whole blood (Sambrook and
Russell, 2001).

1- 300 pl aliquot of whole blood was transferred to each of two microfuge
tubes, then 900 ul of red blood cell lysis buffer (2.1.5.1) was added to each
tube. The capped tubes were inverted to mix the contents of tube and
incubated at room temperature for 10 minutes, with occasional inversion of

the tubes.

2- The tubes were centrifuged at 13000 rpm for 20 seconds at room
temperature in a microfuge, then most of the supernatant was discarded from

each tube but left behind about 20 pl of each supernatant above the pellet.

3- The pellets of white cells were resuspended in the small amount of
supernatant left in each tube, the resuspended cell pellets of two tubes were

combined in a single tube.

4- The resuspended white blood cell pellets were then transferred to a
microfuge tube containing 600 pul of ice-cold cell lysis buffer (2.1.5.2). The
suspension was homogenized quickly with 30-50 strokes.

5- Three microliters of proteinase K solution (2.1.5.5) was added to the lysate,
and incubated for three hours at 55°C.

6- The tubes was allowed to cool at room temperature and then three
microliters of 4 mg/ml RNase (2.1.5.6) was added, and incubated for 30
minutes at 37°C.

7- The samples were allowed to cool at room temperature, then 200 ul of
potassium acetate solution (2.1.5.4) was added and the contents were mixed

by vortex vigorously for 20 seconds.
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8- The precipitated protein /SDS complex was pelleted by centrifugation at
13000 rpm for 3 minutes at 4°C in a microfuge.

9-The supernatant was transferred to a fresh microfuge tube containing 600 pl
of isopropanol (2.1.5.7). The solution was mixed well and then the
precipitated DNA was recovered by centrifuging the tube at 13000 rpm for
one minutes at room temperature in a microfuge.

10- The supernatant was removed by aspiration and 600 pl of 70% ethanol
(2.1.5.8) was added to the DNA pellet. The tube was inverted several times
and then was run at 13000 rpm for one minute at room temperature in a
microfuge.

11- The supernatant was removed by aspiration and the DNA pellet was
allowed to dry in air for 15 minutes.

12- The pellet of DNA in microfuge tube was redissolved in 100 ul of TE
buffer (2.1.5.3) and stored at -20°C until used.

2.2.3.2 Isolation of genomic DNA by Promega kit

The protocol for genomic DNA isolation by promega kit was as following:-

1- 900 ul of cell lysis solution was added to a sterile 1.5 ml microfuge tube.

2- The tube of blood was gently rocked until thoroughly mixed, then 300ul of
blood was transferred to the tube containing the cell lysis solution. The tube
was inverted 5 - 6 times to mix.

3- The mixture was incubated for 10 minutes at room temperature (inverted 2-
3 time during the incubation) to lyse the red blood cells. After that the mixture

was centrifuged at 13,000 rpm for 20 seconds at room temperature.
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4- As much as possible of supernatant was discarded with caution to avoid
disturbing the visible white pellet. Usually approximately 10-20 pul of residual

liquid will remain in the tube.

5- The contents of the tube were mixed vigorously by vortex mixer until the

white blood cells were resuspended (10-15 seconds).

6- 300 pul of nuclei lysis solution was added to the tube containing the
resuspended cells. The solution was pipetted 5 - 6 times to lyse the white

blood cells.

7- 1.5 pl of RNase solution was added to the nuclear lysate and the sample
was mixed by inverting the tube 2-5 times. The mixture was incubated at

37°C for 15 minutes, and then chilled on ice for 5 minutes.

8- Protein precipitation solution 100 ul was added to the nuclear lysate and
vortexed vigorously for 10-20 seconds, then centrifuged at 13,000 rpm for

three minutes at room temperature.

9- The supernatant was transferred to a clean tube containing 300 pl of

isopropanol (2.1.5.7).

10- The solution was mixed gently by inversion until the white thread-like
strands of DNA form a visible mass, then the tube was centrifuged at 13000
rpm for one minute at room temperature. Then the DNA will be visible as a

small white pellet.
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11- The supernatant was removed, and 300 pl of 70% ethanol was added to
the DNA pellett. The tube was inverted gently several times to wash the DNA
pellet completely from the microfuge tube, and then centrifuged at 13000

rpm.

12- The ethanol was aspirated using a drawn Pasteur pipette. The tube was

inverted on clean absorbent paper and air-dries the pellet for 10-15 minutes.

13- 100 pul of DNA rehydration solution was added to the tube and
rehydration of the DNA was carried out by incubating at 65 C for 1 hour.

Periodical mixing of the solution was done by gently tapping the tube.

2.2.4 DNA Purity and concentration

Measurement of DNA purity and concentration were carried out by using
jenaw spectrophotometer which designed for such measurement. Moreover,
estimation of DNA concentration and purity were determined according to the

procedure reported by Sambrook and Russell (2001).

2.2.4.1 Estimation of DNA concentration

10 ul of prepared DNA sample was added to 990 ul of TE buffer (pH 7.6) and
mixed thoroughly, then the optical density (O.D) was measured in a UV
spectrophotometer at wavelength of 260 nm. The DNA concentration in the

solution was calculated according to the following formula:

DNA concentration (ug/pl) = (O.D 260 X 100 X 50 pg/ml )/ 1000
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Theoretically, O.D value of one is corresponding to approximately (50 pg/ml)
for double strand DNA.

2.2.4.2 Estimation of DNA purity

The ratio between the readings at 260 nm and 280 nm provides an estimate of

the purity of nucleic acid, and was measured as following:-

DNA Purity = O.D 260 / O.D2sgo

Pure preparations of DNA samples have (O.Dyg / O.Dyg) values of 1.7 and
2.0 (Manchester, 1995).

2.2.5 Estimation of molecular size of DNA bands

The A DNA ladder which was used in this study contained 10 discrete
fragments (in base pair): 1031, 900, 800, 700, 600, 500, 400, 300, 200, and
100 from nearest distance to the well to the far one from the well respectively.
This Ladder was used as a molecular size indicator in the experiments of this
study. The molecular sizes of DNA bands were estimated according to the
standard curve as seen in fig.(2 — 1) represents the relationship between band
molecular weight and distant of migration. The molecular weights (in units of
base pairs (bp) for DNA) is plotted on the Y-axis and the distance the
molecule migrated (in mm) is plotted on the X-axis (Sambrook and Russell,

2001).
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Figure (2 - 1): Standard curve for estimation of molecular sizes of DNA bands

(Sambrook and Russell, 2001).

2.2.6 Agarose gel electrophoresis

Agarose gel (1.0-1.5%) containing ethiduim bromide with final concentration
0.5 pg/ml were prepared in 1X TBE buffer (2.1.7.1). Samples of DNA were
mixed with 1/5 volume of loading buffer and added to the well on the gel.
Generally, the gel buffer added up to the level of horizontal gel surface and
gels were run for 2 - 3 hours at 3-5 v/em. DNA bands were visualized by UV
illumination at 366 nm wavelength on UV illuminator. Gels were destained in
distilled water for 30-60 minutes to get rid of excess of stain before

photographed (Sambrook and Russell, 2001).
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2.2.7 RAPD PCR amplification
The reaction mixture of RAPD PCR was prepared according to the addition
order shown in table (2 — 5).

The reaction mixture samples were mixed gently by vortex and centrifuged at
13000 rpm for few seconds to collect all drops to the bottom of the tubes. The
tubes were then placed in the Appollo thermal cycler (with heating lid) to
carry out amplification. The amplification was run according to the program
shown in table (2 — 6). 20 pul of the amplified DNA was drawn into another
tube and analyzed by agarose electrophoresis (2.2.8) .

Table (2 - 5): Reagents and their addition order for preparation of reaction

mixture used in RAPD PCR amplification.

Addition order | Component Concentration

Water, nuclease free -

PCR Master Mix 2X

Primer 10 pmol/ml

Template DNA 25 ng/ ul

Note:- Final volume = 25 pl

Table (2 — 6): Amplification program (Xian et al., 2005):-

Stage | Cycle Step | Temperature | Time (min.) State

1 1 1 94°C 2:00 initial denaturation
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1 94°C 0:30 denaturation
2 40 2 38°C 1:00 annealing

3 72°C 2:00 extension
3 1 1 72°C 10:00 final extension

2.2.8 DNA methylation analysis:

Restriction digestion of genomic DNA with methylation specific enzymes
(Hpall and MsplI ) were done according to manufactures' protocol (Promega)
in a sterile 0.5 ml eppendorff tubes (table 2 - 7). The reaction mixture was
mixed gently by pipetting, then the tube was centrifuged at 13,000 rpm for a
few seconds in a microfuge and incubated at 37°C for four hours. 50 ng of
digested DNA with either Hpall or Mspl were then amplified with nine PCR
primers which were used in RAPD PCR analysis.

Table (2 — 7): The protocol for restriction enzyme (Hpall and MspI) digestion

of genomic DNA reagents.

Addition Order Component Volume Concentration
1- RE Buffer 2 ul 10X
2 - Acetylated BSA 0.2 ul 10 pg/ul
3- DNA I ul I pg/ul
4 - Restriction Enzyme 0.5 ul 8-10 u/ul
5- Sterile, deionized water 16.3 ul -
Note:- Final volume = 25 nl
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3.1 leukemia patients

In this study 65 leukemia patients (appendixl) were subjected to genomic
analysis by RAPD-PCR, these patients were distributed into four groups,
acute myeloid leukemia (AML), acute lymphoid leukemia (ALL), chronic
myeloid leukemia (CML), and chronic lymphoid leukemia (CLL). Table (3 —
1) showed the incidence of four types of leukemia (AML, ALL, CML, and
CLL) in males and females, and in various age groups. The results showed
that higher incidence was observed in ages (32 — 40) years and overall
incidence in males is higher than in females. In this regard other investigators
found that the incidence of leukemia in males was higher than that in females.
This is being chiefly due to greater incidence of leukemia observed in young

boys and middle age men (Borson and Leob, 1994; Hoffbrand et al., 2002).
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Table (3 - 1): Distribution of leukemia according to the age and gender.

Percentage incidence of

Gender
leukemia %

Females 3.1

Males 4.6

Females 4.6

Males 9.2

Females 9.2

Males 92

Females 9.2

Males

Females

Males

Females

Males

Females

Males

Females

Males
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The results which were shown in table (3 - 2) demonstrated the incidence of
ALL in the age groups for both females and males. The results presented in
this table showed that there is a higher incidence for ages (12 — 21) years, and
the incidence in male childhood is approximately equal to female childhood.
Lowenberg et al., 1999 indicated that the incidence of ALL was higher in
childhood and equal in both sex.

Table (3 - 2) Distribution of Acute Lymphoid Leukemia according to the age

and gender.

Percentage incidence of

Gender
leukemia

Females 14.3

Males 214

Females 214

Males 214

Females 7.2

Males

Table (3 — 3) showed the incidence of AML in various age groups. The
observed results indicated that the incidence for ages ( 36 — 45) years was
high, and the incidence for females is more than in males, similar results
were reported by (Mukeef, 1999). In this respect other investigators reported
the incidence of AML in males was slightly more than females and it

occurred in all age groups (Lowenberg et al., 1999).
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Table (3 - 3) Distribution of Acute Myeloid Leukemia according to the age

and gender.

Percentage

Case
Age (Year) | Gender incidence of
number
leukemia

Females

Males

Females

Males

Females

Males

Females

Males

Females

Males

Females

Males

The results presented in table (3 — 4) showed the incidence of CLL in various
age groups. The results showed that the CLL incidence for ages (67 — 76)

years was high in males in comparison with other age groups, and the
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incidence of males is more than females, similar result reported by (Kipps,

2000).

Table (3 - 4): Distribution of Chronic Lymphoid Leukemia according to the

age and gender.

Gender

Case

number

Percentage

incidence of

leukemia

Females

Males

Females

Males

Females

Males

Females

Males

Females

Males

The results for CML patients were shown in table (3 — 5), revealed that the

higher age group frequency was (31 — 45) years, with equal incidence of CML

in female and males. Other investigator reported that the ratio of incidence of
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male to female is 1.4:1 and it occurs more frequently in middle age
(Hoffbrand et al., 2002).
Table (3 - 5) Distribution of Chronic Myeloid Leukemia according to the age

and gender.

Percentage

Case
Age (Year) | Gender incidence of
number
leukemia

Females 8.3

Males 8.3

Females

Males

Females

Males

Females

Males

Females

Males

Females

Males
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In general, the reported results in this study showed that acute leukemia
occurred at any age mainly in early childhood and a progressive rise in
incidence was observed with age. Over all incidences, AML occurs in all age
groups, while ALL is the most common leukemia of childhood. CML and

CLL are rarely found in childhood, but occurred in adolescents and adults.

In this study we had shown that the frequency of occurrence of leukemia

patients were in the following order: CML, AML, ALL and CLL.

3.2 Molecular genetic analysis

This study included molecular genetic analysis of genomic DNA extracted
from peripheral blood of 65 patients with various types of leukemia (ALL,
AML, CLL and CML) and ten normal individuals (five males and five

females) as a control with leukemia patients.

3.2.1 Genomic DNA isolation from blood cells

Two methods were used for isolation of genomic DNA from human whole
blood of leukemia patients. The first one (rapid isolation method of genomic
mammalian DNA) was described by Sambrooke and Russell, (2001). The
other authors indicated that DNA extracted by this method is suitable for use
as a template in PCR experiment. In this study, the quantities of DNA which
were obtained from 600 pl of whole blood of normal individuals and
leukemia patients were equal or less than 50 pg, and the purity of the prepared
DNA was less than 1.0. DNA preparation with such quality might be suitable
for specific PCR assays (Saiki et al., 1990). Although, RAPD-PCR technique
does not require large quantities of DNA (Rafalski, 1997), but this assay and
restriction enzyme experiments required highly purified DNA (Strauss, 2002).
Hence, the genomic DNA obtained by this method was found not suitable for
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the purpose of experimental work designed in this research. Therefore another
method of DNA extraction was followed, namely by using extraction kit.

The second method for extraction of genomic DNA was carried out with
wizard genomic DNA purification kit obtained from Promega Company. In
this method suitable quantities of DNA approximately (100 — 600 ug) were
obtained from 300 pl of whole blood. The purity of isolated DNA ranged
from (1.6 - 1.9). Fig. (3 - 1) illustrated the differences in DNA yield between
the two methods used for DNA isolation from the same blood samples.
According to these results it was found that the second method is more
suitable method for DNA isolation from whole blood for RAPD-PCR analysis
and restriction enzyme experiments, other investigators reported similar

results (Neri et al., 2004; Yu et al., 2006; Tan et al., 2006).

1030
900
800
700
600
500
400
300
200

Fig 100 3 - 1)

Agarose
gel ( 1% )
electrophoresis of the DNA samples isolated from four patients, with run
3volt/cm for two hours. The lanes A, C, E, and G represent the DNA bands of
leukemia patients obtained with Sambrook’s method lanes B, D, F, and H
represent the DNA bands of leukemia patients obtained with wizard genomic
DNA isolation kit method. Lane L indicates the A DNA as a ladder (100 —

1031 bp).
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Various obstacles faced extraction of genomic DNA from several leukemia

patients. These problems could be summarized as following :

1- The two methods which were used for DNA extraction in this study
were found not suitable for DNA extraction from clotted blood.

2- The low count of W.B.C which result in low genomic DNA yield.

Figure (3 - 2) illustrated the number of leukemia cases that were studied for
DNA extraction considering blood samples characteristic, i.e clotted blood,
low and high W.B.C count. Only 45 patients of the total number of leukemia
cases gave good yield of DNA. The rest of cases were distributed between ten
cases of clotted blood, and ten cases showed low W.B.C count with low DNA

concentration.

65 Leukemia patients

u 55 Non clotted blood u 10 Clotted blood ‘

™ ™\

10 Low DNA
concentration

45 Good DNA
concentration

Figure (3 — 2): The characteristics of blood samples and DNA yield from

leukemia patients.

3.2.2 RAPD-PCR Analysis
In this study (22) different arbitrary primers of decamer oligonucleotides were

screened for RAPD analysis using genomic DNA isolated from (45) patients

147

——
| —



Chapter Three Results and Discussion

of different types of leukemia (ALL, AML, CLL and CML). The control
RAPD experiments were carried out by isolation of genomic DNA from ten
normal individuals. DNA pooling procedure was used for normal male and
female individuals (Sham et al., 2002). RAPD technique is known to be
sensitive to the reaction conditions (Penner et al., 1993). Therefore, a number
of preliminary experiments were carried out. The first amplification resulted
products with long smeary forms. Therefore, the results could not be analyzed
because no clear and discrete bands could be detected. This smearness of
RAPD product is generally contributed to several reaction condition factors
such as: DNA concentration, primer quality and concentration, the Taq
polymerase and dNTPs concentration, and the number of the cycles in the
program (Rafalski, 1997). Therefore, in later experiments, attempts were
made to empirically optimize these factors. These included the retesting of
genomic DNA concentration prepared, accuracy of pipetting, well mixing of
the reaction contents, and changing the cycles number required for
amplification (Benter et al., 1995). After optimizing these conditions,
successful results were obtained using the same primers. After the
optimization of RAPD-PCR reaction, the obtained results classified the 22
different primers into two categories:

In the first category, no amplified products were detected. In spite of
repeating a number of experiments, similar results were obtained using 13
different primers. These included OPA-01, OPA-11, OPA-12, OPA-14, OPB-
11, OPB-12, OPC-01, OPF-18, OPI-18, OPJ-01, OPK-08, OPY-10 and OPZ-
19. The failure of these primers to amplify the genomic DNA of normal
persons and leukemia patients may be attributed to the absence of suitable
priming sites for these primers in the genomes of tested leukemia patients and
normal individuals. In other words, there are no complementary sequences for

these primers in leukemia patients and normal individual's genomes. Similar
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results have been reported by other investigators. Papadopoulos and his
coworkers 1identified a number of RAPD primers that didn't show
amplification products in breast cancer and uveal melanoma (Papadopoulos et

al., 2002).

Whereas primers in the second category were found to produce amplified
products, this category included nine primers, namely OPA-09, OPA-13,
OPB-15, OPB-17, OPB-18, OPE-05, OPJ-05, OPW-17 and OPZ-02. When
using these primers, a reasonable degree of DNA polymorphism was detected
between normal person and leukemia patients. According to RAPD analysis,
DNA polymorphisms among individuals are generally revealed and detected
in three forms (Dil-Afroze et al., 1998; Papadopoulos et al., 2002; Wang et
al., 2002):

1. The presence or absence of DNA bands.

2. Differences in the molecular weight of bands.

3. Number of amplified bands.

In this study nine primers were used to investigate four different types of
leukemia, and each primer had shown various number and pattern of bands.
Thus, a detailed survey of RAPD results observed in each type of leukemia

when using each of these nine primers will be described.

3.2.2.1 Primer OPA-09

This primer which has the sequence of (GGGTAACGCC) gave various
numbers and patterns of bands across the lanes for four types of leukemia as
seen in figure (3 — 3, a, b, ¢ and d). Amplified bands were detected ranged (2 -

4) across the lanes. The molecular weights of these bands ranged (1000 -
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3162) bp. Although, this primer amplified detectable and discrete bands, there
were loss of amplified products in several lanes (lane 2 in fig. 3 — 4, lanes 2,
5,6,8,9,11, 13 in fig. 3 — 5) which represent CML1, AML1, AML4, AMLS,
AML7, AMLS, AML9 and AMLI1 patients respectively. The loss of
amplified products in these lanes may be caused by the absence of binding
sites for this primer in the genome of these patients (Mahenthiralingam et al.,
1996). The results which were shown in figures (3 —3,3 —-4,3 -5 and 3 - 6)
demonstrated that the DNA polymorphism which can be easily detected by
primer OPA-09 among the leukemia patients. Loss or gain of amplified
band(s) in leukemia patient in comparison with normal individual is clearly
detectable. For example the band number one with molecular weight 3162 bp
lost in ALL1 , ALL2 , ALL3 , ALL4 , ALL6 , ALL7 , ALL9, ALL10,
ALL11, AML2, AML3 , AML6 , AML10, CLL1, CLL2, CLL3, CLL4,
CLL5, CLL6, CLL8, CML2, CML3, CML4, CML5, CML6, CML7, CML10,
CML11, CML12, CML13 and CML15, while this band was present in normal
individuals and other leukemia patients.

The bands number two and three with molecular weight 2187 and 1660 bp
respectively were present in all normal samples and in all four types' leukemia
patients, except in patient CLL 9, band number two was lost.

The band number four with molecular weight 1000 bp was gained in ALL2 ,
ALL3 , ALL4, ALL6 , ALL7, AML3, CML4 and CML9 while this band was

absent in normal persons and other patients.

3.2.2.2 The primer OPA- 13

RAPD analysis with primer OPA-13 which has the sequence
(CAGCACCCACQC) resulted in amplified bands ranging between (5 — 13)
bands across the lanes as shown in fig (3 — 7,3 — 8,3 — 9 and 3 - 10). The
molecular weight of these bands ranged between (250 - 1260) bp.
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The bands number one and two with molecular weight 1260 and 910 bp
respectively were present in most of leukemia patients and normal
individuals, but were absent only in AMLS patient. The band number one

was absent in CLL2 and CLL3 patients.

The band number three with molecular weight 810 bp was absent in AMLS,
CLL2, CLL3, CLL4, CLL5, CML1 and CMLY7 patients and it was present in

normal individuals and in other leukemia patients.

The band number four with molecular weight 760 bp was present in normal
individuals and in the majority of leukemia patients, however it was absent
in AMLS5, CLL1, CLL5, CLL6, CLL7, CML1, CML2, CML3, CMLA4,
CMLS5, CML6, CML7, CML10, CML11 and CML12 patients.

The band number five with molecular weight 740 bp was absent in ALLI1,
AMLS, AMLI1, CML7 and in CLL patients, on the other hand, it was

present in other leukemia patients and normal male individuals.

The bands number six, seven, nine and 12 with molecular weights 730, 600,
510 and 300 bp respectively were present in all leukemia patients and normal

individuals.

The band number eight with molecular weight 580 bp was present in ALL7,
ALLS, ALL10, ALL11, AML6, AML7, AMLS, CLL3, CLL4, CLL5, CLLS,
CLL6, CLL7 and CLLS8, while this band was absent in normal individuals

and in other leukemia patients.
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The band number ten with molecular weight 490 bp was absent in ALLI1,
ALL4, ALLS, ALL7, ALL9, ALL10, ALL11, AML3, AMLI11, CLL3,
CLLS5, CLL6, CML1, CML3, CML4, CML5, CML6, CML7, CML10 and
CML15. However this band was present in normal individuals and other

leukemia patients.

The band number 11 with molecular weight 350 bp was absent in normal
individuals, ALL1, ALL4, ALLS5, ALL6, ALL9, ALLI11, AML3, AMLA4,
AML7, AMLS, AMLI11, CLL3, CLL4, CLLS, CML5, CML6 and CML9. On

other hand this band was present in other leukemia patients.

The last band (number 12) with molecular weight 250 bp was absent in
normal individuals and in most leukemia patients, while it was present in
ALL2, ALL3, ALL4, ALLS, ALL6, ALL7, ALL8, AMLI1, AML2, CLL2,
CLL3, CLL7 and CML?9.

1 ) ) b ) " ats. Lane
]L12345678910). L12345¢67891011121314151617

1031
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200

100 Figure (3 — 4): RAPD-PCR analysis of band patterns of
CML patients obtained with OPA-09 primer.
Electrophoresis was performed on (1.5%) agarose gel

Figure (3 — 3): RAPD-PCR analysis of band and run with 3 volt/cm for two hours. The lane 1
patterns of CLL patients obtained with OPA-09 represent normal females, lanes from 2 to 8 represent the
primer. Electrophoresis was performed on (1.5%) CML female patients, lane 9 represent normal males,
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males patients. Lane L indicates the A DNA as a
ladder (100 — 1031bp).

L 12 34 56 7 8 9 10111213

Figure (3 — 5): RAPD-PCR analysis of band
patterns of AML patients obtained with OPA-09
primer. Electrophoresis was performed on (1.5%)
agarose gel and run with 3 volt/cm for two hours.
The lane 1 represent normal females, lanes from
2 to 9 represent the AML female patient, lane 10
represent normal males, lanes from 11 to 13
represent AML males patients. Lane L indicates
the A DNA as a ladder (100 — 1031bp).

L12 3 4 56 7 8 9 10

Figure (3 — 7): RAPD-PCR analysis of band
patterns of CLL patients obtained with OPA-13
primer. Electrophoresis was performed on (1.5%)
agarose gel and run with 3 volt/cm for two hours.
The lane 1 represent normal females, lane 2
represent the CLL female patient, lane 3 represent
normal males, lanes from 4 to 10 represent CLL
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agarose gel and run with 3 volt/cm for two hours.
The lane 1 represent normal females, lane 2
represent the CLL female patient, lane 3 represent
normal males, lanes from 4 to 10 represent CLL

L 1

2 34 5 6 7 8 9

10 11 12 13

Figure (3 — 6): RAPD-PCR analysis of band patterns of
ALL patients obtained with OPA-09 primer.
Electrophoresis was performed on (1.5%) agarose gel
and run with 3 volt/cm for two hours. The lane 1
represent normal females, lanes from 2 to 7 represent
the ALL female patient, lane 8 represent normal males,
lanes from 9 to 11 represent ALL males patients. Lane
L indicates the A DNA as a ladder (100 — 1031bp).

L1 2345 67 8

Figure (3 — 8): RAPD-PCR analysis of band patterns of CML
patients obtained with OPA-13 primer. Electrophoresis was
performed on (1.5%) agarose gel and run with 3 volt/cm for
two hours. The lane 1 represent normal females, lanes from 2
to 8 represent the CML female patients, lane 9 represent
normal males, lanes from 10 to 17 represent CML males
patients. Lane L indicates the A DNA as a ladder (100 —
1031bp).
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males patients. Lane L indicates the A DNA as a
ladder (100 — 1031bp).

L 1 23 4 5 6 7 8 9 1011 1213 L1 234 5 6 7 89 10 11 12 13
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Figure (3 — 9) : RAPD-PCR analysis of band Figure (3 — 10) : RAPD-PCR analysis of band
patterns of AML patients obtained with OPA- patterns of ALL patients obtained with OPA-13
13 primer. Electrophoresis was performed on primer. Electrophoresis was performed on (1.5%)
(1.5%) agarose gel and run with 3 volt/cm. agarose gel and run with 3 volt/cm for two hours.
The lane 1 represent normal females, lanes The lane 1 represent normal females, lanes from 2
from 2 to 9 represent the AML female patient, to 7 represent the ALL female patient, lane 8
lane 10 represent normal males, lanes from 11 represent normal males, lanes from 9 to 11
to 13 represent AML males patients. Lane L represent ALL males patients. Lane L indicates the
indicates the A DNA as a ladder (100 — L DNA as a ladder (100 — 103 1bp).

1031bp).
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3.2.2.3 The primer OPB-15

RAPD analysis wusing this primer which has the sequence of
(GGAGGGTGTT) gave a total number of 433 bands. These bands ranged
between (2 - 13) across the lanes as seen in Figure (3 — 11,3 — 12,3 — 13 and
3 - 14). This primer gave bands with molecular weights ranged between (95 -
2560) bp. The band number one with molecular weight 2560 bp was present
in ALL2, ALL3, ALL4, ALLS, ALL6, ALL7, ALLS, ALL9, ALL10, ALL11,
AML3, AMLY9, AML10, CLL1, CLL4, CLLS, CLL6, CML8, CML14 and
CMLI15. On the other hand this band was absent in normal individuals and

other leukemia patients.

The bands number two, three and four with molecular weights 2300, 2100 and
1950 bp respectively were present only in ALL 2, ALL3, ALL4, ALLS,
ALL6, ALLS, ALL9, ALL10, ALL11, CLLI1, CLL4, CLLS, CLL6 and CLL7.
Bands number two and three only were present in AML 3. Bands number two
and four were present only in CLL2 and CLL3. Bands number three and four
were present only in CML2, CML3, CML4, CML5, CML6, CMLS8, CMLI11,
CMLI12, CML14, CMLI15. However these bands were absent in normal

individuals and other leukemia patients.

The bands number five and six with molecular weight 1080 and 900 bp
respectively were present in normal individuals and most of leukemia
patients, other patient had the band shifting of these bands. The band shifting
of band number five with molecular weight 1140 bp. was present in ALLI1,
AMLI1, CML1, CML2, CML3, CML4, CMLS5, CML6 and CML7. The band
shifting of band number six with molecular weight 950 bp was present in

ALLI, AMLI1, AMLS5 and AMLY7.
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The band number seven with molecular weight 760 bp was absent in AML1,
AML4, AMLS5, AML6, AML7, AMLS and present in normal individuals and
other leukemia patients. It is noteworthy to mention that the band with
molecular weight 800 bp (probably band shift of band number seven ) was
present in ALL1 and AML3.

The band number eight with molecular weight 690 bp was present in normal
individuals, ALL2, ALL3, ALL4, ALLS5, ALL6, ALL7, ALLS, ALLO9,
ALL10, ALL11, AML patients and CLL2. Here band shifting also was
observed, the band shift of band number seven with molecular weight 710 bp

was present in ALLI.

The band number nine with molecular weight 580 bp was present in normal
individuals and most of leukemia patients except in AML1, AML2, AMLA4,
AMLS, AML6, AML7, AMLS, AML9 and AML10 was lost.

The bands number ten and 11 with molecular weights 480 and 460 bp
respectively were present in normal individuals, ALL2, ALL7, ALLS, ALL9,
ALL10, ALLI11, AML2, AML3, AMLY9, CLL patients, CML2, CMLA4,
CML5, CML6, CMLS8, CML9, CML11, CML12 and CML14. Band number
11 was present in ALL3, ALL4, ALLS and ALL6. These bands were absent

in other leukemia patients.

The band number 12 with molecular weight 360 bp was present in normal
individuals, ALL2, ALL3, ALL4, ALLS5, ALL6, ALL7, ALLS, ALLO9,
ALL10, ALL11, CLL2, CLL3, CLL6 and CLL7. This band was absent in

other leukemia patients.
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The band number 13 with molecular weight 290 bp was present in normal
individuals and in ALL, CLL and CML leukemia patients, but was absent in
AML patients.

The band number 14 with molecular weight 95 bp was present in normal

individuals and in all leukemia patients.

3.2.2.4 The primer OPB-17

A total number of 255 amplified bands were detected when using this primer
that has the sequence of (AGGGAACGAG). This primer amplified bands
ranging between ( 3 - 11) across the lanes as seen in Figure (3 — 15,3 - 16, 3 -
17 and 3 - 18). The molecular weights of these bands ranged between 250 -
1770 bp. The bands number one and two with molecular weight 1770 bp and
1620 bp respectively were absent in normal individuals and most leukemia
patients except ALL2, ALL3, ALL4, ALLS, ALL7, ALL10, AML2, AML3,
AML6, AML9, AML10, CLL5, CLL6, CMLI1, CML2 and CMLA4, thus these
two bands were considered gain bands. On the other hand band number one
was considered a gain band in following patients: ALL 8, ALL9, ALLII1,
AML4, AMLS5 and AML7.

The band number three with molecular weight 1240 bp was present in ALL2,
ALL4, ALLS, ALLS, ALL11, AML2, AML3, AML4, AML5, AML6, AMLD9,
AML10, CLL3, CLLS5, CLL6, CLL7. The band shifting of this band was
observed with molecular weight of 1.18 kbp which was present in ALLI0.
However this band was absent in normal individuals and other leukemia
patients.

The band number four with molecular weight 1020 bp was present in ALL2,
ALL3, ALL4, ALLS5, ALL7, ALL8, ALL9, ALL10, ALL11, AML2, AML3,
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AML6 and CMLA4. It was absent in normal individuals and other leukemia

patients.

The band number five with molecular weight 960 bp was present in normal
individuals, ALL3, ALLS, ALL9, AML1, AML4, AMLS5, AML7, AMLS,
CLL3, CLL6 and CLLS. There were two bands shifting of this band, first
band shifting with molecular weight 940 bp was present in ALL7, ALL10,
AML2, AML3, AML6, AML9, AML10, AML11, CLLI, CLL4, CLLS,
CLL7, CMLI, CML2, CML3, CML4, CML5, CML6, CML7, CML8, CML9,
CML12, CML13, CMLI14 and CMLI15. The second band shifting with
molecular weight 980 bp was present in ALL1, ALL2, ALL4, ALLS, ALL6,
ALLI11. This band was absent in CLL2, CML10 and CMLI11.

The band number six with molecular weight 860 bp was present in normal
individuals, ALL3, ALLS, ALL9, ALL11, AML1, AML4, AMLS, AML7,
AMLS, CLL and CML patients. There were two bands shifting of this band,
first with molecular weight 830 bp was present in ALL7, ALL10, AML2,
AML3, AML6, AML9, AMLI10 and AMLI11. The second band shifting with
molecular weight 880 bp was present in ALL1, ALL2, ALL4, ALLS and
ALLSG.

The band number seven with molecular weight 660 bp was present in normal
individuals, ALL1, ALL6, ALL7, ALLS, ALL9, ALL10, ALL11, AML2,
AML3, AMLS5, AML6, CLL patients, CML1, CML2, CML4, CMLS8, CML9,
CML13, CML14 and CML15. The band shifting of this band with molecular
weight 680 bp was present in ALL2, ALL3, ALL4 and ALLS. In other hand

this band was absent in other leukemia patients.
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The band number eight with molecular weight 560 bp was present in AML
patients. This band was absent in normal individuals and other leukemia
patients. The band number nine with molecular weight 500 bp was present in
normal individuals, ALL2, ALL3, ALL4, ALLS, ALL7, ALL9, ALLIO,
ALLI11, CLL1, CLLS5, CML1, CML2, CML4, CMLS5, CML6, CML7, CMLS,
CML10, CMLI11, CML12, CML13, CML14 and CML15. This band was

absent in other leukemia patients.

The band number ten with molecular weight 430 bp was present in normal
individuals, ALL2, ALL3, ALL7, ALL9, ALL10, AML2, AML3, AMLS5,
AML6, AML9, AML10, CLL1, CLL4, CLL5 and CLL7. However, this band

was lost in other leukemia patients.

The band number 11 with molecular weight 390 bp was absent in normal
individuals and most leukemia patients, but was gained in AML2, AML3 and
AMLG.

The band number 12 with molecular weight 250 bp was absent in normal
individuals and most leukemia patients, but was present in AMLI1, AML2,

AML3, AML6, AML9 and AMLI10.

L 12345678 910 L12345678 L91011121314151617

79

——
| —



1031
900
800
700
600
500
400
300
200
100

1031
900
800
700
600
500
400
300
200

100

Chapter Three

Results and Discussion

Figure (3 — 11) : RAPD-PCR analysis of band
patterns of CLL patients obtained with OPB-15
primer. Electrophoresis was performed on (1.5%)
agarose gel and run with 3 volt/cm for two hours.
The lane 1 represent normal females, lane 2
represent the CLL female patients, lane 4
represent normal males, lanes from 3 to 10
represent CLL males patients. Lane L indicates
the A DNA as a ladder (100 — 1031bp).

L 1 2 3 4 5 6 7 8 9 10 1112 13

Figure (3 — 13) : RAPD-PCR analysis of band
patterns of AML patients obtained with OPB-15
primer. Electrophoresis was performed on (1.5%)
agarose gel and run with 3 volt/cm for two hours.
The lane 1 represent normal females, lanes from
2 to 9 represent the AML female patients, lane 10
represent normal males, lanes from 11 to 13
represent AML males patients. Lane L indicates
the A DNA as a ladder (100 — 1031 bp).
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Figure (3 — 12) : RAPD-PCR analysis of band patterns of
CML  patients obtained with OPB-15 primer.
Electrophoresis was performed on (1.5%) agarose gel and
run with 3 volt/cm for two hours. The lane 1 represent
normal females, lanes from 2 to 8 represent the CML
female patients, lane 9 represent normal males, lanes from
10 to 17 represent CML males patients. Lane L indicates
the A DNA as a ladder (100 — 1031bp).
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Figure (3 — 14) : RAPD-PCR analysis of band patterns of
ALL patients obtained with OPB-15 primer.
Electrophoresis was performed on (1.5%) agarose gel
and run with 3 volt/cm for two hours. The lane 1
represent normal females, lanes from 2 to 7 represent
the ALL female patients, lane 8 represent normal males,
lanes from 9 to 11 represent ALL males patients. Lane L
indicates the A DNA as a ladder (100 — 1031bp).
75 |



1031

1031
900
800
700
600
500
400
300
200

100

900
800
700
600
500
400
300
200
100

Chapter Three

Results and Discussion

L1223 4546 738 910

Figure (3 — 15) : RAPD-PCR analysis of band
patterns of CLL patients obtained with OP-B17
primer. Electrophoresis was performed on
(1.5%) agarose gel and run with 3 volt/cm for
two hours. The lane 1 represent normal
females, lane 2 represent the CLL female
patient, lane 3 represent normal males, lanes
from 4 to 10 represent CLL males patients.
Lane L indicates the A DNA as a ladder (100 —

1031 bp).

L 1 2 3 456 7 89 10 1112 13

Figure (3 — 17): RAPD-PCR analysis of band
patterns of AML patients obtained with OPB-17
primer. Electrophoresis was performed on (1.5%)
agarose gel and run with 3 volt/cm for two hours.
The lane 1 represent normal females, lanes from
2 to 9 represent the AML female patient, lane 10
represent normal males, lanes from 11 to 13
represent AML males patients. Lane L indicates
the A DNA as a ladder.

3.2.2.5 The primer OPB- 18
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Figure (3 — 16): RAPD-PCR analysis of band patterns of
CML patients obtained with OPB-17 primer.
Electrophoresis was performed on (1.5%) agarose gel
and run with 3 volt/cm for two hours. The lane 1
represent normal females, lanes from 2 to 8 represent
the CML female patients, lane 9 represent normal males,
lanes from 10 to 17 represent CML males patients. Lane
L indicates the A DNA as a ladder (100 — 1031 bp).

L 1 2 3 4 5 6 7 8 9 10 11 12 13

Figure (3 — 18): RAPD-PCR analysis of band patterns
of ALL patients obtained with OPB-17 primer.
Electrophoresis was performed on (1.5%) agarose gel
and run with 3 volt/cm for two hours. The lane 1
represent normal females, lanes from 2 to7 represent
the ALL female patient, lane 8 represent normal males,
lanes from 9 to 11 represent ALL males patients. Lane
L indicates the A DNA as a ladder.
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When using this primer which has the sequence of (AGGTGACCGT), a total
number of 314 amplified bands were detected and they ranged between (1 -
10) across the lanes as seen in Figures (3 — 19, 3 - 20, 3 - 21 and 3 - 22). The
molecular weights of these bands ranged between (220 - 1820) bp. The band
number one with molecular weight 1820 bp was present only in CML2,
CML3 and CMLS patients and was lost in other normal individuals and
leukemia patients.

The band number two with molecular weight 1610 bp was lost in ALLI,
ALLS, ALL9, ALL11, AML1, AML4, AMLS5, AML8, AML9, AMLI10,
AMLI11, CLL2, CLL3, CLL7, CML1, CML6 and CML10. However, it was

present in normal individuals and in other leukemia patients.

The band number three with molecular weight 1520 bp was lost in ALLI,
ALL9, ALL11, AML4, CLL2, CLL3, CLL6, CLL7, CMLI, CML6 and
CMLI10. However, it was present in normal individuals and other leukemia
patients. The band shifting of this band with molecular weight 1500 kbp was
present in AML2, AML3 and AMLS6.

The band number four with molecular weight 1250 bp was present in ALL10,
CML2 and CMLS, but it was absent in normal individuals and other leukemia

patients.

The bands number five with molecular weight 1150 bp was present in normal
individuals, ALL6, ALL7, CLL1, CLL2, CLL3, CLL6, CLL7, CLLS, CML2,
CML3, CML4, CML5, CML7, CML8, CML9, CML13 and CMLI15. There
were two bands shifting of this band, the first band's shift with molecular
weight 1172 bp was present in ALL2, ALL3, ALL4, AMLI1, AML4, AMLS,
AML7, AMLS, AML9, AML10 and AMLI11. The second band's shift with
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molecular weight 1138 bp was present in ALL10, AML2, AML3, AML6,
CLL4 and CLLS.

The band number six with molecular weight 850 bp was gained in ALL7,
ALLS, AMLS5, AML6, CML2, CML3 and CML9, but was absent in normal

individuals and other leukemia patients.

The band number seven with molecular weight 740 bp was present in normal
individuals, ALL2, ALL7, ALLS, ALL9, ALL10, AMLI1, AML2, AMLA4,
AMLS, AML6, CLL2, CML2, CML3, CML4, CMLS8, CML9, CML10 and
CML15. Band shifting of this band with molecular weight 700 bp was present

in ALL3. On other hand this band was absent in other leukemia patients.

The band number eight with molecular weight 640 bp was present in normal
individuals, ALL2, ALL3, ALL4, ALL6, ALL7, ALLS8, ALL10, AMLI,
AML2, AML3, AMLS5, AML6, AML7, AML9, AML10, AMLI11, CLL2,
CLL3, CLL4, CLLS5, CLL6, CLL7, CLLS, CML2, CML8, CML9 and

CML10, but was absent in and other leukemia patients.

The band number nine with molecular weight 430 bp was present in ALL2,
ALL3, ALL7, ALLS, CLL2, CLL3, CLL4, CLLS5, CLL7, CML2, CML3,
CML9 and CML10, but was absent in normal individuals and other leukemia

patients.

The bands number ten, 11 and 12 with molecular weight 380, 350, 280 bp
respectively were present in most leukemia patients except the following

cases: in patients ALL7, ALL10, CLL2 band number ten was absent;
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whereas, band number 11 was absent in ALL 9, ALL11, CML14, in addition
band number 12 was absent in ALL11, CML6 and CML7.

The band number 13 with molecular weight 220 bp was present in normal

individuals, AML4, AML6, AML7. It was absent in other leukemia patients.

3.2.2.6 The primer OPE- 05

This primer has the sequence of (TCAGGGAGGT). It amplified a total
number of 384 bands ranging between (2 - 10) across the lanes. The
molecular weights of these bands ranged between (450 - 2270) bp as seen in
Figures (3 — 23,3 -24,3 -25and 3 - 26).

The bands number one and band number two with molecular weights 2270
and 2110 bp respectively were absent in ALL1, ALL3, ALL4, AML1, AMLA4,
AMLS, AML6, AML7, AMLS, AML10, AMLI11, CLL2, CLL3, CLL7,
CML2, CML9 and CML10. On the other hand these bands were present in

normal individuals and other leukemia patients.

The bands number three, four and five with molecular weights 1580, 1440
and 1240 bp respectively were present in normal individuals
and in most leukemia patients, except in patients ALL1, ALL3, ALL4, ALL9,
bands number three and four were absent and in AMLI1, AMLS, CLL2,
CLL3, CLL4 and CLL7 band number three was absent. Band number five
was absent in AMLS.
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The bands number six and seven with molecular weights 1070 and 960 bp
respectively were present in normal individuals and in most leukemia
patients, except in ALLI, ALL3, ALL4, ALLY9, AML1, AML2, AMLS,
CLL1, CLL7, CLL8 band number six was absent, and in AML1, AML2,
AMLS, CML2, CML9 and CML10 band number seven was absent.

The bands number eight and nine with molecular weights 820 and 750 bp
respectively were present in normal individuals and in most leukemia
patients, except in ALL9, AML1, AMLS5, AMLS, CLL1, CLL2, CLL3,
CLL4, CLL7, CLL8, CML2, CML9 and CML10, the two bands were absent .

The bands number ten, 11 and 12 with molecular weights 660, 500 and 430
bp respectively were present in normal individuals, ALL2, ALLS5, ALLS®6,
ALL7, ALLS, ALL10, ALL11. Band number ten was present only in CLL
patients. Band number 11 was present only in CML2, CML9 and CMLI10.

L123456 789 L101112131415161718
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100 Figyre (3 — 20) : RAPD-PCR analysis of band patterns
of CML patients obtained with OP-BI18 primer.

Figure (3 — 19) : RAPD-PCR analysis of band Electrophoresis was performed on (1.5%) agarose gel
patterns of CLL patients obtained with OP-B18 and run with 3 volt/cm for two hours. The lane 1
primer. Electrophoresis was performed on (1.5%) represent normal females, lanes from 2 to 8 represent
agarose gel and run with 3 volt/cm for two hours. the CML female patients, lane 9 represent normal
The lane 1 represent normal females, lane 2 males, lanes from 10 to 17 represent CML males
represent the CLL female patient, lane 3 represent patients. Lane L indicates the A DNA as a ladder (100
normal males, lanes from 4 to 10 represent CLL —1031 bp).

males patients. Lane L indicates the A DNA as a
ladder (100 — 1031 bp).

L1 234 5 6 7 8 9101112 13 L1 2 345 6 7 8 9 1011 12 13

1031 1031
900

900
800
800 700
Zgg ---2--------— 600
= - - 500

500
400 400
300

300
200 200
100 100

Figure (3 — 21) : RAPD-PCR analysis of band Figure (3 — 22) : RAPD-PCR analysis of band
patterns of AML patients obtained with OP-B18 patterns of ALL patients obtained with OP-BI8
primer. Electrophoresis was performed on (1.5%) primer. Electrophoresis was performed on (1.5%)
agarose gel and run with 3 volt/em for two hours. agarose gel and run with 3 volt/cm for two hours.
The lane 1 represent normal females, lanes from The lane 1 represent normal females, .lanes from 2
2 to 9 represent the AML female patient, lane 10 to7 represent the ALL female patient, lane 8
represent normal males, lanes from 11 to 13 represent normal males, lanes from 9 to 11 represent
represent AML males patients. Lane L indicates ALL males patients. Lane L indicates the A DNA as
the . DNA as a ladder (100 — 1031 bp). a ladder (100 - 1031 bp).
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Figure (3 — 23) : RAPD-PCR analysis of band
patterns of CLL patients obtained with OPE-05
primer. Electrophoresis was performed on (1.5%)
agarose gel and run with 3 volt/cm for two hours.
The lane 1 represent normal females, lane 2
represent the CLL female patient, lane 3 represent
normal males, lanes from 4 to 10 represent CLL
males patients. Lane L indicates the A DNA as a
ladder (100 — 1031 bp).

L 1 2 34 5 6 7 8 9 10 11 12 13

Figure (3 — 25) : RAPD-PCR analysis of band
patterns of AML patients obtained with OPE-05
primer. Electrophoresis was performed on (1.5%)
agarose gel and run with 3 volt/cm for two hours.
The lane 1 represent normal females, lanes from
2 to 9 represent the AML female patient, lane 10
represent normal males, lanes from 11 to 13
represent AML males patients. Lane L indicates
the A DNA as a ladder (100 — 1031 bp).

3.2.2.7 The primer OPJ- 05
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Figure (3 — 24) : RAPD-PCR analysis of band patterns
of CML patients obtained with OPE-05 primer.
Electrophoresis was performed on (1.5%) agarose gel
and run with 3 volt/cm for two hours. The lane 1
represent normal females, lanes from 2 to 8 represent
the CML female patients, lane 9 represent normal
males, lanes from 10 to 17 represent CML males
patients. Lane L indicates the A DNA as a ladder (100 —
1031 bp).
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Figure (3 — 26) : RAPD-PCR analysis of band
patterns of ALL patients obtained with OPE-05
primer. Electrophoresis was performed on (1.5%)
agarose gel and run with 3 volt/cm for two hours.
The lane 1 represent normal females, lanes from
2 to7 represent the ALL female patient, lane 8
represent normal males, lanes from 9 to 11
represent ALL males patients. Lane L indicates
the A DNA as a ladder (100 — 1031 bp).
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This primer has the sequence of (CTCCATGGGG). It amplified a total
number of 511 bands ranging between (4 - 15) across the lanes. The

molecular weights of these bands ranged between (95 - 1570) bp as seen in

Figures (3 —27,3 - 28, 3 - 29 and 3 - 30).

The bands number one and two with molecular weights 1570 and 1460 bp
respectively were present in ALL1, ALL2, ALL3, ALL4, ALLS, ALL7,
ALLS, ALL9, AML3, AML6, AML10, CLL1, CLL3, CLL5, CLL6, CMLI1,
CML2, CML3, CML4, CML5, CMLI11, CML12 and CML13. On the other

hand this band was absent in normal individuals and other leukemia patients.

The bands number three and four with molecular weights 1240 and 1120 bp
respectively were present in normal individuals and most leukemia patients,
except in CLL2 and CML9 were absent. Band number three was absent in

ALL10, ALL11, CLL7 and CML10.

The band number five with molecular weight 960 bp was present in normal

individuals and all leukemia patients.

The bands number six and seven with molecular weights 760 and 730 bp
respectively were present in normal individuals and most leukemia patients,
except in CML8 and CML9 were absent, whereas in ALL10 and ALL11 the

band number seven was absent.

The band number eight with molecular weight 670 bp was gained in ALL2,
ALL3, ALL4, ALL7, ALLS, ALL9, AML3, AML4, CLL1, CLL2, CLL5 and
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CLL6. However it was absent in normal individuals and other leukemia

patients.

The band number nine with molecular weight 620 bp was present in normal
individuals and most of leukemia patients. It was lost in ALL10, ALLI11,
CLL2, CLL4, CLL7, CMLS5, CML6, CML7, CML8, CML9, CMLI10,
CML11, CML12, CML14 and CMLI15.

The band number ten with molecular weight 530 bp was present in normal

individuals and all leukemia patients.

The band number 11 with molecular weight 460 bp was absent in normal
female individuals and other leukemia patients. On the other hand this band
was present in normal male individuals, ALL7, ALLS, ALL9, ALLIO,
AMLY9, AMLI10, CLL2, CLL3, CLL4, CLL5, CLL6, CLL8, CML4, CMLS,
CML9, CML10, CML11, CML12, CML13, CML14 and CML15.

The bands number 12, 13 and 14 with molecular weights 350, 230 and 190 bp
respectively were present in normal individuals and most leukemia patients,
except in ALL11 and CLL7 were lost. Bands number 13 and 14 were lost in
ALL10, CLL4, CLL7 and CLL8. Band number 12 was lost in AML7, AMLS
and CMLS.

The band number 15 with molecular weight 95 bp was absent in normal
individuals and most leukemia patients except in AML2, AML4, AMLS,
CLL2, CLL3, CLL7 and CLLZ&, this band was gained.
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3.2.2.8 The primer OPW- 17

When using this primer that has the sequence of (GTCCTGGGTT), a total
number of 372 bands were obtained as seen in figure (3 — 32, 3 - 33,3 - 34
and 3 - 35). The molecular weights of these bands ranged between (197 -
1883) bp. Amplified bands were ranged between (3 - 12) across the lanes.

The bands number one and two with molecular weights 1883 and 1743 bp
respectively were absent in normal individual and most leukemia patients. On

the other hand this band was gained only in AML9 and CLLS5.

The bands number three, four and five with molecular weights 1560, 1500
and 1400 bp respectively were gained in AML1, AML3, AML4, AMLS,
AML7, AMLS. Band number four and five was gained also in AML2,
AMLY9, AMLI10 and AML11. However, this band was absent in normal

individuals and other leukemia patents.

The bands number six and seven with molecular weights 1380 and 1310 bp
were present in normal individuals and most leukemia patient, except in

ALL7, CML11 and all AML patients were lost.

The bands number eight and nine with molecular weights 1070 and 970 bp
were present in normal individuals and in majority of leukemia patients,

except in CML11 were lost. Whereas in ALL7 band number eight was lost.

The band number ten with molecular weight 870 bp was absent in normal
individuals, and in ALL, CLL and CML patients. This band was present in
AML patients; however, the band shifting of this band with molecular
weight 800 bp was present in AML2, AML3, AML6, AML9, AML10 and
AMLI11
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The band number 11 with molecular weight 740 bp was absent in normal
individuals and ALL, CLL and CML patients, however it was present in
most AML patients except in AML4, AML6 and AMLS was lost.

The band number 12 with molecular weight 700 bp was present in AMLA4,
AMLS and AMLY7. It was absent in normal individuals and other leukemia

patients.

The bands number 13 and 14 with molecular weights 640 and 600 bp were
present in normal individuals and most leukemia patients, except in AMLG6,
AML7 and AMLS8 were absent. Band number 13 was absent in AMLA4,
AMLS. Band number 14 was absent in ALL9, ALL10, ALLI11.

The band number 15 with molecular weight 520 bp was present in normal

individuals and all leukemia patients.

The band number 16 with molecular weight 420 bp was present in normal
individuals and in ALL, CLL, CML patients. However, this band was
absent in AML patients.

The band number 17 with molecular weight 290 bp was present in AML,
CLL patients. It was absent in normal individuals and other leukemia

patients.

The band number 18 with molecular weight 190 bp was present in AMLI,
AML2, AML3, AMLS5, AML6, AML7, AMLS, AML9, AML10, CLL4,
CLLS5 and CLLS6. It was absent in normal individuals and other leukemia

patients.
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Figure (3 — 28) : RAPD-PCR analysis of band
patterns of CLL patients obtained with OPJ-05
primer. Electrophoresis was performed on (1.5%)
agarose gel and run with 3 volt/cm for two hours.
The lane 1 represent normal females, lane 2
represent the CLL female patient, lane 3 represent
normal males, lanes from 4 to 10 represent CLL
males patients. Lane L indicates the A DNA as a
ladder (100 — 1031 bp).
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Figure (3 — 30) : RAPD-PCR analysis of band
patterns of AML patients obtained with OPJ-05
primer. Electrophoresis was performed on (1.5%)
agarose gel and run with 3 volt/cm for two hours.
The lane 1 represent normal females, lanes from 2
to 9 represent the AML female patient, lane 10
represent normal males, lanes from 11 to 13
represent AML males patients. Lane L indicates
the A DNA as a ladder (100 — 1031 bp).
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Figure (3 — 29) : RAPD-PCR analysis of band patterns of
CML patients obtained with OPJ-05 primer.
Electrophoresis was performed on (1.5%) agarose gel and
run with 3 volt/cm for two hours. The lane 1 represent
normal females, lanes from 2 to 8 represent the CML
female patients, lane 9 represent normal males, lanes
from 10 to 17 represent CML males patients. Lane L
indicates the A DNA as a ladder 100 — 1031 bp).
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Figure (3 — 31) : RAPD-PCR analysis of band
patterns of ALL patients obtained with OPJ-05
primer. Electrophoresis was performed on (1.5%)
agarose gel and run with 3 volt/cm for two hours. The
lane 1 represent normal females, lanes from 2 to7
represent the ALL female patient, lane 8 represent
normal males, lanes from 9 to 11 represent ALL
males patients. Lane L indicates the . DNA as a
ladder (100 — 1031 bp).
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Figure (3 — 32) : RAPD-PCR analysis of band
patterns of CLL patients obtained with OPW-17
primer. Electrophoresis was performed on (1.5%)
agarose gel and run with 3 volt/cm for two hours.
The lane 1 represent normal females, lane 2
represent the CLL female patient, lane 3 represent
normal males, lanes from 4 to 10 represent CLL
males patients. Lane L indicates the A DNA as a
ladder (100 — 1031 bp).
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Figure (3 — 34) : RAPD-PCR analysis of band
patterns of AML patients obtained with OPW-17
primer. Electrophoresis was performed on (1.5%)
agarose gel and run with 3 volt/cm for two hours.
The lane 1 represent normal females, lanes from
2 to 9 represent the AML female patient, lane 10
represent normal males, lanes from 11 to 13
represent AML males patients. Lane L indicates
the A DNA as a ladder (100 — 1031 bp).
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Figure (3 — 33) : RAPD-PCR analysis of band patterns of
CML patients obtained with OPW-17 primer.
Electrophoresis was performed on (1.5%) agarose gel
and run with 3 volt/cm for two hours. The lane 1
represent normal females, lanes from 2 to 8 represent the
CML female patients, lane 9 represent normal males,
lanes from 10 to 17 represent CML males patients. Lane
L indicates the A DNA as a ladder (100 — 1031 bp).
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Figure (3 — 35) : RAPD-PCR analysis of band patterns
of ALL patients obtained with OPW-17 primer.
Electrophoresis was performed on (1.5%) agarose gel
and run with 3 volt/cm for two hours. The lane 1
represent normal females, lanes from 2 to7 represent
the ALL female patient, lane 8 represent normal males,
lanes from 9 to 11 represent ALL males patients. Lane
L indicates the A DNA as a ladder (100 — 1031 bp).
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3.2.2.9 The primer OPZ- 02

This primer which has the sequence of (CCTACGGGGA) gave a total
number of (376) bands. The molecular weights of these bands ranged
between (370 - 1734) bp. The amplified bands ranged between (1 - 11)
across the lanes (Figures 3 — 36,3 -37,3 -38 and 3 - 39).

The band number one with molecular weight 1743 bp was present in
normal individuals, ALL2, ALL3, ALL4, ALLS5, ALL7, ALLS8, ALL9,
ALL10, ALL11, AML1, AML2, AML3, AML4, AML9, AML10, CLL1,
CLL5, CLL6, CML3, CML4, CML5 and CML6 patients. On the other

hand this band was absent in other leukemia patients.

The bands number two and three with molecular weights 1428 and 1167
bp respectively were lost in ALL1, AML7, AMLI11, CLL2, CLLS, CMLI,
CML2, CML7, CML10, CML11 and CML14. Band number two was also
absent in CLL3 and CMLI11. However these bands were present in other

leukemia patients.

The band number four with molecular weight 1143 bp was present in
normal individuals, ALL1, AMLI1, AML2, AML4, AMLS, AML7, AMLS,
AML10, AMLI11, CLL1, CLL2, CLL3, CLL7, CLL8 and CML patients,
except in CML1 and CML2 was lost. Band shifting of this band with

molecular weight 1.126 kbp was present in other leukemia patients.

The band number five with molecular weight 960 bp was absent in ALLI1,
CML1, CML2 and CML7. It was present in normal individuals and other

leukemia patients.
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The band number six with molecular weight 850 bp was lost in ALLI,
ALL9, AML2, AML6, AML7, AMLS, CML1, CML2, CML4, CMLS5,
CML6, CML7, CML8, CMLI11, CML14 and CMLI15. However it was

present in normal individuals and other leukemia patients.

The band number seven with molecular weight 820 bp was present in
normal individuals, ALL4, ALLS5, ALL6, ALL10, ALL11, AML and CLL
patients, CML9, CML10, CML12 and CML13. The band's shift of this
band with molecular weight 790 bp was present in ALL2, ALL3, ALL7 and

ALLS. It was absent in other leukemia patients.

The band number eight with molecular weight 670 bp was present in
normal individuals, and in most leukemia patients but lost in ALL1, AMLI,
AML2, AML3, AML4, AMLS5, AML7, AMLS, AMLI11, CLLI1, CLLS,
CML2, CML5, CML6, CML7 and CML10.

The band number nine with molecular weight 570 bp was present in normal

individuals, and in all leukemia patients except in CML2 was absent.

The band number 10 with molecular weight 430 bp was present in normal
individuals, ALL2, ALL3, ALL4, ALLS, ALL6, ALL7, ALLS, ALLOY,
ALL10, ALL11, AMLI, AMLS, AML6, CLL1, CLL2, CLL3, CMLS,
CML9 and CMLI15. In other hand this band was absent in other leukemia

patients.

The band number 11 with molecular weight 370 bp was present in normal
individuals, and in all leukemia patients except in CML patients which was

absent.
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Figure (3 — 36) : RAPD-PCR analysis of band
patterns of CLL patients obtained with OPZ-02
primer. Electrophoresis was performed on (1.5%)
agarose gel and run with 3 volt/cm for two hours.
The lane 1 represent normal females, lane 2
represent the CLL female patient, lane 3 represent
normal males, lanes from 4 to 10 represent CLL
males patients. Lane L indicates the A DNA as a
ladder (100 — 1031 bp).
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Figure (3 — 37) : RAPD-PCR analysis of band patterns
of CML patients obtained with OPZ-02  primer.
Electrophoresis was performed on (1.5%) agarose gel
and run with 3 volt/cm. The lane | represent normal
females, lanes from 2 to 8 represent the CML female
patients, lane 9 represent normal males, lanes from 10
to 17 represent CML males patients. Lane L indicates
the A DNA as a ladder (100 — 1031 bp).
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Figure (3 — 38) : RAPD-PCR analysis of band
patterns of AML patients obtained with OPZ-02
primer. Electrophoresis was performed on (1.5%)
agarose gel and run with 3 volt/cm for two hours.
The lane 1 represent normal females, lanes from
2 to 9 represent the AML female patient, lane 10
represent normal males, lanes from 11 to 13
represent AML males patients. Lane L indicates
the A DNA as a ladder (100 — 1031 bp).
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Figure (3 — 39) : RAPD-PCR analysis of band patterns
of ALL patients obtained with OPZ-02 primer.
Electrophoresis was performed on (1.5%) agarose gel
and run with 3 volt/cm for two hours. The lane 1
represent normal females, lanes from 2 to7 represent
the ALL female patient, lane 8 represent normal males,
lanes from 9 to 11 represent ALL males patients. Lane
L indicates the A DNA as a ladder (100 — 1031 bp).
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Chapter Three Results and Discussion

In this study, the results of comparative RAPD-PCR analysis of nine primers
had shown DNA polymorphism in genomic DNA obtained from normal
individuals and leukemia patients. This was revealed in patients as well as in
normal individuals; these polymorphisms were either in number or in the
molecular weight of amplified bands. The reported results in this study had
shown different patterns in respect of bands’ profiles obtained by each
primer. It was possible to observe the variation in bands’ numbers, for
example one band was observed when using primer OPB-18 and OPZ-02 in

one patient , on the other hand the highest number of bands (15 bands) were
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observed when using primer OPJ-05, other primers showed bands’ number
in the range > 1 and < 15.

The results of RAPD-PCR analysis of leukemia patients and normal
individuals had shown differences in the molecular weights of amplified
bands, the lowest molecular weight of amplified band was 95 bp when using
primers OPB-15 and OPJ-05, and the highest molecular weight of amplified
band was 3162 bp which was obtained with primer OPA-09. The
polymorphism in the molecular weight of amplified bands demonstrated the
differences in the length between the primer binding sites and the genomic
DNA (Papadopoulos et al., 2002).

The occurrence of DNA polymorphisms in leukemia patients might due to
nucleotides sequence of primer in question and on the genotype of leukemia
patients. In other words the number of compatible sites of primer in genomic
DNA of leukemia patients which is effected by different types of mutations
and translocations, this will affect the primer-template interaction sites and
will result in the loss or gain of a band. Mutations such as (insertion or
deletion or substitution) and translocations will result in adding or deleting
primers binding sites, as a result this will lead to differences in number of
amplified bands. The polymorphism also includes the differences in
molecular weights of amplified bands which resulted from mutation occurred
between the primer-template interaction, resulted in a mobility shift of bands
(Wang et al., 2001; Wang et al., 2002; Xian et al., 2005; Papadopoulos et al.,
2002; Ong et al., 1998).

In addition, it was possible to observe a decrease or increase in the relative
intensities of the bands obtained in the RAPD analysis of genomic DNA of
leukemia patients in comparison with normal individuals. In this respect other

investigators were able to observe such variations in the intensities of the
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amplified bands (Dil-Afroze et al., 1998; Maeda et al., 1999; Xian et al.,
2005).

It was possible (from the reported results in this work) to group the
polymorphism of genomic DNA according to results of RAPD primers, in
this respect the first group which represents 37.8% of patients which included
(ALL7, ALL9, AML1, AML2, AML3, AML4, AML5, AML7, AMLO,
AMLI10, CLL1, CLL2, CLL3, CLLS, CLL7, CML1, CML2 and CMLI10)
gave different pattern of DNA polymorphism with nine primers used in this
study. Second group which represents 48.8% of patients included (ALLI10,
ALL11, AML6, AML8, AMLI11, CLL4, CLL8, CML3, CML4, CMLS5,
CML6, CML7, CMLI11, CML12, CMLI13, CML14 and CMLI15)
polymorphisms were detected by eight primes. Third group which represents
8.9% of patients and included (ALL8, CLL6, CML8 and CMLD9)
polymorphisms were detected by seven primers. Fourth group which
represents 4.5% of patients and included (ALLS and ALL6) polymorphisms
were detected by six primers.

The observed polymorphisms in patients varied widely, some showed highest
polymorphism this may be due to the patients who has not yet taken any
treatment or does not show any response to the treatment, or may be the
patients were in the last stages of disease. Other patients who revealed less
polymorphism, this may be due to number of reasons such as the patient is in
the early stages of disease or may be the patient has shown good response to
the treatment (Wang et al., 2001; Wang et al., 2002).

In this study the efficiency of using primers in amplification reaction was
measured by dividing the number of polymorphic bands on the total number
of amplified bands for each primer (Hassan, 2002). Thus it was possible to
evaluate the ability to detect genetic alteration by each primer. Table (3 - 6)
showed that the highest value of efficiency was belonging to primer OP-B17
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(0.059) and primer OPE-05 being the lowest (0.016). The range of values for
primer efficiency could demonstrate the ability of a primer to give highest
ratio of polymorphic bands as compared to total number of amplified bands.
The efficient primer was not the primer which could amplify highest number
of amplified bands, but the ability to show the polymorphism between normal
individuals and leukemia patients. So we observed that among (255)
amplified bands detected by using primer OPB-17, the number of
polymorphic bands were (15); while for primer OPE-05 among (348)
observed amplified bands, the number of polymorphic bands were (6)
bands. This indicates that some loci in the genomic DNA were apt to
changes of nucleotides sequence like the sequence of primer OPB-17, and the
sequence of primer OPE-05, this might suggest that the genomic DNA of
leukemia patients tend to remain stable in the evolution of the disease. In this
respect several investigators were able to detect such stable in genomic
changes in various type of cancer (Papadopoulos et al., 2002; Ong et al.,
1998; Wang et al., 2001; Wang et al., 2002).

Some primers were able to amplify a band in certain type of leukemia, such
band was absent in normal persons and some types of leukemia patients, e.g.
when using primer OPB-17, the band number eight with molecular weight
560 bp was present in AML patients, however this band was absent in normal
individuals and other leukemia patients. The result of primer OPW-17 showed
that the band number ten with molecular weight 870 bp was absent in normal
individuals, and in ALL, CLL and CML patients, however it was present in
AML patients; the band number 17 with molecular weight 290 bp was present
in AML, CLL patients. However, it was absent in normal individuals and

other leukemia patients.

Band's profile of some primers showed that certain band was present in
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normal persons and some types of leukemia patients, however it was absent
in other types of leukemia, e.g. the results of primer OPA-09 showed that
the band number one with molecular weight 3162 bp was lost in 82% of
ALL patients and 87% of CLL patients, while this band was present in
normal individuals and some leukemia patients. The result of primer OPB-
15, the band number 12 with molecular weight 360 bp was present in
normal individuals and majority of ALL and CLL patients. However, it was
absent in AML and CML patients. The band number 13 with molecular
weight 290 bp was present in normal individuals and in ALL, CLL and
CML leukemia patients, but was absent in AML patients. The result of
primer OPB-17 showed that the band number nine with molecular weight
500 bp was present in normal individuals and was found in variable
frequency in ALL, CLL and CML patients, however it was absent in AML
patients. The band number ten with molecular weight 430 bp was present in
normal individuals and some patients. However, this band was lost in CML
patients. Band's profile of primer OPW-17 showed that the bands number
six and seven with molecular weights 1380 and 1310 bp were present in
normal individuals and most leukemia patients, except in AML patients
which were lost. The band number 16 with molecular weight 420 bp was
present in normal individuals and in ALL, CLL, CML patients. However,
this band was absent in AML patients. The result of primer OPZ-02 showed
that the band number 11 with molecular weight 370 bp was present in
normal individuals, and in all leukemia patients except in CML patients

which was absent.

Moreover it was to observe a primer which could amplify certain band in
normal male individuals but it could not amplify this band in normal female

individuals e.g. band’s profile of primer OPJ-05 showed that the band number
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11 with molecular weight 460 bp was absent in normal female individuals. On

the other hand this band was present in normal male individuals.

Table (3 - 6): Analysis of RAPD-PCR results of leukemia patients.
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1000 - 3162 bp 3 93 0.032
300 - 1260 bp 10 467 0.021
95 -2560 bp 14 433 0.032
250—-1770 bp 15 255 0.059
220 - 1820 bp 17 314 0.054
430 - 2270 bp 6 384 0.016
95 - 1570 bp 12 511 0.023
197 - 1880 bp 18 372 0.048
370- 1734 bp 13 376 0.034

3.2.3 DNA Methylation analysis
The aberration of DNA methylation is well established in genomic DNA of

cancer patients. For example, global hypomethylation leads to oncogene

activation and chromosomal rearrangement; in addition, hypermethylation is

VAV VANV NNV NNV NNV NN NN NN




Chapter Three Results and Discussion

observed in cancer and is associated with tumor suppressor gene silencing
(Nephew and Huang, 2003). The differential detection of methylated and
unmethylated genomic DNA can be accomplished through digestion with
methylation sensitive restriction enzymes (Liang et al., 2002; Gonzalgo et al.,
1997). Thus, DNA methylation content of genomic DNA can be studied on
the basis of discordant patterns of digestion by isoschizomeric restriction
enzymes that differed only in their digestion sensitivity to methylated cytosine
in DNA sequence. In this respect, restriction enzymes Mspl and Hpall can
digest unmethylated CCGG sequence, but Hpall cannot digest methylated
cytosine in aforementioned sequence, whereas Mspl can. Then, RAPD-PCR
analysis of digested genomic DNA with Mspl and Hpall will reveal the
difference in methylation patterns among leukemia patients and normal
individuals.

In this study, genomic DNA of CML patients and normal individuals of
selected age group (forty years old individuals ) were digested with Mspl and
Hpall, then, the digested genomic DNA was amplified with 9 primers which
were selected depending on our earlier work on amplification of genomic
DNA reported previously in this study (section 3.2.2). Genetic alteration were
identified as band loss, gain, intensity change and shift in the RAPD-PCR
amplified fragments of normal or CML genomic DNA. Clear variations in
bands patterns were observed when using each of nine primers to amplify
digested genomic DNA by two enzymes for normal individuals and CML
patients. Earlier study showed comparable results when studying the DNA
methylation of aging human ovaries (Ibrahim et al., 2004 ).

In this study the obtained results from the electrophoresis of digestion patterns
of eight normal individuals and eight CML patients were shown in figures (3
- 39), (3 -40), (3 —-41),(3-42),(3-43),(3—-44),(3—-45),(3—-46), (3 -
47), (3 —48),(3-49),(3-50), (3-51),(3-52),(3-53),(3-54), (3-15)),
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(3-56),(3-57),(3—-58),(3-59),(3-60),3-61),(3-62),(3-63),3-
64) and (3 — 65). The normal females are represented by: 1N, 2N, 3N and
4N; whereas, CML patients females were: 1P, 2P, 3P and 4P. The normal
males are represented by: SN, 6N, 7N and 8N; whereas, CML patients males
were: 5P, 6P, 7P and 8P. DNA samples were digested with Hpall (H), Mspl
(M). Digested and non digested samples were amplified with nine primers
(OPA-09, OPA-13, OPB-15, OPB-17, OPB-18, OPE-05, OPJ-05, OPW-17
and OPZ-02).

The obtained results of the RAPD-PCR bands generated following digestion
of genomic DNA of normal individuals by both enzymes, indicated that most
primers showed variation in band patterns. This is expected, since DNA
methylation is effected by age, sex, health and environment. However, it is
worth to mention that primer OPB-17 showed similar banding pattern for
amplified products of digested and undigested genomic DNA extracted from
normal female individuals (fig. 3 - 49), this might due to specific binding of
the primer sequence to complementary genomic sequence.

On the other hand, RAPD-PCR analysis of digested and undigested of CML
genomic DNA showed clear indication of variation in genomic methylation as
compared with normal individuals.

The reported results which were shown in the present work, demonstrated the
possible variation in methylation patterns of CML genomic DNA of various
patients. Moreover, the RAPD-PCR bands obtained as a result of digestion of
genomic DNA of CML patients indicated that primer J-05 gave lower number
of bands for CML genomic DNA predigested with Mspl. This could be
explained by suggestion that the complementary sequence for primer used
have several restriction sites sensitive to Mspl, so the amplification was not
possible, or the amplification products were of low molecular weight and

could not be detected.
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It is possible to conclude from the obtained results reported in this study that
digestion of genomic DNA of normal individuals with Hpall and Mspl
showed lower degree of differences in RAPD-DNA patterns, indicating
normal methylation patterns. However, different picture was shown when
studying RAPD-DNA bands profile of CML genomic DNA following
digestion with restriction Hpall and Mspl.

L INHM2NH M3(NHM 49N H M IPH M 2P H M 3PH

Figure (3 —39): PD—PCR patterns of genoﬁi NA norma s and CML ptiets emales obtained
with OPA-09 before and after digestion with Hpall and Mspl. Electrophoresis was performed on (1.5%)
agarose gel and run with 3 volt/cm for two hours.

IN, 2N, 3N and 4N: Amplified products of undigested genomic DNA extracted from normal
females.

1P, 2P and 3P:Amplified products of undigested genomic DNA extracted from CML patients
females.

H : Amplified products of digested genomic DNA with Hpall.

M : Amplified products of digested genomic DNA with Mspl.

L : Lambda DNA (100 — 1031bp).

L 4P HM SPH M 5NH M 6NH M 7NH M 8N H M 3PM
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Figure (3 — 40): RAPD-PCR patterns of genomic DNA CML patients females and normal males obtained
with OPA-09 before and after digestion with Hpall and Mspl. Electrophoresis was performed on (1.5%)
agarose gel and run with 3 volt/cm for two hours.

5N, 6N, 7N and 8N: Amplified products of undigested genomic DNA extracted from normal males.
4P : Amplified products of undigested genomic DNA extracted from CML patients females.

5P : Amplified products of undigested genomic DNA extracted from CML patients males.

H : Amplified products of digested genomic DNA with Hpall.

M : Amplified products of digested genomic DNA with Mspl.

L : Lambda DNA (100 — 1031 bp).

Figure (3 — 41): RAPD-PCR patterns of genomic DNA CML patients males obtained with OPA-09 before
and after digestion with Hpall and Mspl. Electrophoresis was performed on (1.5%) agarose gel and run with
3 volt/cm for two hours.

6P, 7P and 8P:Amplified products of undigested genomic DNA extracted from CML patients
males.

H : Amplified products of digested genomic DNA with Hpall.

M : Amplified products of digested genomic DNA with Mspl.

L : Lambda DNA (100 — 1031 bp).

L INH M 2N H M 3N H M 4N H M 1P H M 2P H

.
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Figure (3 — 42): RAPD-PCR patterns of genomic DNA normal females and CML patients females obtained
with OPA-13 before and after digestion with Hpall and Mspl. Electrophoresis was performed on (1.5%)
agarose gel and run with 3 volt/cm for two hours.

IN, 2N, 3N and 4N: Amplified products of undigested genomic DNA extracted from normal

females.
1P, 2P and 3P:Amplified products of undigested genomic DNA extracted from CML patients

females.

H : Amplified products of digested genomic DNA with Hpall.
M : Amplified products of digested genomic DNA with Mspl.
L : Lambda DNA (100 — 1031bp).

L 3» H M 4 H M SN H M 6N H M 77N H M 8N H

Figure (3 — 43): RAPD-PCR patterns of genomic DNA CML patients females and normal males obtained
with OPA-13 before and after digestion with Hpall and Mspl. Electrophoresis was performed on (1.5%)
agarose gel and run with 3 volt/cm for two hours.

3P and 4P : Amplified products of undigested genomic DNA extracted from CML patients females.
5N, 6N, 7N and 8N: Amplified products of undigested genomic DNA extracted from normal males.
H : Amplified products of digested genomic DNA with Hpall.

M : Amplified products of digested genomic DNA with Mspl.

L : Lambda DNA (100 — 1031 bp)

L 5 H M 66 H M 7P H M L 8 H M

95

——
| —



Chapter Three Results and Discussion

Figure (3 — 44): RAPD-PCR patterns of genomic DNA CML patients males obtained with OPA-13 before
and after digestion with Hpall and Mspl. Electrophoresis was performed on (1.5%) agarose gel and run with
3 volt/cm for two hours.

5P, 6P, 7P and 8P:Amplified products of undigested genomic DNA extracted from CML patients
males.

H : Amplified products of digested genomic DNA with Hpall.

M : Amplified products of digested genomic DNA with Mspl.

L : Lambda DNA (100 — 1031 bp).

L IN H M 2N H M 3N H M 49N H M IP H M 2P H

S

Figure (3 — 45): RAPD-PCR patterns of gegr;ib‘bNA normal females and CML patients females obtained
with OPB-15 before and after digestion with Hpall and Mspl. Electrophoresis was performed on (1.5%)
agarose gel and run with 3 volt/cm for two hours.

IN, 2N, 3N and 4N: Amplified products of undigested genomic DNA extracted from normal
females.

1P and 2P :Amplified products of undigested genomic DNA extracted from CML patients females.
H : Amplified products of digested genomic DNA with Hpall.

M : Amplified products of digested genomic DNA with Mspl.

L : Lambda DNA (100 — 1031 bp).

L 3. H M 4 H M 5N H M 6N H M /N H M 8N H
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Figure (3 — 46): RAPD-PCR patterns of genomic DNA CML patients females and normal males obtained
with OPB-15 before and after digestion with Hpall and Mspl. Electrophoresis was performed on (1.5%)
agarose gel and run with 3 volt/cm for two hours.

3P, 4P : Amplified products of undigested genomic DNA extracted from CML patients females.
5N, 6N, 7N and 8N: Amplified products of undigested genomic DNA extracted from normal males.
H : Amplified products of digested genomic DNA with Hpall.

M : Amplified products of digested genomic DNA with Mspl.

L : Lambda DNA (100 — 1031 bp).
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Figure 3 — 4): RAPD-PCR patterns of genomic DNA CML patients males obtained with OPB-15 before
and after digestion with Hpall and Mspl. Electrophoresis was performed on (1.5%) agarose gel and run with
3 volt/cm for two hours.

5P, 6P, 7P and 8P:Amplified products of undigested genomic DNA extracted from CML patients
males.

H : Amplified products of digested genomic DNA with Hpall.

M : Amplified products of digested genomic DNA with Mspl.

L : Lambda DNA (100 — 1031 bp).

L IN HM 2N H M 3N H M 4N H M 1P H M 2P H
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Figure (3 — 48): RAPD-PCR patterns of genomic DNA normal females and CML patients females obtained
with OPB-17 before and after digestion with Hpall and Mspl. Electrophoresis was performed on (1.5%)
agarose gel and run with 3 volt/cm for two hours.

IN, 2N, 3N and 4N: Amplified products of undigested genomic DNA extracted from normal
females.

1P and 2P :Amplified products of undigested genomic DNA extracted from CML patients females.
H : Amplified products of digested genomic DNA with Hpall.

M : Amplified products of digested genomic DNA with Mspl.

L : Lambda DNA (100 — 1031 bp).

L 3 H M 4 H M 5N HM 6N H M 7N H M 8N H

Figure (3 — 49): RAPD-PCR patterns of genomic DNA CML patients females and normal males obtained
with OPB-17 before and after digestion with Hpall and Mspl. Electrophoresis was performed on (1.5%)
agarose gel and run with 3 volt/cm for two hours.

3P, 4P and 5P: Amplified products of undigested genomic DNA extracted from CML patients
females.

5N, 6N, 7N and 8N: Amplified products of undigested genomic DNA extracted from normal males.
H : Amplified products of digested genomic DNA with Hpall.

M : Amplified products of digested genomic DNA with Mspl.

L : Lambda DNA (100 — 1031 bp).

L 5 H M 6P H M L 7P H M 8 H M
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Figure (3 — 50): RAPD-PCR patterns of genmic DNA CML patients males obtained with OPB-17 before
and after digestion with Hpall and Mspl. Electrophoresis was performed on (1.5%) agarose gel and run with
3 volt/cm for two hours.

5P, 6P, 7P and 8P:Amplified products of undigested genomic DNA extracted from CML patients

males.
H : Amplified products of digested genomic DNA with Hpall.
M : Amplified products of digested genomic DNA with Mspl.

L : Lambda DNA (100 — 1031 bp).

L INHM 2NH M 3N H M 49N H M 1P HM 2P H M

Figure (3 — 51): RAPD-PCR patterns of genomic DNA normal females and CML patients females obtained
with with OPB-18 before and after digestion with Hpall and Mspl. Electrophoresis was performed on (1.5%)

agarose gel and run with 3 volt/cm for two hours.
IN, 2N, 3N and 4N: Amplified products of undigested genomic DNA extracted from normal

females.
1P and 2P :Amplified products of undigested genomic DNA extracted from CML patients females.

H : Amplified products of digested genomic DNA with Hpall.
M : Amplified products of digested genomic DNA with Mspl.
L : Lambda DNA (100 — 1031 bp).

L 3;-H M 4 H M 5N H M 6N H M 7N H M 8N H M
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Figure (3 — 52): RAPD-PCR patterns of genomic DNA CML patients females and normal males CML
patients obtained with OPB-18 before and after digestion with Hpall and Mspl. Electrophoresis was
performed on (1.5%) agarose gel and run with 3 volt/cm for two hours.

3P and 4P : Amplified products of undigested genomic DNA extracted from CML patients females.
5N, 6N, 7N and 8N: Amplified products of undigested genomic DNA extracted from normal males.
H : Amplified products of digested genomic DNA with Hpall.

M : Amplified products of digested genomic DNA with Mspl.

L : Lambda DNA (100 — 1031 bp).

L 5 H M 6P H M L 7p H M 8¢ H M

Figure (3 — 53): RAPD-PCR patterns of genomic DNA CML patients males obtaine with OPB-18 before
and after digestion with Hpall and Mspl. Electrophoresis was performed on (1.5%) agarose gel and run with
3 volt/cm for two hours.

6P, 7P and 8P:Amplified products of undigested genomic DNA extracted from CML patients
males.

H : Amplified products of digested genomic DNA with Hpall.

M : Amplified products of digested genomic DNA with Mspl.

L : Lambda DNA (100 — 1031 bp).

L INHM2NH M 3NH M4N H M IPH M 2P H M
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Figure (3 — 54): RAPD-PCR patterns of genomic DNA normal als an CM ptets females obtained
with OPE-05 before and after digestion with Hpall and Mspl. Electrophoresis was performed on (1.5%)
agarose gel and run with 3 volt/cm for two hours.

IN, 2N, 3N and 4N: Amplified products of undigested genomic DNA extracted from normal

females.

1P and 2P: Amplified products of undigested genomic DNA extracted from CML patients females.
H : Amplified products of digested genomic DNA with Hpall.

M : Amplified products of digested genomic DNA with Mspl.

L : Lambda DNA (100 — 1031 bp).

L3 HM 4 HM 5SNHMO6NHM 7NH ME H M

Figure (3 — 55): RAPD-PCR patterns of genomic DNA CML patients females and normal males obtained
with OPE-05 before and after digestion with Hpall and Mspl. Electrophoresis was performed on (1.5%)
agarose gel and run with 3 volt/cm for two hours.

5N, 6N, 7N and 8N: Amplified products of undigested genomic DNA extracted from normal males.
4P : Amplified products of undigested genomic DNA extracted from CML patients females.

SP : Amplified products of undigested genomic DNA extracted from CML patients males.

H : Amplified products of digested genomic DNA with Hpall.

M : Amplified products of digested genomic DNA with Mspl.

L : Lambda DNA (100 — 1031 bp).

L 5 H M 6P H M L 7p H M 8 H M
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Figure (3 — 56): RAPD-PCR patterns of genomic DNA CML patients males obtained with OPE-05 before

and after digestion with Hpall and Mspl. Electrophoresis was performed on (1.5%) agarose gel and run with
3 volt/cm for two hours.

5P, 6P, 7P and 8P:Amplified products of undigested genomic DNA extracted from CML patients
males.

H : Amplified products of digested genomic DNA with Hpall.

M : Amplified products of digested genomic DNA with Mspl.

L : Lambda DNA (100 — 1031 bp).

L INH M 2N H M3(N H M 4N H M IP H M 2P H
M

e /""_ : 2
Figure (3 — 57): RAPD-PCR patterns of genomic DNA normal females and CML patients females obtained
with OPJ-05 before and after digestion with Hpall and Mspl. Electrophoresis was performed on (1.5%)
agarose gel and run with 3 volt/cm for two hours.

IN, 2N, 3N and 4N: Amplified products of undigested genomic DNA extracted from normal
females.

1P and 2P:Amplified products of undigested genomic DNA extracted from CML patients females.
H : Amplified products of digested genomic DNA with Hpall.

M : Amplified products of digested genomic DNA with Mspl.

L : Lambda DNA (100 — 1031 bp).

L 3 HM 4 HM 5N H MO6NH M '"NH M 8N H M
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Figure (3 — 58): RAPD-PCR patterns of genomic DNA CML patients females and normal males obtained
with OPJ-05 before and after digestion with Hpall and Mspl. Electrophoresis was performed on (1.5%)
agarose gel and run with 3 volt/cm for two hours.

3P, 4P : Amplified products of undigested genomic DNA extracted from CML patients females.
5N, 6N, 7N and 8N: Amplified products of undigested genomic DNA extracted from normal males.
H : Amplified products of digested genomic DNA with Hpall.

M : Amplified products of digested genomic DNA with Mspl.

L : Lambda DNA (100 — 1031 bp).

L 5P H M 6 H M L 7P H M 8 H M

Figure (3 — 59): RAPD-PCR patterns of genomic DNA CML patients males obtained wih OPJ-05 before and
after digestion with Hpall and Mspl. Electrophoresis was performed on (1.5%) agarose gel and run with 3
volt/cm for two hours.

6P, 7P and 8P:Amplified products of undigested genomic DNA extracted from CML patients
males.

H : Amplified products of digested genomic DNA with Hpall.

M : Amplified products of digested genomic DNA with Mspl.

L : Lambda DNA (100 — 1031 bp).

L INHM2NH M 3NH M4NH M 1P H M 2P H M
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Figure (3 — 60): RAPD-PCR patterns of genomic DNA normal females and CML patients females obtained
with OPW-17 before and after digestion with Hpall and Mspl. Electrophoresis was performed on (1.5%)
agarose gel and run with 3 volt/cm for two hours.

IN, 2N, 3N and 4N: Amplified products of undigested genomic DNA extracted from normal
females.

1P and 2P:Amplified products of undigested genomic DNA extracted from CML patients females.
H : Amplified products of digested genomic DNA with Hpall.

M : Amplified products of digested genomic DNA with Mspl.

L : Lambda DNA (100 — 1031 bp).

L 3»n- # M 4P H M 5N H M 6N H M 7N H M 8N H

Figure (3 — 61): RAPD-PCR patterns of genomic DNA CML patients females and normal malesobtained
with OPW-17 before and after digestion with Hpall and Mspl. Electrophoresis was performed on (1.5%)
agarose gel and run with 3 volt/cm for two hours.

3P, 4P : Amplified products of undigested genomic DNA extracted from CML patients females.
5N, 6N, 7N and 8N: Amplified products of undigested genomic DNA extracted from normal males.
H : Amplified products of digested genomic DNA with Hpall.

M : Amplified products of digested genomic DNA with Mspl.

L : Lambda DNA (100 — 1031 bp).

L 5P H M 6P H M L 7p H M 8 H M
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Figure (3 — 62): RAPD-PCR patterns of genomic DNA CML patients males obtained with OPW-17 before
and after digestion with Hpall and Mspl. Electrophoresis was performed on (1.5%) agarose gel and run with
3 volt/cm for two hours.

5P, 6P, 7P and 8P:Amplified products of undigested genomic DNA extracted from CML patients
males.

H : Amplified products of digested genomic DNA with Hpall.

M : Amplified products of digested genomic DNA with Mspl.

L : Lambda DNA (100 — 1031 bp).

L INHM2NH M3NHMA4A4NH M IPH M 2P H M
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Figure (3 — 63): RAPD-PCR patterns of genomic DNA normal females and CML patients females obtained
with OPZ-02 before and after digestion with Hpall and Mspl. Electrophoresis was performed on (1.5%)
agarose gel and run with 3 volt/cm for two hours.

IN, 2N, 3N and 4N: Amplified products of undigested genomic DNA extracted from normal
females.

1P and 2P:Amplified products of undigested genomic DNA extracted from CML patients females.
H : Amplified products of digested genomic DNA with Hpall.

M : Amplified products of digested genomic DNA with Mspl.

L : Lambda DNA (100 — 1031 bp).

L 3 H M 4 H M 5N H M 6N H M NH M SN H M
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Figure (3 — 64): RAPD-PCR patterns of genomic DNA CML patients females and normal males obtained
with OPZ-02 before and after digestion with Hpall and Mspl. Electrophoresis was performed on (1.5%)
agarose gel and run with 3 volt/cm for two hours.

3P and 4P : Amplified products of undigested genomic DNA extracted from CML patients females.
5N, 6N, 7N and 8N: Amplified products of undigested genomic DNA extracted from normal males.
H : Amplified products of digested genomic DNA with Hpall.

M : Amplified products of digested genomic DNA with Mspl.

L : Lambda DNA (100 — 1031 bp).

L 5P H M 6P H M L 7P H M 8 H M

Figure (3 — 65): RAPD-PCR patterns of genomic DNA CML patient males obtained with OPZ-02 before
and after digestion with Hpall and Mspl. Electrophoresis was performed on (1.5%) agarose gel and run with
3 volt/cm for two hours.

5p, 6P, 7P and 8P:Amplified products of undigested genomic DNA extracted from CML patients
males.

H : Amplified products of digested genomic DNA with Hpall.

M : Amplified products of digested genomic DNA with Mspl.

L : Lambda DNA (100 — 1031 bp).
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Conclusions

Genomic DNA purification kit was found more suitable for DNA isolation
from blood of leukemia patients and normal individuals in this work.

22 different arbitrary primers were used to detect genetic polymorphism.
13 RAPD primers which include (OPA-01, OPA-11, OPA-12, OPA-14,
OPB-11, OPB-12, OPC-01, OPF-18, OPI-18, OPJ-01, OPK-08, OPY-10
and OPZ-19) showed no amplified genomic products, whereas nine
primers which include (OPA-09, OPA-13, OPB-15, OPB-17, OPB-18,
OPE-05, OPJ-05, OPW-17 and OPZ-02) were found to produce amplified

products.

DNA polymorphisms were detected in normal individuals and leukemia
patients. The DNA polymorphisms were detected as loss of a normal band,
gain of a new band, band shifting and change in band intensities. Some
RAPD primers showed interesting DNA fragment profiles in leukemia

patients in comparison with that obtained in normal individuals.

The percentages of detected polymorphism among leukemia patients was
variable. 37.8% of leukemia patients showed the highest DNA
polymorphism because they were detected by nine primers, 48.8% of
patients showed detected polymorphism by eight primers, 8.9% of patients
revealed DNA polymorphism as detected by seven primers and 4.5% of
patients showed DNA polymorphism as detected by six primers.
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5-

The study indicated that there were significant differences in the ability to
detect genetic alteration by various primers, primer OPB-17 showed the
highest value of detection efficiency (0.059), followed by OPB-18 (0.054)
and OPW-17 (0.048), whereas primer OPE-05 showed the lowest (0.016).
Thus, RAPD primers might be used for selection of DNA marker in

leukemia patients.

Digestion of genomic DNA by (Mspl and Hpall) showed variable

methylation patterns in normal individuals and leukemia patients.

Recommendations
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1. Further work is required to investigate and screen the available RAPD
primers to ascertain their suitability for detection of  DNA

polymorphism in leukemia patients.

2. Performing sequence analysis of DNA fragments which showed unique

patterns.

3. Future study might be required for development of the sequences of
RAPD primers which showed promising results in detection of
genomic polymorphism between normal individuals and leukemia

patients.

4. Further studies are required for validation of restriction analysis of

DNA methylation in leukemia patients.
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Appendix 1: Gender and age of patients, blood characteristic and results
of genomic DNA vyield isolated for 65 leukemia patients.

DNA

Patient no. Type of leukemia | Blood characteristic .
Concentration

ALL Non-clotted 100 pg

CLL Non-clotted 100 pg

AML Non-clotted 200 png

CML Non-clotted 100 pg

CML Non-clotted 300 pg

CML Clotted blood

ALL Non-clotted

CML Non-clotted

CML Non-clotted

CLL Non-clotted

CML Non-clotted

CML Non-clotted

ALL Non-clotted

AML Non-clotted

CML Non-clotted

ALL Non-clotted

AML Non-clotted

CML Non-clotted

Oy |40 | Gy | Gy |40 |40 | Oy | 40 | Oy | Oy | 40 | Oy | Oy | Oy | 4O | 4O | Oy | 4O

CML Non-clotted

+O
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Non-clotted

Non-clotted

Non-clotted

Non-clotted

Non-clotted

Non-clotted

Non-clotted

Non-clotted

Non-clotted

Non-clotted

Non-clotted

Non-clotted

Clotted blood

Non-clotted

Non-clotted

Non-clotted

Non-clotted

Non-clotted

Non-clotted

Non-clotted

Non-clotted

Oy |40 |40 | Oy |40 |40 | On | Oy |40 | 4O |40 | On | On |40 | &0 | Ow | O | O | 4O | Os | &y | HO

Non-clotted

(O

Clotted blood
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43 3 21 ALL Non-clotted 200 pg
44 ) 27 CLL Non-clotted 300 pg
45 ) 67 CLL Non-clotted 100 pg
46 4 40 CML Clotted blood -

47 ) 62 CLL Non-clotted 100 pg
48 ) 37 AML Non-clotted Low
49 ) 21 CML Non-clotted 100 pg
50 3 73 AML Non-clotted 100 pg
51 3 2 ALL Non-clotted >100 ug
52 Q 40 CML Non-clotted 300 ug
53 ) 37 CML Non-clotted 100 pg
54 Q 37 CML Non-clotted 100 pg
55 3 15 ALL Non-clotted 100 pg
56 ) 26 AML Non-clotted 200 pg
57 Q 4 ALL Non-clotted 100 pg
58 Q 51 CML Clotted blood -

59 ) 76 CLL Non-clotted 100 pg
60 Q 47 CML Clotted blood -

61 Q 29 AML Non-clotted 100 pg
62 4 37 AML Clotted blood -

63 Q 53 CLL Clotted blood -

64 3 59 AML Clotted blood -

65 4 61 AML Clotted blood -
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