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Abstract
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Results:

Acute myeloid leukemia is a clonal haemopoietic disorder frequently
associated with genetic instability. Polymorphisms in DNA repair
enzymes are thought to increase the risk of development of AML. In
our study we investigated 40 cases of AML and 37 controls for the
polymorphism in DNA homologous recombination repair gene-RAD51
by PCR-RFLP. We found, among the cases there were 19 cases with
positive expression of the polymorphic gene, while in controls we
found only 7 candidates with positive expression of the same
polymorphism. These results suggest a strong correlation between
the presence of polymorphic RAD51-G135C allele and the incidence
of AML.
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INTRODUCTION AND AIM OF WORK

Acute myeloid leukemia (AML) is a clonal hemopoteti
disorder that is frequently associated with genahstability
characterized by a diversity of chromosomal molacudhanges.
Most cases of AML arise de novo; however, 10%-2@{%llocases
of AML arise after exposure to chemotherapy or gttirapy after
the treatment of a primary malignancy [therapyiedlaAML (t-
AML)] (Pederson-Bjergaard et al., 2002).

DNA is at constant risk for damage from both enchages and
exogenous sources. A large number of highly complechanisms
have evolved to protect DNA from damage includingArepair
pathways and systems that protect against oxidatress and other
damaging agent&Knudsen et al., 2001).These pathways play vital
role in maintaining genetic integrity. The abiliw§ an individual to
prevent and repair damage is genetically determamelis the result
of combinations of multiple genes that may displaybtle
differences in their activityDeBoer, 2002).

Genetic polymorphisms have now been ifledtin a number
of DNA repair genes and damage-detoxification genes
Polymorphisms can affect gene function, promotéividg, mRNA
stability, and splice variants and hence, can teswd change in the
cellular ability to cope with DNA damage , whichntobutes to an
altered disease susceptibility .The genotype distions of a
number of these polymorphic genes have been shawrbet
associated with AML and/or t-AM|Seedhouse et al., 2004).
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Double-strand breaks (DSBs) in DNA arguably the most
important class of DNA damage because they maytteather cell
death or loss of genetic material resulting in aomweomal
aberrations. The balance of DSB repair activityesgpp to be critical
to the genetic stability of cells. Too little repé&ads to acquisition
and persistence of mutations, whereas elevatedslefaepair can
inhibit the apoptotic pathway and can enable a wath badly
damaged DNA to attempt repair, potentially mis-repand survive,
DSBs are predominantly repaired by either homolsgou
recombination(HR) repair or non homologous endimrpathways

in mammalian cell&ollinson et al.,2007).

One of the central proteins in the HRhpay is RAD51(Li
and Heyer, 2008).Cells lacking RAD51 are characterized by an
accumulation of chromosomal breaks before cellldeldence the
role of RAD5S1 is vital in maintaining genetic stilyi within a cell
(Seedhouse et al., 2004). Potential associations between variants of
RAD51 family genes and specific forms of cancer enaheen
reported(Thacker, 2005).

A G/C polymorphism at position-135 in the5’untansth
region of the RAD 51 gene has been identifi®lang et al.,
2001).This polymorphism has been the focus of a numbeatuafies
in breast and ovarian cand@ufloth et al., 2005).
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DNA DAMAGE AND REPAIR

The DNA contained in every mammalian cell is under
constant attack by agents that can either directly damage one of its
three billion bases or break the phoshodiester backbone on which
the bases reside (Michael et al., 2004). Life on Earth has evolved
to deal with metabolic and external sources of DNA damaging

agents through the development of elegant mechanisms that repair

damage to the DNA (Ford 2004).

DNA Damage :

DNA in most cells is regularly damaged by endogenous and
exogenous mutagens. Unrepaired damage can result in apoptosis or
may lead to irregular cell growth and cancer. If DNA damage is
recognized by cell machinery, several responses may occur to
prevent replication in the presence of genetic errors. At the cellular
levels, checkpoints can be activated to arrest the cell cycle;
transcription can be up-regulated to compensate for the damage, or

the cell can apoptose (Vispe et al., 2000).

Alternatively, the damage can be repaired at the DNA level
enabling the cell to replicate as planned. Complex pathways
involving numerous molecules have evolved to perform such repair.
Because of the importance of maintaining genomic integrity in the
general and specialized functions of cells as well as in the prevention
of carcinogenesis, genes coding for DNA repair molecules have been
considered as candidate cancer-susceptibility genes (Shields and

Harris, 1991)
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The pattern of DNA damage is often complex but has
characteristics associated with the damaging agent. Such damage
occurs at a frequency too high to be compatible with life. As a
result cell death and tissue degeneration, aging and cancer are
caused. To avoid this and in order for the genome to be
reproduced, these damages must be corrected efficiently by DNA
repair mechanisms. Eukaryotic cells have multiple mechanisms
for the repair of damaged DNA. These repair systems in humans
protect the genome by repairing modified bases, cross links and

double-strand breaks (Tuteja and Tueja, 2001).

Any human cancer susceptibility syndromes arise from
mutations in genes involved in DNA damage responses. Most
therapeutic agents that are currently used to treat malignancies,
including radiation therapy and many chemotherapeutic agents,
are responsible for most of the side effects such as bone marrow
suppression, gastrointestinal toxicities, and hair loss. These are all
attributable to DNA damage induced cell death of proliferating

progenitor cells in these tissues (Froelich et al., 1995).

% Agents that damage DNA:

DNA can be damaged in a variety of ways;
1. Certain wave length and irradiation:

As energy released by exposure to an external source of
ionizing radiation (Gamma and X-rays) (Thompson et al., 2002) ,
Ultraviolet (UV 200-300nm) radiation from the sun, cancer
chemotherapy and radiotherapy (Lunne et al., 1999).Hydrolysis or

thermal disruption at elevated temperature increases the rate of
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depurination (loss of purine bases from the DNA backbone) and

single strand breaks (Ohta et al., 2009).
2. Highly reactive oxygen species:

Exposure of the cellular DNA to reactive oxygen species
(ROS) generated either by the normal metabolism of the cell or
by chemical and physical exogenous agents, is at the origin of
lesions that can have genotoxic or mutagenic consequences

(Marsin and Bignami., 2003).
3. Chemicals used in therapies:

- Alkylating chemicals can modify purine bases and can cause
intrastrand or interstrand cross links that require additional

molecular interventions for them to be reserved.

- Inhibitors of DNA topoisomerases can lead to enhanced
single or double strand break (DSBs) depending on which
topoisomerase is inhibited and on the phase of the cell cycle

(Michael et al., 2004).
4. Other stresses:

Such as intermittent or prolonged exposure to abnormally low

level of oxygen nutrients (Lu et al., 2001).
5. Smoking:

Cigarette smoking may induce DNA damage (Ford, 2004), as
it contains large quantities of carcinogens, including polycyclic
aromatic hydrocarbon, such as benzo[a]pyrene, which damage
DNA by covalent binding or oxidation, leading to base

modification, strand breaks, and cross linkage between bases on
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opposite strands, or between DNA and protein, and numerous other

defects (Ito et al., 2004).

6. Viruses: as Epstein-Barr virus (EBV) infection (Devita et al.,
2001).

¢ Types of DNA damage:

Genomic disorders are a clinically diverse group of conditions
caused by gain, loss or re-orientation of a genomic region containing

dosage-sensitive genes (Oriscoll, 2008).

1. Base loss:

Single base alteration may occur due to depurination,
deamination of  cytosine to uracil, deamintion of adenine to
hypoxanthine, alkylation of a base, insertion or deletion of
nucleotide and base-analogue incorporation. Whereas, two base
alteration may be due to UV-induced thymine-thymine dimer or bi-
functional alkylating agent cross linkage. Within a typical
mammalian cell, several hundreds pyrimidines are spontaneously
lost per haploid genome per day. Loss of purine or pyrimidine base
creates an apurinic apyrimidinic (AP) site which is also called

abasic sites (Deutsch & Hegde, 2005).

Abasic sites are frequent cellular DNA lesions that are
formed by spontaneous base loss, by exposure to radiation or
antitumor drugs, or as intermediates during base excision repair of

oxidized, deaminated or alkylated bases (Georgakilas et al., 2004).

Their persistence can yield block to RNA transcription and DNA

synthesis and can be a source of mutations. Organisms have



