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 INTRODUCTION 

B-cell chronic lymphocytic leukemia (B-CLL) is a 

hematopoietic neoplasm of B-lymphocytes found in the 

peripheral blood, bone marrow and/or lymph nodes. It is the 

most common leukemia of adults (Hermelink et al., 2001) and 

it is characterized by variable clinical course (Schroers et al., 

2005). Some patients have an aggressive disease requiring early 

therapy, whereas other patients exhibit a more stable, indolent 

disease with no benefit from palliative chemotherapy (Dighiero 

and Binet, 2000). 

Prognosis of B-CLL is related to clinical staging and 

cytogenetic findings. The genetic characterization of chronic 

lymphocytic leukemia has made significant progress over the 

past few years. While conventional cytogenetic analysis only 

detected chromosomal aberrations in 40-50% of cases, new 

molecular cytogenetic methods, such as fluorescence in situ 

hybridization (FISH), have greatly enhanced our ability to 

detect chromosomal aberrations in CLL. Today genomic 

aberrations are detected in over 80% of CLL cases 

(Stilgenbauer et al., 2002). 

Deletion at 13q14.3, 11q22.3 and 17p13.1, as well as 

trisomy 12, is frequently found in CLL (Dickinson et al., 

2006). Fluorescence in situ hybridization is analytically more 

sensitive than conventional cytogenetics for specific 

chromosomal abnormalities (Glassman and Hayes, 2005).  
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Ataxia-telangiectasia mutated (ATM) germline mutations 

are responsible for ataxia-telangiectasia (A-T), a rare autosomal 

recessive disorder characterized by progressive cerebellar 

ataxia, bulbar telangiectasia, high sensitivity to ionizing 

radiation, humoral and cellular immunodefeciencies, premature 

aging, endocrine abnormalities and cancer susceptibility. While 

30-40% of all A-T patients will develop neoplasia during their 

life, 10-15% of them will present a lymphoid malignancy in 

childhood or early adulthood (Pause et al., 2004).  

          The ATM gene is located at the 11q22-23 and encodes a 

nuclear 370-kDa phosphoprotein known to be associated with 

chromosomal regions containing double strand breaks. On the 

whole, these observations place ATM as an upstream mediator 

of a kinase cascade that links the detection of DNA damage to 

cell cycle progression, genetic recombination and apoptosis 

(Shiloh, 2003).   

           The p53 is a transcription factor that accumulates in 

response to DNA damage and which coordinates the cellular 

response to such damage by triggering apoptosis or cell-cycle 

arrest. Inactivation of P53 by mutation or deletion occurs in 

approximately 50% of human cancers and is associated with 

genomic instability and resistance to chemotherapy (Carter et 

al., 2004). 

         Critically, ATM is responsible for activating the p53 

tumor suppressor protein, leading to the upregulation of p53-

responsive genes that promote cell-cycle arrest and apoptosis.  
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Outcomes of p53 activation, however, depend on the cellular 

context and the severity of the induced DNA damage, implying 

that in a given cell other cellular factors influence whether the 

outcome of the response will be survival or death (Stankovic et 

al., 2004). The roles of ATM and p53 do not completely 

overlap because biallelic loss of ATM results in unusual 

sensitivity to irradiation whereas p53 deficiency confers 

radioresistance (Smith and Forance, 1995).  

 

AIM OF THE WORK 

The aim of this work is to study the incidence of ATM 

gene deletion and to detect mutant p53 expression in B-CLL 

patients in order to assess their prognostic impact and to 

correlate them with the clinical status, standard risk factors as 

well as patients' outcome.  
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CHRONIC LYMPHOCYTIC  
LEUKEMIA  

          Chronic lymphocytic leukemia (CLL) is a neoplasm of 

mature-appearing monoclonal B-lymphocytes co-expressing the 

CD5 and CD23. Primarily CLL involves the bone marrow, 

peripheral blood and may infiltrate lymphoid tissue such as 

lymph nodes and spleen (Gachard et al., 2008).  

 

EPIDEMIOLOGY 

         The B-CLL is the most common adult leukemia in 

western societies (Xu et al., 2008). It accounts for 25% to 30% 

of all adult leukemias. In Asian countries, CLL represents only 

5% of leukemias, with the T-cell phenotype predominating. 

This geographic difference in incidence is most likely the result 

of genetic factors (O'Brien and Keating, 2005).   

          Chronic lymphocytic leukemia develops mostly in the 

aging population, only 10% to 15% of patients are younger than 

50 years at the time of diagnosis. Whereas some patients with 

B-CLL have an indolent course and die after many years from 

unrelated causes, others progress very rapidly and succumb 

within a few years from this currently incurable leukemia 

(Abbott, 2006).                      
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            The gender ratio varies from approximately 1.5 to 2.1 

males to 1.0 female (Glassman and Hayes, 2005). A 

retrospective study of women noted a non-significant trend 

towards reduced risk of CLL with increasing parity. However, 

hormones have not been demonstrated to play any role in 

development of CLL (Adami et al., 1997). 

 

ETIOLOGY  

1- Environmental:  

Environmental factors do not appear to play a role in the 

pathogenesis of B-CLL. The incidence of CLL was not 

associated with exposure to pesticides, sunlight, ionizing 

radiation or known carcinogens (Wierda et al., 2007).  

A few epidemiologic studies have noted an increase in 

CLL among persons chronically exposed to electromagnetic 

fields (Feychting et al., 1997).  

2-Infections: 

Antibodies specific for type C hepatitis virus (HCV) 

and/or viral RNA have been identified in some patients, 

suggesting a pathogenic role (La Civita et al., 1996). However 

other studies have failed to verify an association between the 

development of CLL and infection with HCV (McColl et al., 

1997). Chronic lymphocytic leukemia cells are resistant to 
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infection with Epstein Barr virus (EBV), except in unusual 

cases, making it unlikely that EBV plays a pathogenic role 

(Avila-Carino et al., 1997).   

3- Hereditary and Genetic Factors:  

Although most cases of CLL are sporadic, a subset of B-

CLL is familial (Summersgill, 2002). First degree relatives of 

patients with CLL are more than three times at risk for having 

this disorder or other lymphoid neoplasms than the general 

population and often present at a younger age (Cuttner, 1992).  

Lack of large families makes it attractive to exploit 

methods in addition to genetic linkage analysis for the 

identification of a susceptibility locus. One strategy that can 

localize regions of the genome that may harbor tumor 

suppressor genes is to identify regions of chromosomal 

imbalance using comparative genomic hybridization analysis 

(CGH). In one study, 24 familial CLL cases were examined by 

CGH analysis. Losses that are documented as arising frequently 

in sporadic CLL were observed at a comparable frequency in 

familial CLL. However, gains and losses in 2 regions of the X 

chromosome Xp11.2-p21 and Xq21 appear more common in 

familial CLL than in sporadic CLL. This suggests that these 

regions may harbor a susceptibility locus for CLL. There is also 

some evidence that chromosome regions 2p12-p14 and 4q11-

q21 may harbor predisposition genes (Summersgill et al., 

2002).  On the other hand, there is no apparent association 
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between HLA haplotype and disease susceptibility (Kipps, 

2006).   

 

PATHOGENESIS 

Various data suggest a three step model for the 

development and natural history of CLL;  

Step 1: still unknown genetic abnormalities acting on a still 

unknown cell target cause the rise of the transformed clonal 

founder cell.  

Step 2: the progeny of this cell tends to avoid apoptosis 

and to obtain the condition most favorable for its progression 

through interactions with the microenvironment.  

Step 3:  the accumulation of new and more dangerous 

genetic abnormalities allows the growth of malignant cells to 

become autonomous from the microenvironmental influence.                                                                       

          Richter's transformation of CLL is the extreme prototype of 

step 3 and the prolymphocytoid transformation is a more common 

example of progression from the second to the third step 

(Caligaris-Cappio et al., 2005).  

The B-CLL lies at the cross roads of hematology, 

immunology and oncology for at least three major reasons:  
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1. It is a prototype of human malignancies that primarily 

involves defects in the induction of apoptosis.  

2. Patients with CLL develop a severe immunodeficiency 

with progressive hypogammaglobulinemia. 

3. Patients have a high prevalence of autoimmune 

phenomena (Caligaris-Cappio, 2000).  

Although for several decades B-CLL was considered as a 

unique entity, a body of evidence is now emerging indicating 

the biological heterogeneity of B-CLL. Molecular and 

immunophenotypic data consider two main subgroups of B-

CLL that exist at the cellular level: In fact, B-CLL cells can be 

divided into two categories according to IgVH gene mutation 

status. One group develops from "memory" B-cells after 

antigenic stimulation in the germinal center of secondary 

follicles, displays mutated IgVH gene and lacks CD38 

expression; the second one derives from the so called "naive" 

antigen inexperienced B-cells, does not present IgVH gene 

mutation and displays CD38 surface molecule. The two groups 

seem to be characterized by different clinical outcomes, with 

the "mutated" group expected to have a more benign course 

than that arising from a" naive" B-cell. Thus, the definition of 

the biological features of these groups could be of help for 

clinicians in order to recognize patients needing more intensive 

therapeutic approaches (D'Arena et al., 2003).  
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Role of Apoptosis in the Pathogenesis of CLL:  

Apoptosis is a normal physiological process of cellular 

suicide which occurs in all living organisms to eliminate 

unwanted, functionally abnormal or harmful cells (Reed, 2000).  

It has been suggested that the expansion of the leukemic 

cells in CLL is due to dysregulation of pathways of 

programmed cell death (apoptosis) rather than cell proliferation, 

although differences may exist in early versus late and treated 

versus untreated patients (Chiorazzi et al., 2007).  

Virtually all human cells are endowed with the capacity 

to commit suicide using an evolutionary conserved mechanism 

that involves activation of caspase-family cell death proteases. 

The activation of these intracellular proteases is carefully 

controlled through a delicate balance of anti-and pro-death 

proteins, serving to precisely regulate cell life span. Defects in 

the natural death pathway promote tumorigenesis by prolonging 

cell life span and hence cell accumulation (Kipps, 2001).  

The imbalance in the ratio of major pro-and anti-

apoptotic Bcl-2 family proteins, such as Bax and Bak 

(induction of apoptosis), Bcl-2 (anti-apoptotic), Bad, Bik and 

Hrk (anti-apoptotic inhibitors) seems to play an important role 

in the behavior and treatment response of CLL, although 

convincing clinical evidence is not yet available (Kipps, 2006).  

Chronic lymphocytic leukemia cells contain high levels 

of the anti-apoptotic Bcl-2 protein. Increased ratios of Bcl-2 
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relative to its pro-apoptotic antagonist Bax have been correlated 

with refractory disease, progression of the disease, and shorter 

survival. Higher levels of the anitapoptotic protein Mcl-1 have 

also been correlated with failure to achieve complete remission 

in patients treated with alkylating agents or purine analogs 

(Pepper et al., 1997). Moreover, a decrease in Bcl-2 and Mcl-1 

proteins and an increase in Bax and p53 proteins were observed 

following in vitro incubation of CLL cells with fludarabine 

(Pepper et al., 2001).    

Advances in CLL lymphocyte tumor biology have shown 

that interactions of the CLL cells directly with the local 

microenvironment may play a significant role in prosurvival 

and proliferative signaling pathways during tumor progression 

(Cuni et al., 2004). Several studies performed both in vitro and 

in vivo have indicated that differentially expressed adhesion 

molecules could explain the manner of lymphocyte 

dissemination during tumor progression in CLL (Lopez Giral et 

al., 2004). Indeed, CD54, CD44, CCL21, CCR7 and CD11a, 

which are involved in cell-cell and cell-matrix interactions, 

were differentially expressed according to the degree of 

lymphocytosis, lymphadenopathy, and/or splenomegaly (Till et 

al., 2002). Furthermore, neutralizing antibodies for CD44 

reduce the antiapoptotic effect of co-culturing CLL cells with 

dendritic cells in vitro (Pedersen et al., 2002).  Therefore, 

expression of cell surface adhesion receptors such as these may 

directly influence signaling pathways involving survival and 

proliferation (Dickinson et al., 2006).   
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The CLL represent quintessential example of human 

neoplasm characterized primarily by a problem with cell death 

rather than cell cycle. Because the cell suicide pathways is also 

required for tumor eradication by the immune system, 

anticancer drugs and irradiation, cancer-associated defects in 

the cellular apoptosis machinery also play an important role in 

treatment failures (Kipps, 2001). 

Monoclonal antibody-based therapies may provide 

opportunities to activate latent apoptotic programs in cancer 

cells, particularly in lymphoid malignancies, where tissue 

specific antigens can be exploited for cell-selective activation of 

apoptosis (Reed, 2000).  

CLINICAL FINDINGS 

1- General Symptoms: 

Over 25% of patients are asymptomatic at diagnosis. Such 

patients are detected due to discovery of non tender 

lymphadenopathy or an unexplained absolute lymphocytosis, or 

may present with an exacerbation of another underlying medical 

condition (Kipps, 2001). 

Some patients may have only mild symptoms of reduced 

exercise tolerance, fatigue or malaise, while others may present 

with more severe symptoms as weight loss, recurrent infections, 

bleeding and/or symptomatic anemia. However, night sweats 

and fevers (the so called B symptoms) are uncommon and 
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evaluation for complicating infectious diseases should be done 

(Kipps, 2006).   

2- Lymphadenopathy: 

Nearly 80% of all patients have non-tender 

lymphadenopathy at diagnosis. The lymph nodes are usually 

discrete and freely mobile (Kipps, 2001). Enlargement of 

cervical and supraclavicular nodes occur more commonly than 

axillary or inguinal lymphadenopathy (Johnston, 2004).  

3- Splenomegaly and Hepatomegaly: 

Approximately 50% of CLL patients present with mild to 

moderate splenomegaly. Splenomegaly may result in 

hypersplenism contributing to anemia and thrombocytopenia. 

However, in CLL such cytopenias are more commonly 

secondary to extensive marrow involvement with CLL and/or 

intermittent expression of auto-antibodies. Hepatomegaly 

occurs less frequently than splenomegaly (O'Brien and 

Keating, 2005). 

4- Extranodal Involvement:  

          Organ infiltration with leukemic cells is frequently 

detected at autopsy but is not commonly symptomatic. 

However, it may become symptomatic when it develops in 

certain locations such as in the retro-orbit, pericardium or lung 

parenchyma (O'Brien and Keating, 2005).  
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The gastrointestinal tract may be infiltrated by leukemic 

cells causing mucosal thickening, ulceration and bleeding may 

occur. Small bowel affection often causes diarrhea and 

intestinal malabsorption which induces megalobalstic anemia 

due to folate malabsorption (Monteserrat et al., 1997).  

Leptomeningeal leukemia is rare and if present, is usually 

seen in patients with refractory disease (O'Brien and Keating, 

2005).  

5- Immunological Complications: 

Patients with CLL have an increased risk for Herpes 

Zoster infection, as most of them have an acquired immune 

deficiency. They have greater susceptibility to infection due to 

numerous factors including hypogammaglobulinemia, low 

complement levels, functional defects in T cells, altered 

leukemic cell expression of major histocompatibility complex 

class II antigens and impaired granulocytic function (Ramsay et 

al., 2008).    

Patients develop autoimmune hemolytic anemia and 

immune thrombocytopenic purpura and less frequently, patients 

may develop pure red cell aplasia or neutropenia secondary to 

the development of auto-antibodies against marrow 

hematopoietic progenitor cells. These auto-antibodies are 

polyclonal and are usually immunoglobulins (O'Brien and 

Keating, 2005).  

 


