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Introduction 
 

Cancer is one of the most frequent diseases that burden the human health worldwide, 

there are no less than 200 types grouped into four groups; liquid cancers, solid cancers, 

metastatic cancers and secondary cancers [1].  

Leukemia is a cancer of the early blood-forming cells that effect hematopoietic cells. It 

is believed to arise through a multistep accumulation of genetic changes that result in 

deregulation of cell growth, differentiation, and programmed cell death. Leukemia can be 

classified according to the speed of development of the tumor into two main groups: chronic 

leukemia and acute leukemia. In this study, we will work on acute leukemia with both its 

subtypes [2]. 

A cytomorphological and immunophenotypic classification are the necessary tools to 

identify cell lineage and have a precise diagnosis of acute leukemia but sometimes they are 

not enough to determine all the subtypes, that is where cytogenetic and molecular 

variatiations investigation are needed. 

 in many instances, the cytogenetic results at diagnosis provide the most single 

important parameter for determining prognosis so far. Numerous recurrent karyotype 

abnormalities have been described in acute leukemia. These findings on the chromosomal 

level were followed and supplied by molecular studies that have identified genes involved in 

leukemogenesis. Even more, molecular markers were found to characterize specific subtypes 

of acute myeloid and lymphoid leukemia and completed the genetic marker profile.  

The identification of specific chromosomal abnormalities or molecular markers and 

their correlation with cytomorphological features, immunophenotype as well as clinical 

outcome led to a new understanding of this disease as a heterogeneous group of distinct 

biological entities. The importance of cytogenetic and molecular genetic findings for 

classification and for the understanding of pathogenetic mechanisms is increasingly 

appreciated in clinical context and was translated also into the new world health organization 

classification of hematologic malignancies that uses cytogenetic abnormalities as a major 

criterion. 
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The aim of this study will be: 

 

➢ To conduct a literature review and gather information on these hemato-

cancerous pathologies, while focusing on the genetic process involved in their 

occurrence. 

➢ A study of the data provided in all acute leukemia’s patients files. 

➢ To describe the biological and clinical characteristic of acute leukemia 

patients, with a focus on the essential diagnosis tools. 

➢ Investigate molecular variations in two genes known to be the most common 

mutations in acute leukemia.  
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1 Cellular blood components 

 Blood is a lifesaving liquid organ; it is a mixture of cellular elements which are: red 

blood cells (erythrocytes), thrombocytes, lymphocytes, and phagocytic cells. Lymphocytes 

and phagocytic cells together compose the white blood cells (leukocytes). Blood carries 

oxygen and nutrients to living cells and takes away their waste products. It also delivers 

immune cells to fight infections and contains platelets that can form a plug in a damaged 

blood vessel to prevent blood loss [3]. 

1.1 Red blood cells 

Red blood cells (RBC), also known as erythrocytes. Considered exclusively as 

transporters of oxygen and nutrients to the tissues, more recent experimental evidence 

indicates that they are important interorgan communication systems with additional functions, 

including participation in control of systemic nitric oxide metabolism, blood rheology, and 

viscosity [4]. 

The mature erythrocyte lacks a nucleus and some organelles. This allows having more 

room to store hemoglobin, enabling the cell to transport more oxygen. RBCs are also 

biconcave in shape; this shape increases their surface area for the diffusion of oxygen across 

their surfaces.  

1.2 White blood cell 

White blood cells or leukocytes are capable of motility and are part of the immune 

system; however, the specific roles and functions vary for each blood cell type. They circulate 

in the blood and mount inflammatory and cellular responses to injury or pathogens. An 

abnormal rise in the number of white cells is known as leucocytosis, whereas an abnormal 

reduction is called leucopenia [5]. 

Leukocytes can be classified as granulocytes and agranulocytes based on the presence and 

absence of microscopic granules. 

1.2.1 Granulocytes 

                Granulocytes can be distinguished from one another by the morphology of 

their nucleus and their size, they also have azurophilic granules (lysosomes) and specific 

granules that contain substances unique to each cell's function [6]. 
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1.2.1.1 Neutrophils 

Have an uneven form and several lobes in their nucleus. When activated, they migrate 

into the tissues via diapedesis. When activated in connective tissue, they undergo apoptosis 

and are then removed by macrophages. Neutrophils account for around 50% to 80% of white 

blood cells. 

1.2.1.2 Eosinophils 

Have a bi-lobed nucleus with large cytoplasmic specific granules that are eosinophilic. 

They are phagocytic cells that may migrate into various tissues of the body and participate in 

defense processes, hypersensitivity and inflammation. They represent less than 3% of 

leukocytes. 

1.2.1.3 basophils 

Are the granulocytes with the smallest number of granules. These granules include 

histamine and heparin, which are produced in response to inflammation and tissue damage, 

but they are not phagocytic in nature. Basophilia improve blood flow to the wounded tissues 

and release substances that attract other leukocytes to this area. 

1.2.2 Agranulocytes  

1.2.2.1 Monocytes 

Are precursor cells for the mononuclear phagocytic system, which include cells such 

as macrophages in connective tissue and organs. These cells are scavengers that engulf intact 

or dead microbes and then mop up cellular debris from areas of infection.  

1.2.2.2 Lymphocytes 

Constitute approximately 25% white blood cells, are of varying sizes, and have 

spherical nuclei. Lymphocytes subdivide into several groups using the cluster of 

differentiation (CD) markers. The major groups are B lymphocytes and T lymphocytes. 

The B cells that develop in the bone marrow and the T cells that grow in the thymus 

gland are the two basic types of cells. Once B-cells and T-cells are activated, the response 

takes two different forms. B cells, also known as plasma cells, that have been activated 

produce highly specific antibodies that bind to the antigen that elicited the immune response. 

Helper T cells produce substances that attract other immune cells and aid in the coordination 

of their onslaught. Cytotoxic T cells, on the other hand, assault virally infected cells [7]. 
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1.3 Platelets 

Are irregularly shaped fragments of cells that circulate in the blood until they are 

either activated to form a blood clot or are removed by the spleen. Thrombocytopenia is a 

condition of low levels of platelets and carries an increased risk of bleeding [7]. 

2 Bone marrow 

Bone marrow (BM) is a soft, gelatinous, and spongy tissue that fills the cancellous 

bone cavity. And consists of hematopoietic islands, adipocytes, stromal cells, and vascular 

tissue (endothelial cells and smooth muscle cells) (Figure 1).  

Between hemopoieticically active (red) and inactive (yellow) marrow, the relative 

proportions of these elements differ. At the time of age, red marrow in the bone mass shifts 

from the core parts (spine, ribs, and upper and lower limbs) to the extremities (e.g., elbows, 

wrists, knees, ankles, and toes). This is replaced by yellow marrow, which is found in 

appendicular (armpits, buttocks, thighs, etc.) bones [8]. 

All blood cells in humans are formed in the red bone marrow, with the exception of 

lymphocytes, which are created in the marrow and mature in the lymphoid organs. Along with 

the liver and spleen, red bone marrow plays a role in the elimination of old red blood cells. 

Yellow bone marrow is usually used as a fat storage facility, although it may be changed to 

red marrow in specific circumstances, such as significant blood loss or fever [9]. 

 

Figure 1: Schematic illustration of the bone morrow 
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3 Hematopoiesis 

Haematopoiesis is a normal development of different types of blood cells in order to 

satisfy daily requirements and to adapt to increased demand, such as damage or illness [10]. 

The primary locations of hematopoiesis change throughout life. At the beginning of the fetal 

period, it begins in the yolk sac, eventually transitioning into liver, spleen, and finally the 

bone marrow and lymph nodes. It is maintained in these final locations for the duration of 

adult life except in pathological cases where it can return to its former sites. 

All blood cell types arise from pluripotent stem cells in the bone marrow with the 

ability to re-new themselves. Hematopoietic stem cell (HSC) can promote the creation of 

more stem cells or differentiate them into two distinct groups of progenitor cells: common 

lymphoid progenitors (CLPs) and common myeloid progenitors (CMPs). Lymphoid lineage 

cells comprise T, B, and natural killer (NK) cells, while myeloid lines comprise 

megacaryocytes, erythrocytes, granulocytes, and macrophages (GM). Under normal 

physiological conditions, the progeny of CLP and CMP cannot be overlapped (Figure 2) [8]. 

 

Figure 2: Overview of Hematopoiesis 

Overview of Hematopoiesis. Hematopoietic lineages are outlined in this simplified overview 

of hematopoiesis. BFU-E, Burst-forming unit–erythroid; BFU-MK, burst-forming unit–
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megakaryocyte;CFU-E, colony-forming unit–erythroid; CFU-Eos, colony-forming unit–

eosinophil; CFU-MK, colony-forming unit–megakaryocyte; CFU-GM, colony-forming unit–

granulocyte–macrophage; NK, natural killer; PMN, polymorphonuclear leukocyte [11]. 

3.1 Hematopoietic stem cells  

           In one perspective, stem cells are "primal undifferentiated cells that maintain the 

capacity to develop into other types of cells." This permits them, as long as the organism is 

alive, to operate as a repair mechanism for other cells to replenish themselves [12]. Stem cells 

are defined by two important properties that enable them to be separated from other cells: 

3.1.1 Self-renewal 

 Is the process by which a stem cell divides asymmetrically or symmetrically to 

generate one or two daughter stem cells that have a developmental potential similar to the 

mother cell [13].  

3.1.2  The capacity for differentiation 

Under certain physiological or experimental conditions, stem cells are able to differentiate 

into specialized cells [14]. 

Throughout life, hematopoietic stem cells (HSCs) give birth to all blood cells in the 

body. They may renovate their own population, maintaining long-term capacity for blood 

regeneration and distinguishing themselves from all blood lines. Blood is different from 

other cells in that it has a high turnover rate: 1x106 blood cells are produced every second in 

a human body [15]. 
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1 Definition 

The word leukemia represents the general description of blood cancers. It is a clonal 

disease characterized by increased, uncontrolled abnormal hematopoietic cells and the 

accumulation of leukemia immature cells known as blasts that lose their ability to 

differentiate in the bone morrow and the blood stream.  

They can be classified as either acute or chronic according to the degree of cell differentiation 

and as myelocytic or lymphocytic according to the predominant type of cell involved.  

Acute leukemias are characterized by abnormal cells that are less mature, develop quickly and 

leave the bone marrow as dysfunctional blasts. These blasts crowd out healthy cells in the 

bone marrow, causing the rapid onset of symptoms [16]. 

2 Pathophysiology 

Leukemia occurs due to malignant transformation of pluripotent hematopoietic stem 

cells. Rarely, it can also involve a more committed stem cell that has a limited self-renewal 

capacity. In acute leukemias, these malignant cells are generally immature, poorly 

differentiated, abnormal blasts that can either be lymphoblasts or myeloblasts. These blasts 

can undergo clonal expansion and proliferation, leading to replacement and interference of the 

development and the function of normal blood products with malignant cells, leading to 

clinical symptoms.  

In ALL, chromosomal translocation or abnormal chromosome numbers can lead to 

mutations in precursor lymphoid cells leading to lymphoblasts. Common mutations include 

t(12;21) and t(9;22), also known as the Philadelphia chromosome. In AML, chromosomal 

translocations, rearrangements, and gain or loss of chromosomes can lead to mutations and 

abnormal production of myeloblasts. One important translocation is t(15;17), which leads to 

the fusion of retinoic acid receptor alpha (RARA) and a promyelocytic leukemia transcription 

factor (PML). This leads to the development of acute promyelocytic leukemia (M3) [17] [18]. 
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3 Classification 

3.1 Classification of acute myeloid leukemia (AML) 

AML is characterized by the hyperplasia of blasts, but in this case, of myeloid origin. 

It accounts for half of the leukemia cases diagnosed in teenagers and people in their 20s. It is 

the most common acute leukemia in adults. 

There are two most commonly used classification systems for AML, the most widely 

used of which is the french-american-british (FAB). However, the most recently established 

system is that of the world health organization (WHO). 

The FAB classification system was established in 1976. According to the FAB system, 

acute myeloid leukaemia can be divided into subtypes M0 through M7 based on 

morphological and cytochemical findings (Appendix 2) [19]. 

The world health organization classification of AML classification system was based 

on the immunological, cytogenetic, morphological and clinical findings. The revised (2008) 

and 2016 WHO classification system develops the FAB system and grouped acute myeloid 

leukaemias into four categories. (Appendix 3) [16]. 

3.2  Classification of acute lymphoid leukemia (ALL) 

ALL occurs when primitive white blood cells of lymphoid origin reproduce without 

developing into normal B and T cells. It is the most common leukemia in pediatrics, 

accounting for up to 80% of cases in this group vs. 20% of cases in adults. 

The FAB classification of ALL classifies the disease according to the infected cells: B, 

T, pre-B cells or even null, furthermore, according to the morphology of the cells, ALL are 

divided into three important categories: L1, L2, L3 (Appendix 4) [19]. 

Just like the AML, OMS classification was based on the cytogenetic aberrations. 

Nevertheless, with the new revision (2016), important new provisional entities with recurrent 

genetic abnormalities have been recognized and incorporated into the classification. These 

newly recognized entities are assuming increasing importance because of their association 

with an adverse prognosis and responses of some cases to the therapies [16]. 
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4 Epidemiology 

 According to GLOBOCAN database, leukemia is the 15th most commonly 

diagnosed cancer and 11th leading cause of cancer death worldwide in 2018 accounting for 

437,033 incident cancer cases and 309,006 cancer deaths. The disease burden is higher among 

males relative to females (incidence rate at 6.1 per 100,000 vs. 4.3 per 100,000 in 2018), as is 

the death rate (4.2 vs. 2.8 per 100,000 in males vs. Females) [20]. 

Globally, the total number of leukemia cases increased by 26% from 2005 to 2015, 

and population growth and aging accounted for all but 3% of this [21]. 

ALL and AML, which are important diseases in both childhood and adulthood, have 

bimodal age distributions. ALL is the most commonly diagnosed childhood cancer 

worldwide. It accounts for ∼75% of leukemia cases in children of <15 yr of age, with a peak 

incidence rate of 7.8 per 100,000 among children 2–4 yr of age in the United States [22]. 

Beginning in young adulthood, the age distribution of AML incidence is exponentially 

shaped. SEER data show an especially sharp increase in incidence after 75 yr of age, when the 

rate nearly doubles that of adults aged 60–74 (209 vs. 109 cases per 1,000,000 person-years) 

[23]. 

Unlike other leukemias, which are more highly incident among Whites, the incidence 

of pediatric ALL is higher for Hispanics than for other racial and ethnic groups. For Hispanic 

children of <20 yr of age, ALL incidence was 4.3 per 100,000 in the United States from 2001 

to 2014, compared to 3.4 for White and 1.9 for Black children. These rates have largely 

remained stable since 2008 [24]. 

Worldwide, AML occurs with greatest frequency in highly developed regions; age-

standardized incidence is highest for both males and females in Australia (2.8 and 2.0 per 

100,000), Austria (2.7 and 2.2 per 100,000), and the United Kingdom (2.7 and 2.0 per 

100,000) [25]. 

AML incidence and mortality are higher among Whites than other racial and ethnic 

groups. For example, age-adjusted incidence among White males in SEER is 5.4 per 100,000, 

compared to 4.5 for Blacks and 4.1 for Hispanics. Even mortality rates demonstrate a similar 

racial pattern (3.8, 2.7, and 2.3 per 100,000 for Whites, Blacks, and Hispanics, respectively), 
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and SEER data indicate that these racial and ethnic trends persist across sex and age groups. 

[26]. 

In Algeria, leukemia is the 11th most common cancer with a mean of 1683 cases per a 

year. According to a survey report made in Algeria in 2018 that included 21 centers of 

hematology department, the male frequency of acute leukemia patients was higher than the 

female (53% vs. 47%) and the most common age group of AML patients was between 30 and 

70 years [27]. 

5 Etiology 

Leukemia is a multi-step process; it needs more than one factor to develop. A number 

of genetic and environmental factors for the development of acute leukemias have been 

proposed. Undoubtedly, genetics have a major role in the development of these diseases but 

also the effects of a variety of environmental factors, occupations and hobbies have been 

explored.  

5.1 Genetic susceptibility  

While for the majority of leukemia cases there are no obvious known predisposing 

factors, some genetic and acquired germline mutations and clonal chromosomal abnormalities 

are associated with increased incidence of leukemia. Somatic abnormalities are very common 

In acute leukemia such as aneuploidy, pseudo-ploidia, hyperploidia, TEL-AML1 

translocation, MLL gene changes, chromosome deletion 5,7, Y and 9, t(8;21)(q22;q22), 

t(15;17) (q22;q11), trisomy 8 and other aberrations affecting chromosome 9,11 and 16, 

mutations occurring in the RUNX1 gene, CBFA2 and CEBPA [28]. 

5.2 Congenital disorders 

Some of these disorders that usually occur in childhood like the Bloom syndrome, 

Down syndrome Congenital neutropenia, Fanconi anemia and Neurofibromatosis. 

 In addition to some micro-disorders such as polymorphisms of enzymes that 

metabolize carcinogens such as NAD (P) H: quinone oxidoreductase (NQO1) and glutathione 

S-transferase polymorphism after chemotherapy. 
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5.3 Environmental exposure 

 A large number of environmental causes for the development of leukemia have been 

suggested. These mostly involve exposure to cancer-causing agents, including chemicals, 

exposure to pesticides and fertilizers, construction, vocations in the oil/gas industries with 

exposure to benzene, infections and radiation during various stages of life. Occupations with 

exposure to alkylating agents and formaldehyde are also found to have a higher risk of 

leukemia [29] [30].  

5.4 Drug exposure 

As some cancer patients can live with their disease, their continuous exposure to 

radiation for treatment makes them move from other tumors to leukemia, as usually happens 

in cases of Bone marrow transplantation and cases of treatment of breast cancer.  It is also 

worth noting that abnormalities in the 11q23 chromosome band after treatment with 

topoisomerase II inhibitors, although they are the causative factors of ALL, are more likely to 

lead to AML  [31]. 

6 Diagnosis 

The workup of leukemia is time-consuming. Multiple tests are needed to confirm a 

diagnosis, and subsequently, to stage the disease. The first step in the diagnosis of acute 

leukemia typically involves evaluating the peripheral blood of patients for anemia, 

thrombocytopenia, and leukopenia. The diagnosis of leukemia then involves testing via bone 

marrow aspirate and biopsy, along with peripheral blood samples that allow for flow 

cytometry, immunophenotyping, and genetic analysis. 

Bone marrow aspirate and biopsy results often reveal a hypercellular marrow with a 

small number of normal hematopoietic cells and a diffuse population of blasts. Flow 

cytometry is a test that uses a variety of dyes and chemical substances to classify leukemia 

cells. Immunophenotyping is determined by the pattern of surface proteins on the leukemic 

cells and allows for discerning between healthy cells and leukemia cells.  
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Patterns of the cell surface proteins in addition to the complementary FISH and PCR 

techniques to analyze chromosomes help to confirm the final diagnosis and distinguish 

between different subtypes [32]. 

7 Prognosis 

Long-term survival with leukemia varies tremendously based on leukemia subtype, 

cytogenetic and molecular findings, patient age, and comorbid conditions.  

Beginning with AML, the prognosis is related to the advanced age. Since 

most elderly people have preexisting predisposing diseases or predisposing to 

leukemia and also genetic analysis where patients with t (8; 21), t (15; 17) or 

inversion 16 have a favorable prognosis of up to 65%, while patients with normal 

cytogenetic results are considered as an intermediate risk and the percentage 

decreases to 10% in the case of patients with low-risk cytogenetic results (especially 

-7, -5, or monosomy karyotype) (Appendix 5) [18]. 

There are also some Minor risks including +8, 11q23 and miscellaneous mutations in 

FLT3, TP53 and TET2 may also contribute poorly to the development of the disease and 

conversely some mutations help the body fight disease such as Biallelic mutations in CEBPA 

that are associated with longer survival and mutations in NPM1 that increase the response to 

chemotherapy [33]. 

As mentioned earlier, the age factor is a very influential factor, as patients older than 

60 years have a recovery rate that is approximately half less than younger patients [34]. 

For ALL, initially only 20-40% of affected adults recover from the disease. Two types 

emerged in this regard, the first being a serious prognosis and the second less dangerous, and 

the indicators of the first were: no adverse cytogenetics, age less than 30 years, white blood 

cell count (WBC) less than 30,000/μl and complete remission within 4 weeks. The criteria for 

the second were adverse cytogenetics - translocations t(9;22), t(4;11) and age greater than 60 

years and B-cell precursor white blood cells with a WBC count greater than 100,000/μl and 

complete remission is not achieved within 4 weeks. 

Even though significant improvement in survival has been on the rise over the past 2 

decades for the adult population, there remains a wide chasm between the overall survival of 



Chapter 02                                                                                               Leukemia 
 

17 
 

pediatric patients compared with adults. The 5-year survival rate for people diagnosed with 

ALL under the age of 20 is 89%, yet this same 5-year survival milestone is only obtained by 

35% of those who are 20 years of age and older. Patients diagnosed with Ph-like ALL have a 

very high risk of relapse and the overall survival rate is poor [35]. 

8 Treatment 

 Therapy varies significantly based on the leukemia subtype and patient factors (e.g., 

age, comorbid conditions). Before mentioning treatment methods, it is necessary to address 

the stages of treatment of this disease, which are : 

8.1  Induction therapy 

It is the first stage, which may last from four to six weeks, during which the largest 

possible number of cancer cells are killed in the blood to regenerate healthy cells and return to 

their normal function and number. 

8.2 Consolidation 

The second stage, which may extend from four to six months in the form of cycles, 

and this stage is carried out with the aim of killing the remaining cancer cells from the 

previous stage so that the cancer does not regenerate again in the body. 

8.3 Maintenance therapy 

The last and longest stage, it may last for two years with the aim of eliminating any 

cancer cells that have survived the first and second stages to prevent relapse. 

The treatment methods  

Chemotherapy 

The most common form of treatment is polymorphic shake. The treatment 

periods are interspersed with periods of rest that the body needs to be able to recover 

well, and it is a method that requires at least six months where it can extend to an 

unknown extent. 
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Radiation therapy 

This type of treatment relies on two methods, the first of which is to direct 

strong radiation of energy to a specific place in the body that contains cancer cells, 

and the second is to circulate the treatment to all areas of the body as part of a 

hematopoietic cell transplant. 

Hematopoietic cell transplant 

This method is based on replacing the cancerous or infected cells with new 

healthy cells that come from the same person before chemotherapy or from another 

person in order to grow and multiply to form new bone marrow to produce new 

blood cells in turn [36] [37] . 

 

https://www.ncbi.nlm.nih.gov/books/NBK560490/
https://www.intechopen.com/chapters/44045
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Cytogenetic in acute leukemia 

Nowadays, cytogenetic play an important role in identifying the biological basis of 

acute leukemia. It helped detecting acquired chromosome abnormalities that recur in AML 

and ALL and giving exact chromosomal location of breakpoints in leukemia-associated 

translocations and inversions. In most malignant cells, these aberrations occur and some of 

them play a Major role in the leukemogenisis while others play a role in the development of 

various types of acute leukemia. 

The cytogenetics of acute leukemia has long been known to be of prognostic 

relevance, and both the number and some structural abnormalities are prognostic in both adult 

and pediatric acute leukemia. Here below is a list of the most recurrent abnormalities found in 

acute leukemia [38]. 

1  Recurrent Cytogenetic Abnormalities in Acute Myeloid 

Leukemia (appendix 6) 

1.1 Numerical chromosomal abnormalities  

Trisomy 8  

It is the most frequently occurring numerical abnormality in aml. It occurs in about 5–6% of 

aml cases and more frequently in additional with other chromosomal abnormalities. M4 and 

m5 morphologic subtypes of aml are linked with trisomy 8. 

Trisomy 21 

It is the second most frequent trisomy and the third most common karyotypic abnormalities. It 

is present in about 3–6% of cytogenetically aberrant AML. However, it is rare to be found as 

a solo chromosomal aberration and is more often associated with other trisomies or as a 

secondary alteration to inv (16) or t (16; 16). 

Trisomy 11 

 It is a nonrandom chromosomal abnormality that occurs in about 2%–3% of AML patients 

and 1% as isolated trisomy 11. Its association with AML's M1, M2, and M4. 
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Trisomy 13 

 It is detected in about 1–3 % of AML patients. It is frequently associated with secondary 

chromosomal abnormalities with t(6;9). Morphologic features in AML with trisomy 13 are 

heterogeneous but usually associate with AML- M0 and M1. 

Trisomy 22 

 It is a rare but recurrent chromosomal abnormality detected in about 2–3 % of AML. Sole 

trisomy 22 has shown male predominance in adult AML Interestingly. Trisomy 22 is the most 

frequently associated secondary chromosomal abnormality in AML, with inv (16) detected in 

about 20 % of cases. A considerable proportion of trisomy 22 was reported to be 

morphologically associated with AML M4Eo. 

1.2 Chromosomal Translocations  

 

t (8;21)(q22;q22): RUNX1-RUNX1T1 Rearrangement  

The t (8; 21) (q22; q22) translocation is a frequent recurrent chromosomal 

translocation found in 5–10% of AML patients. It corresponds with the M2 classification in 

certain instances of M4. t (8;21) is often found with additional numerical or structural 

anomalies (e.g., loss of X or Y chromosome, del(9q), +8, del(7q), −7, etc.). 

 t (15; 17) (q22; q21) : PML-RARA Rearrangement  

Acute promyelocytic leukemia (APL) is a distinct subtype of AML. Morphologically 

classified M3 comprises 5–10 % of all AML cases, with an occurrence rate similar to t (8; 21) 

(q22; q22). 

 inv (16) (p13.1q22)/ t(16;16) (p13.1;q22): CBFB-MYH11 Rearrangement  

It is detected in 5–8% of AML cases. The morphologic subtypes M4 with eosinophilia 

(AML- M4Eo), M2 and M5 are associated with the inv (16) (p13.1q22) or t (16; 16) (p13.1; 

q22). The vast majority are inv (16), with t (16; 16) being the least frequent. Both, however, 

include the CBFB gene on 16q22 and the MYH11 gene on 16p13.1, resulting in the CBFB-

MYH11 fusion gene [39]. 
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2 Recurrent Cytogenetic Abnormalities in Acute Lymphoblastic 

Leukemia  

2.1 Numerical Chromosomal Abnormalities  

 

High hyperdiploidy (51–65 ch) 

 It is one of the most common cytogenetic abnormalities observed in childhood B-

ALL. It is seen in (25-30% of the patients). High hyperdiploidy is characterized by a 

nonrandom gain of chromosomes, including + X, +4, +6, +10, +14, +17, +18, and +21. The 

near-triploidiy (64-78 ch) is <1% and the near-tetraploidy (82-94 ch) is 1-2%. 

   Hypodiploidy 

It is characterized by 46 chromosomes maximum and is seen in 5-8% of total B-ALL 

cases contrary to pseudodiploidy (82-92 ch), same for the pseudodiploidy wich concern the 

adults than the children [40]. 

2.2 Chromosomal Translocations 

Philadelphia Chromosome - like Acute Lymphoblastic Leukemia (Ph-like ALL) 

t(9;22)(q34;q11) translocation, encodes the fusion gene BCR-ABL1. This 

translocation is present in 3-5% of B-ALL cases and is associated with a very poor outcome. 

It has a prevalence of approximately 25% in a young population. 

t(12;21)(p13;q22) (ETV6-RUNX1)  

It is the most common recurrent translocation in B-ALL. It is estimated to occur in 25 

% of pediatric B-ALL [40] [41]. 

MLL gene rearrangements 

MLL (mixed-lineage-leukemia) gene rearrangements at 11q23 are present in 80% of 

all infant B-ALL cases and 10% of all adult B-ALL. 

t(10;11) (p12;q14) (PICALMMLLT10, CALM-AF10   

One of the most frequently detected translocations in T-ALL rearrangement resulting 

in fusion of the PICALM (CALM;11q14) and MLLT10 ( AF10;10p12) [40] [41]. 
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TAL1 Gene Rearrangements (1p32)  

The TAL1 gene is a basic helix loop helix transcription factor, and is frequently 

rearranged in T-ALL. In approximately 20 % of T-ALL patients. An additional 6 % of 

patients have the translocations t (1; 14) (p32;q11.2)  [41]. 

 

Gene alterations encountered in Acute Leukemia 

 

Recently, much progress has been made to understand the mechanisms of 

leukemogenesis. Dick et al, defines the existence of a hierarchical organization of leukemia, 

whereas. At least two gene changes with different functional consequences are necessary for 

the development of leukemia [42]. 

1  Gene mutations in Acute Myeloid Leukemia (appendix 7) 
 

Dash et al. proposed in 2001 the postulate that the mechanism of leukemogenesis 

takes place in several stages by the accumulation of type 1 mutations, providing a 

proliferative advantage, and type 2, blocking the process of differentiation of myeloid cells. 

The two types of mutations form complementation groups, and it is rare to find two mutations 

of the same group [43]. 

Type 1 mutations provide proliferative and/or survival advantages to hematopoietic 

progenitors by deregulating specific signaling pathways such as those involving N-RAS and 

K-RAS, FLT3, and c-Kit [44]. CBL (Casitas B-cell lymphoma) [45]. PTPN11 (Protein 

Tyrosine standard Phosphatase Non récepteur 11) [45] JAK2 (Janus Kinase 2) [46]. 

Type 2 mutations concern the capacities for differentiation and apoptosis and lead, 

alone in the absence of type 1 mutation, to SMD-type blood disease. These mutations involve 

essentially chromosomal translocations. Several chromosomal translocations found in AML 

attend to the appearance of chimeric proteins implicated in the pathogenesis such as: CBF 

translocation [43]. PML/rarα [47]. MLL gene rearrangement [48]. 
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1.1 Fms like tyrosine kinase (FLT3) 

1.1.1 Structure: 

 

FLT3 is a tyrosine kinase receptor, its gene is located on chromosome 13q12 [49]. It is 

made up of 4 separate domains: the first is the part extracellular N-terminal, formed of 5 sub-

units "Immunoglobulin-like". The second part is the transmembrane domain, and then the 

domain juxta-membrane and finally the cytoplasmic domain, this part is composed of two 

tyrosine kinase domains TK1 and TK2 linked by an insert kinase (K) (Figure 3). 

FLT3 plays a significant role in various regulatory processes of hematopoietic cells, 

phospholipid metabolism, transcription, proliferation, and apoptosis [50]. 

 

Figure 3: Schematic illustration of the FLT3 receptor [51] 

1.1.2 Implication of FLT3 in cancer 

The FLT3 receptor is expressed fundamentally indifferent malignant 

hemopathies, suggesting that it represents a significant function in the proliferation 

and survival of leukemia cells. In recent years, it has been proved that activating 

mutations in the FLT3 gene are the most frequent genetic abnormalities in LAM, and 

they have a significant impact on the prognosis [52]. 

The most common anomaly is tandem duplication (FLT3-ITD) from 3 to more 

than 400 amino acids located in exons 14 and 15 encodings the juxta-membrane 

domain, it is the most frequent, and according to the literature, it is found at a 
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frequency of 25-30% in adult AML patients with undetermined karyotype and 28-30% 

in patients with normal karyotype  [53]. 

This alteration may induce constitutive activation, uncontrolled receptor tyrosine 

kinase in blasts. This activation is directly involved in the leukemogenesis. Therefore, 

molecules have been developed that block tyrosine kinas specifically against FLT3 with some 

reassuring results. AML patients with no FLT3 mutations at diagnosis can present these later 

during the disease, generally during relapse [54]. 

1.2 KRAS (Kirsten rat sarcoma virus) 

1.2.1 Structure of KRAS 

The KRAS gene (GTPase KRas) is cytogenetically located at 12p12.1. It spans near 

46 kpb and has six exons; the exons 2, 3 and 4 are invariant coding exons, whereas exon 5 

undergoes alternative splicing, which results in the KRASA and KRASB isoform (Figure 4). 

The protein KRAS is ubiquitously expressed and highly similar to those encoded by the other 

RAS genes (HRAS and NRAS); all of them are known as Ras superfamily GTPases.  

 

Figure 4: KRAS gene homolog [55] 

1.2.2 Kras and cancer 

The first oncogenes identified in human tumors were KRAS, NRAS, and HRAS.  

Mutations of KRAS have been identified in a mutable rate [56]. RAS activating mutations are 

found in acute leukemia with frequency of 12- 44%. [57]. These mutations are not associated 
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to a specific karyotypic abnormalities, clinical features or prognosis leukemia (X. Thomas & 

Elhamri 2005a) and occur mostly in exon 12, 13 and 60 (Figure 5) [58]. 

Mutations in RAS genes may be induced by carcinogenic agents, such as nicotine gas. 

This implies that the type of mutations found may provide information about the type of 

mutagen involved in the induction of the mutations and, consequently, in the induction of the 

tumor. 

Two codons in the KRAS gene are mainly known to generate alternated proteins that 

are constitutively activated without the signal of a ligand bound to the EGFR. This are the 

codons 12 and 13 in the exon 2 of the KRAS gene. Both codons encode the amino acid glycine 

in the wild type protein. Replacement of one of the first two bases leads in both codons to an 

amino acid exchange in the KRAS protein, resulting in resistance of the tumor to the 

treatment [58]. 

 

Figure 5: Exon 12 structure of KRAS gene with reported mutations and their 

protein domain [55] 

2 Gene alteration in ALL 

ALL is based on a number of recurring chromosomal abnormalities, including 

hyperdiploidy, hypodiploidy, translocations t(12;21)(ETV6-RUNX1), t(9;22)(BCR-ABL1), 
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and t(1;19)(TCF3-PBX1), and rearrangement of the mixed-lineage leukemia (MLL) gene 

[59]. 

ALL B: is characterized both by a blockage of B-cell differentiation and uncontrolled 

proliferation of blastic cells. Adult and childhood B-ALL differs in terms of prognosis. Cure 

rates now approach 90% and 40 % for pediatric and adult ALL, respectively. Both pediatric 

and adult patients face significantly inferior outcomes if the disease recurs [60]. 

ALL T: the most frequent ones are: 

t(10;11)(q25;p15)NUP98/ADD3;t(10 ;14(q24 ;q11)/NHL (T-ALL ;NKFB2 and TCRA-D, not 

rare) ; t(10 ;10)(p12 ;q21)CTNNA3/ARHGAP21  [61]. 
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1 Patients 
 

Newly diagnosed AML patient who were admitted to the University hospital Center of 

Constantine (CHU), hematology department were our target study population. The samples 

were obtained from a DNA repository from a prior research on the genetics of Acute 

Leukaemia. In fact, we were unable to study new cases due to The COVID-19 pandemic.  

A total of 31 individuals with acute leukemia were included in our research. Sex, age, 

complete blood count, bone marrow Biopsy and conventional karyotype, if available, were 

the clinical and biological criteria gathered. 

The following criteria were used to enroll patients for this study: 

1.1 Exclusion Criteria 

 Hematological malignancies other than acute leukemia. 

 Pediatric malignancies were excluded.  

1.2 Inclusion criteria 

 Acute myeloblastic and lymphoblastic leukemia. 

 All patients were newly diagnosed and never received chemotherapy before. 

All patients were informed about the study and provided written consent. 

2 Methodology 

2.1 Biological analysis 

After studying the available patient records, sorting data and collecting information, we 

have focused on the main biological criteria that are needed for the diagnosis which are: 

Haemogram (complete blood count): is a series of tests made on the blood 

circulating cells, it can assess number of illnesses and disorders, including 

infections, anaemia, and leukaemia. 

The myelogram: is a haematological examination both quantitative and 

qualitative cytology of the spinal cord after aspiration of the bone marrow. It is 

important to confirm the diagnosis and identify the type of leukaemia. 

Immunophenotyping: flow cytometric immunophenotyping (FCI) is a critical 

component that enables thorough evaluation of important surface-membrane and 
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intracellular antigens expressed by leukemic cells, thus facilitating blast 

identification and phenotypic characterization.  

2.2 Molecular analysis 

The molecular study included two main steps: 

➢ DNA isolation 

➢ Mutational analysis   

All procedures were done within the National Research Center of Biotechnology (crbt). 

Equipment 

▪ Micropipettes and tips, 

▪ Eppendorf®, 

▪ Skirted well plates 

▪ Vortex, 

▪ Centrifuge, 

▪ PCR tubes, 

▪ - Thermocycler   (BIO-RAD® iCycler) 

▪ Gloves, 

▪ Support for molding, 

▪ Erlenmeyer 

▪ Microwave, 

▪ Electrophoresis tank and comb, 

▪ Plates for coloring, 

▪ Pipette, 

▪ Power generator, 

▪ Room with UV lamp equipped with a photograph-printing system. 

▪ Casting tray. 

2.2.1 DNA isolation 

Like it was mentioned before, our samples were obtained from a prior study, so the 

DNA was already extracted according to the “Slting-out” method [62]. Meanwhile, during our 

internship in the crbt, we have been able to attend the DNA isolation technique. We will 

describe below the main steps.  
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After collecting Blood samples in 5 ml EDTA tubes. There is 3 basic steps for DNA 

extraction; the preparation of leukocytes, the extraction of the DNA itself and finally the 

solubilization. 

• Preparation of leukocytes: Leukocytes are separated from whole blood by 

hypotonic lysis of erythrocytes in Tris-EDTA buffer (20 mm Tris, 5 mm EDTA, 

ph 7.5) (TE) 20: 5 for 10 minutes in ice. After washing, the pellet is resuspended 

in TE 20: 5. 

• DNA extraction: is done by adding a lysis buffer (400 mm nacl, 2 mm EDTA, 10 

mm Tris, ph 8.2), 10% Sodium Dodecyl Sulfate (SDS) and proteinase K at 10 mg 

/ ml. The tubes are rotated on a wheel, at 27 ° C, overnight, and are cooled the 

next day in ice for 5 minutes. Then 1 ml of 4M nacl is added to allow the release 

of nuclear DNA in the lysate as well as the digestion and elimination of the 

proteins associated with it by precipitation. The DNA ball is formed in the 

supernatant by precipitation with pure ethanol. Once the DNA ball has been 

collected with a Pasteur pipette, it is rinsed twice in 70% ethanol and then placed 

in a 1.5 ml Nunc® tube. 

• Solubilization: the DNA thus obtained is dissolved in aqueous phase by adding 

between 300 and 1000 µl of bi-distilled water depending on the size of the ball. It 

is left overnight on a rotator at 37 ° C, then at room temperature until complete 

dissolution. This operation lasts between 1 and 2 days. 

2.2.2 Mutational analysis  

A. Amplification of DNA by PCR 

➢ Principle 

The polymerase chain reaction (PCR) is a molecular biology method that amplifies a 

specific segment of DNA in many orders and produces thousands to millions of copies needed 

for various purposes. 

The PCR technique is bases on the natural processes a cell uses to replicate a new 

DNA strand by using a DNA-polymerase enzyme, template DNA, primers, nucleotides (A, T, 

C, and G). As a primer is attached to one of the DNA strands in the particular location 

selected to begin the synthesis, the enzyme synthesizes a complementary sequence of DNA 
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using The nucleotides. Primers restrict the sequence that may be duplicated, resulting in the 

amplification of a particular DNA sequence with billions of copies.  

PCR is a three-steps process that is carried out in multiple cycles, the initial step is 

denaturation followed by hybridization and finally the extension. 

➢ Detection of the FLT3-ITD mutation 

The FLT3-ITD consists of in-frame insertions of duplicated sequences, most of 

them are located in the juxtamembrane domain, these duplications are easily identified by 

PCR. 

1 Preparation of FLT3-ITD PCR mixture 

We amplified by PCR exons 14 and 15 of the FLT3 gene (OMIM : 136351) using a 

pair of specific primers (Table 01)  . 

Table 01: The primers (F) and (R) used of exons 14-15 of the FLT3 gene 

Primers Sequence (5 ’→ 3’) Amplicon size (bp) 

14 (F) GCAATTTAGGTATGAAAGCCAGC 
 

389 

15 (R) CTTTCAGCATTTTGACGGCAACC 

The PCR reaction mixture was prepared at room temperature and the 

components of the master mix used for the amplification are listed in (Table 02). 
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Table 02: Composition of the PCR reaction mixture for the amplification of exons 

14 and 15 of the FLT3 gene 

Reagents Initial 

concentration 

Concentration Volume (µl) 

H2O   16.8  

Buffer (-MgCl2)  10X 1X 2.5 

MgCl2 2.5mM 2.5mM 2 

dNTPs 25mM 10mM 0.5 

Oligo F 100mM 10mM 0.5 

Oligo R 100mM 10mM 0.5 

Taq polymeras (biomatik) 5U/µl 1U 0.2 

ADN  50ng 2 

 Total  25 

 

  2 Progression of the PCR cycles 

 

The cycles corresponding to the different temperatures of the PCR were programmed in a 

thermal cycler (BIO-RAD® icycler) in number of 35 cycles; the amplification process is 

presented in (table 03) 

Table 03 : Thermal cycler program for the amplification of exons 14-15 of the FLT3 gene 

Process Temperature (° 

C) 

Time Number of cycles 

Initial 

denaturation 

94 4 minutes 1 

Denaturation 94 30 

seconds 

35 

Hybridization 56 30 

seconds 

Elongation 72 1 minute 

Final elongation 72 10 

minutes 

1 
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3 PCR Product Observation 

The PCR products are submitted to an electrophoresis in an agarose gel to 

confirm successful amplification of the exon 14 and 15.  

The size of the amplified fragments is checked by electrophoresis on a 3% 

agarose gel by adding 3g of agarose to 100 ml TBE (Tris Borate EDTA) added to 10 

μl of gel stain which is an intercalant agent used to emit fluorescence during the 

electrophoresis observation. We put in the first well 3μl of size marker (PM 100 bp 

LADDER). Then, in the rest of the wells, 10 μl of amplification product are added to 

6µl of the SYBR Green dye which is a highly sensitive reagent for staining DNA in 

electrophoresis. 

After migration, the gel is subjected to UV light. The amplified fragments 

may be observed as fluorescent strips of the same or different sizes. 

The expected size of fragments in the PCR analysis of FLT3-ITD gene codon 

14 & 15 are: 

Normal allele Mutant allele 

FLT3-ITD 

codon 14 & 15 

389 pb >389 pb 

 

➢ . Screening for k-ras gene mutation  

The k-ras gene (OMIM:190070) point mutation in codon 12 is detected by the PCR-RFLP 

technique. 

 1 Preparation of the k-RAS PCR  

We used a pair of specific primers as mentioned in (Table 4). 

Table 4 : The primers (F) and (R) used of exons 12 of the k-RAS  gene 

Primers Sequence (5 ’→ 3’) Amplicon 

size (bp) 

 k-ras (F) ACT GAA TAT AAA CTT GTG GTA G‘IT GGA CCT 
 

157 

k-ras (R) TCA AAG AAT GGT CCT GGA CC 
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The reagent used in the PCR process as well as the amounts needed for each 

tube are listed in the (table 05). The PCR reaction mixture was prepared at room 

temperature. 

Table 05: Composition of the PCR reaction mixture for the amplification of exons 12 of 

the k-RAS gene 

 

 

2 Progression of the PCR cycles 

The cycles corresponding to the different temperatures of the PCR were programmed 

in a thermal cycler (BIO-RAD® iCycler) in number of 35 cycles (Table 06). 

. 

 

Table 06: Thermal cycler program for the amplification of exon 12 of the k-ras gene 

 

Process Temperature 

(° C) 

Time Number of 

cycles 

Initial 

denaturation 

94 4 minutes 1 

Denaturation 94 30 seconds 35 

Hybridization 56 30 seconds 

Mix  Initial 

concentration 

Final  

concentration 

Volume (µl) 

Buffer  10X 1X 2.5  

MgCl2  2.5mM 2.5mM 0.75 

dNTP  25mM 10mM 3.12 

Primer F  100mM 10mM 2  

Primer R  100mM 10mM 2 

 Taq polymerase 

(biomatik)  

5U/µl 1U 0.4 

H2O   13.23 

ADN   50ng 1 

Total :   25 
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Elongation 72 1 minute 

Final elongation 72 10 minutes 1 

 

3 PCR product observation 

The pcr results are electrophoresed using an agarose gel to ensure that the exon 12 is 

amplified successfully. 

To observe the pcr products, we used a similar procedure to the one used for the flt3-

itd. We prepared a 3% agarose gel, deposited the amplified products, and then observed the 

results. 

4 The enzymatic digestion 

➢ Principle 

The PCR products are subjected to enzymatic digestion, which involves the molecules 

DNA being cleaved at specific locations known as restriction sites. A mutation in the 

restriction site sequence can make a particular restriction site vanish or emerge. Variations in 

the number and length of restriction fragments produced after enzymatic digestion are used to 

identify these DNA changes. 

• kras sequence and restriction site of  BstNI enzyme  

 Mutations at the first and second bases of codon 12 of the K-ras involving 

replacement of a G with a C (Figure 6).  

   

Figure 6:  a schematic depiction of the k-ras sequence and restriction site of BstNI 

enzyme [63] 
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Expected sizes of fragments in PCR analysis of kras gene codon 12: 

 Fragment size  Normal allele  Mutant allele 

Kras codon12 157 114,29,14 143,14 

•  The digestion Protocol 

Digestion was performed using: BstNI restriction enzyme with the following 

protocol: 

Table 7: reaction mix used for the digestion with BstN1 

Reagents volume 

PCR reaction 

mixture 

10 µL 

nuclease-free water 17 µL 10X  

Buffer 2 µL 

BstNI 1 µL 

 

After preparation of the digestive reaction mixture (Table 7) PCR products are 

incubated for 3 hours at a temperature of 60°C. The digestion product have been 

electrophoresed using 3% agarose. 

2.2.3 The statistical analysis 

 

All our data were analyzed using Fisher’s exact test and student t test. P value was 

considered significant if it was <0.05. 

The results of all patients assigned to this study were processed using the SPSS 

statistical program (version 20.0). 
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        We conducted this study for several purposes, notably: describing the 

biological and clinical characteristics of patients with acute lymphoid and myeloid 

leukemia, as well as investigating the molecular variations of two genes known to be 

among the most common mutations in acute leukemia. 

1. Description of the study population 

The patients were chosen according to their type of acute leukemia, myeloid 

or lymphoid, each patient underwent an individual study about the clinical-

biological parameters. A total of 31 patients took part in this study: 68% of them 

have AML (21 patients) and 32% have ALL (10 patients) (Figure 7). 

 

Figure 7 : frequencies of both AML and ALL cases 

                According to the recent data, leukemia ranked the 14th position on an 

international scale, while in Algeria; their incidence places them in the 11th position 

with a frequency of 2.9% [64]. 

Regarding our results, the frequency of AML is twice that of ALL (68% vs. 

32%). The incidence of acute Lymphoid and myeloid leukemia in our study is 

consistent with what has been reported in the literature [65] , the most likely reason 

is the high prevalence of AML in adults as opposed to ALL which is more common 

among children under age 20 [66]. Added to that, in this study, one of the exclusion 

criteria was pediatric leukemia. That explains the disparity between the frequencies 

of AML and ALL cases [67] [68]. 

 

32%
68% LAL

LAM
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1.1. Distribution by sex    

Male patients represented 58% (n = 18) compared to 42% (n = 13) of the 

female sex. To be more specific, in ALL patients, males were represented by a 

frequency of 70% (n = 7) and females by a frequency of 30% (n = 3) (Figure 8), the 

sex ratio (M / F) is 2.3. On the other hand, no big differences were registered 

between male and female frequencies in the AML cases, which were 52% (n=11) 

and 48% (n=10) respectively with a sex ratio 1.1. 

 

Figure 8: Distribution of patients by sex and type of leukemia 

According to GLOBOCAN 2020, our results are in agreement with what was 

reported previously, in the USA as well as in Europe and more specifically in 

France; their frequencies are higher in males than in females in both LAL and LAM. 

[69]. These results may be explained by the fact that men are more exposed to the 

different environmental factors such as chemicals and exposure to ionizing radiation 

which may increase the risk for leukemia, another reason may be the 

Myelodysplastic syndrome disease, which is considered as a primary indicator of 

acute leukemia, and affects men more than women, in addition to some other factors 

like hormonal factors or genetic differences between males and females [70]. 

1.2. Age distribution 

The mean age of the patients was 40.80±15,45years old, with extremes 

ranging from 17 to 86 years old, with instances prevailing between 50 and 59 years. 
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There was a substantial difference in age in the samples between the two types of 

leukemia. In particular, majority of patients under the age of 50 were ALL (90%) 

Whereas, most patients over the age of 50 years were AML (56.36 %). 

 

Figure 9: Age distribution 

Concerning ALL patients, the mean age was 29.4±14, 65 years. Among them, 40% 

were under the age of 20 and only one case was over 50 years old. Contrary to the AML 

patients, where most of the cases had more than 50 years with a frequency that reaches 

56.36%, interestingly no patient was under the age of 20 years ( Figure 9).  

Age is an essential factor in the incidence of leukemia. While lit affects all age groups, 

it differs according to the type disease. Approximately 4.8% of all leukemia and lymphoma 

cases have been diagnosed in people under 20 [71] [72]. ALL, which affects children and 

adolescents, is responsible for about 25% of pediatric malignancies. By contrast, AML is 

much more common in adults, with a total incidence of 3–5 occurrences per 100,000 

population. Indeed, the typical age of diagnosis for AML is 66 years, with 54% diagnosed 

beyond 65 years of age and 33% over 75 years [73]. 

The incidence rate in Algeria is 17 per 100 000 individuals in those aged over 65 

years. The significantly younger median age when AML is diagnosed in Algeria may reflect 

the relatively younger population compared to the West. In fact, we have a considerably 

younger age in Algeria with a median age of 45±14.2 against a typical median age of 63 years 

in Europe [74][75]. 
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Depending on where the people were examined, this discrepancy may be due to the 

groups' regional differences or ethnic origins. 

1.3. Geographical distribution 

 patients from mila represented the highest percentage with 32.25% (n = 10) 

followed by those from constantine with 29.03% (n = 9) and the lowest percentage is the one 

from biskra 3.22% (n = 1)  (Figure 10) . 

 the diversity of geographical distribution is an essential factor in the study of any 

pathology, especially cancers, the chu of constantine is considered as a reception center for 

patients with acute leukemia in eastern algeria because of the lack of services in other 

hospitals. But that does not mean that it is the only cancer center in the eastern area.  

 

Figure 10: Geographic distribution by province 

2. Biological analyzes 

2.1. Hemogram 

After collecting data from the patients’ files, the following results have been observed. 

A. White cell blood count 

 

 We noticed that only 12.9% (n= 4) of our cohort had normal WBC (the standards are: 

5.2-12.4*10^9/L). The rest of them had either leukopenia (16.13%) or leukocytosis (70.97%)

 (Table 8). 
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Table 8: Leukocytosis results of all patients 

Leukocytosis (x109/L) Number of 

cases 

Proportion % 

Leukopenia : < 5.2 5 16,13 % 

 normal : 5.2-12   4 12,90 % 

Leukocytosis : >12-99 19 61,29 % 

hyperleukocytosi

s : ≥ 100 

3 9,68 % 

Total 31 100 % 

B. Hemoglobin 

93.38% of the patient suffer from anemia, which is the first indicator that leads to acute 

leukemia, confirm it with their analysis. 

C. Platelets 

 According to the results, all patients suffer from thrombocytopenia; we noted that all 

the results were below the normal standards of platelets in the human body. 

We conclude from the above that regardless of the type and subtype, acute leukemia 

patients have hyperleukocytosis, anemia and thrombocytopenia. These results may be 

explained by the fact that the abnormal activities that occur in the bone marrow and blasts 

proliferation greatly affect the components of the blood by increasing the number of 

abnormal, diseased and harmful cells, and in turn, the disruption or death of normal functional 

cells. 

2.2. Immunophenotyping 

Since this analysis is very expensive in Algeria, it is not affordable for all patients. In 

the present study, 61.29% (n=19) were able to do it. The results helped to classify the ALL 

into ALL B with 6 cases and ALL T with 1 case, while the rest was AML type. 

There was a strong expression of markers of immaturity CD34 and HLA-DR for all 

cases regardless of the subtypes. Therefore, in the ALL cases, there was a large expression of 
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antigens like ccd79, CD19 and CD10. As for one case there is an expression of ccd3, CD5, 

CD7, CD2 and CD8. 

Furthermore, the expression of other antigens allow to classify the cases in more 

specific cell lineages affected by leukemia, as we observed in the B line the presence of 

CD19, CD22 and CD24. Interestingly, it appears that CD20 is expressed late stage followed 

by CD10.  

As for the T line, the cells have the same degrees of progression and development of 

the disease because of the expression of the antigens CD7 in an early phase, then the CD2 and 

CD5 antigens appear on the surface of the T precursors. 

As for the cases with AML diagnosis, we have also strong expression of CD34 and 

HLA-DR and precisely the presence of CD13 and CD33 that are highly expressed compared 

to Myeloperoxydase CD117, CD33, CD13, CD11, CD14 and CD36. 

The use of immunophenotyping was suggested by the World Health Organization 

(WHO) [76], as it was found that the study of Cluster of Differentiation (CD) is a necessary 

step for studying acute leukemia and identifying the different subtypes. Immunophenotyping 

is a necessary key in the diagnosis because it help to determine the subclasses of ALL 

according to the EGIL classification [77]. 

These observations are in line with what has been reported previously [76] [78]. 

According to the WHO, the surface molecules that are always expressed in the hematopoietic 

cells are ccd3 and CD7 In addition to recurrent expression of CD8 and CD4, as it was noted 

that the rest of antigens, such as CD2, CD3, CD4, CD5, CD8, and CD10 are variably 

expressed [78]. 

All the antigens mentioned above are forms of the presence of cell blasts in different 

stages that have not reached a maturation phase thus confirming the blastic status that has 

invaded the peripheral blood of ALL patients and making an accurate diagnosis for each case. 

2.3. Myelogram and aml classification 

The myelogram is the essential part of the diagnosis by determining which cell lineage 

had invaded the bone morrow. 
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In our cohort, most of the patients (87.09%) had blasts over 50% regardless of thy 

subtype such as erythroblasts, myeloblasts, lymphoblasts..., which is a sign that the blasts are 

more present than the mature cells in the bone morrow. These results are the first tool to 

confirm the diagnosis of leukemia.  

 

Figure 11 : FAB classification of AML patients 

Within AML patients, a predominance of AML2 subtype with a frequency of 33,33%  

(n = 7) was registered, followed by AML4  23,81% (n = 5) and AML5 19,05%  (n = 4) then  

AML1 14,29% (n = 3) finally LAM 3 and AML0  4,76%  (1 cases for each) (Figure 11). 

2.4.  Karyotype 

It is worth mentioning that not all the patients can afford this analysis due to its costs, 

58.06% (n=18) of them had the cytogenetic results. Among them, 50% (n = 9) had a normal 

karyotype.  

The cytogenetic plus the myelogram and the immunophenotyping certainly gives the 

best results. Since cytogenetic analysis is the most important diagnostic tool for determining 

prognosis in acute myeloid leukemia [79]. 

A. For the AML  

Among the results obtained, acquired clonal chromosomal abnormalities were found 

in 40% of patients with de novo AML in our cohort, the rest of them had normal karyotype. 

Cytogenetic finding in AML could be divided into three groups: favorable risk, 

intermediate risk, and unfavorable risk. There were 30 % cases in the favorable risk group and 

cytogenetic abnormality includes cases with the t (8; 21), inv (16), and the t (15; 17). There 
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were 60% (n=6) cases in the standard risk group which includes cases with normal karyotype. 

The unfavorable group includes 10% (n=1) with a complex karyotype. 

Consistent with the findings of other international reports, in our study, 50% of the 

patients showed karyotype abnormalities. Clonal chromosomal aberrations are not detected in 

50% of AML patients [80]. 

About 60% of AML patients in our study had a normal karyotype by cytogenetic 

analysis. Studies from other countries have reported a normal karyotype in AML with a 

frequency of about 35%–55% [81][82]. 

The cytogenetically normal karyotype in AML is considered an intermediate 

cytogenetic risk group because of varying response to treatment, achievement of CR, and 

relapse rate. These patients should be investigated for molecular genetics alterations.  

B. For the ALL 

In the present study, abnormal karyotype were found in 57.15% of the cases with t (9; 

22), t (8; 21), t (4; 11) and a complex karyotype. Usvasalo et al, detected chromosomal 

aberration in 85% of the cases [82]. Silva et al. Detected abnormal Cytogenetic in 92.3% of 

their patients [83]. 

These differences between our results and the literature may be due to ethnicity and 

geographic factors or even the limited number of our ALL cases. 

Just like the AML, ALL abnormalities help divide patients in groups, for instance the 

presence of t (4; 11) is a bad sign for patients, it is classified in the adverse group. Indeed this 

translocation is considered a poor high-risk factor. 

To sum up, these aberrations can be correlated with cytomorphology and 

immunophenotyping results, which make them a very powerful tool for both the diagnosis 

and prognosis of acute leukemia patients. 
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3. Molecular results 

3.1. FLT3 

 

 

Figure 12: The genotyping of FLT3-ITD mutation 

 

The genotyping of FLT3-ITD mutation had shown that the duplication is present in 4 

out of 31 patients with a frequency of 12.91%, all the mutated patients were heterozygous 

(Figure 12). 

In the present study, we determined the incidence of FLT3 12.91% in the adult cohort, 

which is lower than what is reported in the literature 20-35%. [84][85].  

Contrary to our findings, the Mexican population had reported a higher frequency of 

patients with the FLT3-ITD mutation (20.3%) [85]. 

In contrast to the previous investigations, the American population has a lower 

frequency of patients with the FLT3-ITD mutation (1.12%). Otherwise, there were 

remarkable differences about the median age between American and our population [86]. 

In the FLT3-ITD positive group, we have observed that all the cases were de novo 

AML patients, the mutation was not found in any ALL case. 50% (n=2) of them were males. 

Concerning the non-mutated group, the males represented 59.26% (n=16) and the females 

represents 40.74% (n=11), the statistical analysis didn’t show any significant correlation 

between the sex and the presence of the mutation (p=0.515). The FAB types of AML among 

the mutated group were M1, M2, M4 and M5. 
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The mean age of the mutated group was 49, while the non-mutated group had a mean 

age of 39.4, the p value was 0.266. Those results are in agreement to what has been reported 

in Morocco [87] and in South Africa [88], but are in contrast with an American study where 

the median age of the FLT3-ITDmut was over 60 [89]. 

3.2. K-Ras 

 

Figure 13: Mutations in K-RAS 

          Mutations in K-RAS were detected in 7 leukemic patients with a frequency of 22.58 %     

(Figure 13). 

 In the mutated group, 71.43% (n=5) were males and 28.57% (n=2) were females; regarding 

the patients with a normal genotype, the frequency of males was 58.33% (n=14) and 41.66% 

(n=10) represented the frequency of females. This difference is statistically significant 

(p=0.0015). 

In the current study, we identified the k-Ras mutation is 22.58 %, this frequency is 

comparable to that reported in the literature, where this alteration was detected with varying 

frequencies (12%–44%) and represents one of the most common genetic alterations detected 

in AML [90] [57]. 

Unexpected findings emerged from our study. A significant association was gleaned 

between the presence of a K-RAS mutation and the sex of patients, where it is more present in 

the males than the females; which is in contrast to a study where the mutation is significantly 



Results and discussion 

 

50 
 

present in more females than males [91]. Currently, we have no biologic explanation for this 

result. 

Most of the K-Ras mutations were found among the AML patients with a frequency of 

85.71%, only one patient was ALL. AML1 subtype has the highest frequency 42.86% 

followed by AML5 25.56%, the other subtype s were 14.29%. 

The mean age of patients with k-ras mutation was 42.42, concerning the non-mutated 

patients, their mean age was 40.13 with a p value equal to 0.702. Our results are in agreement 

with the one reported in Thailand report [86]. Whereas, they are lower than the Korean and 

Japanese results who have shown a higher median age (55 – 51 years) [92] [93]. 
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Conclusion and perspectives 
 

Leukemia is a malignant hemopathy caused by an uncontrolled proliferation 

of the hematopoietic stem cell, it is diagnosed by haematological, cytological and 

biological examinations. Those latter can confirm the disease by detecting the cells 

responsible for abnormally molecular or chromosomic. 

In our study, we had no opportunity to take new cases because of covid 19. Still, it 

wasn't an obstacle because we used samples from a DNA pool from a prior research 

on the genetics of Acute Leukaemia.. We noticed that the AML incidence is greater 

than that of ALL with sex and age parity differences. We also made a study of the 

clinical and biological parameters of ALL and AML patients. 

In the molecular study, we noted that k-ras were present in both AML and ALL 

contrary to FLT3, which was only registered in AML cases. 

Activating mutations in the FLT3 gene are poor pronostic variables that adversely 

affect patient response and survival. The simplicity of the method for detecting these 

mutations and their prognostic significance make them a valuable tool for AML 

diagnosis and therapy improvement  

Contrary k-ras acted as an independent prognostic predictor in cytogenetically 

normal acute leukemia patients. The prognostic value of KRAS expression has been 

determined in various cancers. For instance, emphasized a more crucial role of 

KRAS in the process of leukemogenesis, and could act as a potential therapeutic 

target for designing cancer gene therapy. 

Diagnosis requires the use of both classical and molecular cytogenetic techniques. 

Their complimentary relationship enables the doctor to validate diagnoses, 

prognoses, therapy selection, and monitoring, thus enhancing hospital patient care. 

To conclude, it is important to mention the following points: 

• It is recommended that cytogenetic should be performed routinely in all acute 

leukemia cases. A correlation must be done with various biochemical and 

hematological parameters, immunophenotyping, and BM morphology. 
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• It is necessary, to establish and apply molecular studies and integrated them 

with cytogenetic studies for risk stratification at diagnosis to improve 

therapeutic strategies. 

• Our results are preliminary and cannot be confirmatory. The size of our 

population is limited, so it is essential to enlarge the sample size of patients. 

We can use the data from another region and hematological centers. Thus 

allowing us to draw conclusions concerning the Algerian population 

characteristics. 

• It is also recommended to create a national cancer registry, in order to 

conduct useful epidemiological studies and establish a national consensus on 

therapeutic management to implement new treatment strategies, such as gene 

Tyrosine Kinase inhibitors and other targeted molecular therapies.  

 



 

54 
 

 

 

 

 

 

 

 

 

 

 

 

References 



References 

 

55 
 

References 

 

1.Thébaud-Mony Annie, « Histoires professionnelles et cancer », Actes de la recherche en 

sciences sociales, 2006/3 (no 163), p. 18-31. DOI : 10.3917/arss.163.0018 

 

2. E Matutes. R Morilla. N Farahat. F Carbonell.J Swansbury. M Dyer. D Catovsky 

Vol. 82 No. 1 (1997): January, 1997 

 

4. Kuhn V, et al. Red Blood Cell Function and Dysfunction: Redox Regulation, Nitric 

Oxide Metabolism, Anemia. Antioxid Redox Signal. 2017;26(13):718-742.  

 

 

6. Prinyakupt J, Pluempitiwiriyawej C. Segmentation of white blood cells and comparison 

of cell morphology by linear and naïve Bayes classifiers. Biomed Eng Online. 2015 Jun 

30;14:63. 

 

7. Dean L. Blood Groups and Red Cell Antigens [Internet]. Bethesda (MD): National 

Center for Biotechnology Information (US); 2005. Chapter 1, Blood and the cells it 

contains. 

 

8. Wasnik S, Tiwari A, Kirkland MA, Pande G. Osteohematopoietic stem cell niches in 

bone marrow. Int Rev Cell Mol Biol. 2012;298:95-133 

 

 

10. Hoggatt  J .Pelus LM. Hematopoiesis . Brenner's Encyclopedia of Genetics (Second 

Edition) 3(4)  Pages 418-421. 2013 

 

11. Courtesy of Alexander R. Vermillion. 

 

12. McCulloch, E., Till, J. Perspectives on the properties of stem cells. Nat Med 11, 1026–

1028 (2005). 

 

13. He S, Nakada D, Morrison SJ. Mechanisms of stem cell self-renewal. Annu Rev Cell 

Dev Biol. 2009;25:377-406 

 

14. MERKACH I, Analyse mathématique d’un modèle de leucémie myéloïde chronique. 

Université Abou Bekr Belkaid- Tlemcen. 2019 

 

15. Szade K, Gulati GS, Chan CKF, Kao KS, Miyanishi M, Marjon KD, Sinha R, George 

BM, Chen JY, Weissman IL. Where Hematopoietic Stem Cells Live: The Bone Marrow 

Niche. Antioxid Redox Signal. 2018 Jul 10;29(2):191-204. 

 



References 

 

56 
 

16. Arber DA, Orazi A, Hasserjian R, Thiele J, Borowitz MJ, Le Beau MM, Bloomfield 

CD, Cazzola M, Vardiman JW. The 2016 revision to the World Health Organization 

classification of myeloid neoplasms and acute leukemia. Blood. 2016 May 

19;127(20):2391-405.) 

 

17. Vardiman JW. The World Health Organization (WHO) classification of tumors of the 

hematopoietic and lymphoid tissues: an overview with emphasis on the myeloid 

neoplasms. Chem Biol Interact. 2010 Mar 19;184(1-2):16-20 

 

18. Siegel RL, Miller KD, Jemal A. Cancer Statistics, 2017. CA Cancer J Clin. 2017 

Jan;67(1):7-30. 

 

19. Bennett, J. M., Catovsky, D., Daniel, M. T., Flandrin, G., Galton, D. A., Gralnick, H. 

R., & Sultan, C. (1976). Proposals for the classification of the acute leukaemias. French-

American-British (FAB) co-operative group. British Journal of Haematology; 33(4), 451-

8. 

 

20. Bray F, Ferlay J, Soerjomataram I, Siegel RL, Torre LA, Jemal A. 2018. Global 

cancer statistics 2018: GLOBOCAN estimates of incidence and mortality worldwide for 

36 cancers in 185 countries. CA Cancer J Clin 68: 394–424.doi:10.3322/caac.21492. 

 

21. Fitzmaurice C, Allen C, Barber RM, Barregard L, Bhutta ZA, Brenner H, Dicker DJ, 

Chimed-Orchir O, Dandona R, Dandona L, et al. 2017. Global, regional, and national 

cancer incidence, mortality, years of life lost, years lived with disability, and disability-

adjusted life-years for 32 cancer groups, 1990 to 2015: A systematic analysis for the 

global burden of disease study. JAMA Oncol 3: 524–

548.doi:10.1001/jamaoncol.2017.1747. 

 

22. Noone A, Howlader N, Krapcho M, Miller D, Brest A, Yu M, Ruhl J, Tatalovich Z, 

Mariotto A, Lewis D, et al. 2017. SEER Cancer Statistics Review, 1975–2015. National 

Cancer Institute, Bethesda, Maryland. 

 

23. Dores GM, Devesa SS, Curtis RE, Linet MS, Morton LM. 2012. Acute leukemia 

incidence and patient survival among children and adults in the United States, 2001–2007. 

Blood 119: 34–43.doi:10.1182/blood-2011-04-347872. 

 

24. Siegel DA, Henley SJ, Li J, Pollack LA, Van Dyne EA, White A. 2017. Rates and 

trends of pediatric acute lymphoblastic leukemia—United States, 2001–2014. MMWR 

Morb Mortal Wkly Rep 66: 950–954.doi:10.15585/mmwr.mm6636a3. 

 

25. Miranda-Filho A, Piñeros M, Ferlay J, Soerjomataram I, Monnereau A, Bray F. 2018. 

Epidemiological patterns of leukaemia in 184 countries: A population-based study. Lancet 

Haematol 5: e14–e24. 

 



References 

 

57 
 

26. Zhao Y, Wang Y, Ma S. 2018. Racial differences in four leukemia subtypes: 

Comprehensive descriptive epidemiology. Sci Rep 8: 548.doi:10.1038/s41598-017-

19081-4. 

 

27. Bekadja Med Amine, Amina Krim, et all Epidemiological, Clinical, and Biological 

Characterization of Newly Diagnosed Acute Myeloid Leukemia in Algeria. Report on 

Behalf of the Algerian Acute Leukemia Study Group. Blood 2018; 132 (Supplement 1): 

5172. 

 

28. Stieglitz, E.; Loh, M.L. Genetic predispositions to childhood leukemia. Ther. Adv. 

Hematol. 2013, 4, 270–290. 

 

29. Wong, O.; Harris, F.; Armstrong, T.W.; Hua, F. A hospital-based case-control study 

of acute myeloid leukemia in Shanghai: Analysis of environmental and occupational risk 

factors by subtypes of the WHO classification. Chem. Biol. Interact. 2010, 184, 112–128. 

 

30. Glass, D.C.; Gray, C.N.; Jolley, D.J.; Gibbons, C.; Sim, M.R.; Fritschi, L.; Adams, 

G.G.; Bisby, J.A.; Manuell, R. Leukemia risk associated with low-level benzene exposure. 

Epidemiology 2003, 14, 569–577. 

 

31. Bispo JAB, Pinheiro PS, Kobetz EK. Epidemiology and Etiology of Leukemia and 

Lymphoma. Cold Spring Harb Perspect Med. 2020 Jun 01;10(6). 

 

32. Acute Leukemia: Diagnosis and Treatment. 2020.Lisa M. Blackburn, MS, RN, 

AOCNS, Sarah Bender, MS, RN, CNP, OCN,Shelly Brown, MS, APRN-CNS, AOCNS. 

The Ohio State University Comprehensive Cancer Center, Arthur G. James Cancer 

Hospital and Richard J. Solove Research Institute, Columbus, OH. 

 

33. Estey E. Acute myeloid leukemia: 2016 update on risk-stratification and management. 

Am J Hematol. 2016;91:824–846. 

 

34. Rockova V, Abbas S, Wouters BJ, et al. Risk stratication of intermediate-risk acute 

myeloid leukemia: integrative analysis of a multitude of gene mutation and gene 

expression markers. Blood. 2011;118:1069–1076. 

 

35. Sallman DA, Chaudhury A, Nguyen J, Zhang L, List A. Handbook of hematologic 

malignancies. New York, NY: Springer Publishing; 2017. 

 

38. Heerema N.A., Raimondi S.C. (2018) Cytogenetics of Acute Leukemia. In: Wiernik 

P., Dutcher J., Gertz M. (eds) Neoplastic Diseases of the Blood. Springer, Cham. 

 

39. Yang, J. J., Park, T. S., & Wan, T. S. (2017). Recurrent Cytogenetic Abnormalities in 

Acute Myeloid Leukemia. Methods in molecular biology (Clifton, N.J.), 1541, 223–245. 

 



References 

 

58 
 

40. Woo, J. S., Alberti, M. O., & Tirado, C. A. (2014). Childhood B-acute lymphoblastic 

leukemia: a genetic update. Experimental hematology & oncology, 3, 16. 

 

41. Shago M. (2017). Recurrent Cytogenetic Abnormalities in Acute Lymphoblastic 

Leukemia. Methods in molecular biology (Clifton, N.J.), 1541, 257–278. 

 

42. Hematology Education: the education programme for the annual congress of the 

European Hematology Association | 2012; 6(1)). 

 

43. Dash A., Gilliland D G. (2001). Molecular genetics of acute myeloid leukemia. Best 

Practice & Research. Clinical Hematology, 14(1), p.49-64. 

 

44. Takahashi S. (2011). Current findings for recurring mutations in acute myeloid 

leukemia. Journal of Hematology & Oncology, 4, p.36. 

 

45. Sargin B., et al. (2007). Flt3-dependent transformation by inactivating c-Cbl mutations 

in AML. Blood, 110(3), p.1004-1012. 

 

46. Renneville A et al. (2008). Cooperating gene mutations in acute myeloid leukemia: a 

review of the literature. Leukemia: Official Journal of the Leukemia Society of America, 

Leukemia Research Fund, U.K, 22(5), p.915-931. 

 

47. Martens J., Stunnenberg H.G. (2010). The Molecular signature of onco-fusion proteins 

in acute myeloid leukemia. FEBS Letters, 584(12), p.2662-2669. 

 

48. Krivtsov A V., Armstrong S A. (2007). MLL translocations, histone modifications and 

leukemia stem-cell development. Nature Reviews. Cancer, 7(11), p.823-833. 

 

49. Antar, A. I., Otrock, Z. K., Jabbour, E., Mohty, M., & Bazarbachi, A. (2020). FLT3 

inhibitors in acute myeloid leukemia: ten frequently asked questions. Leukemia. 

doi:10.1038/s41375-019-0694-3. 

 

50. Griffith J, Black J, Faerman C, Swenson L, Wynn M, Lu F, et al. The Structural Basis 

for Autoinhibition of FLT3 by the Juxtamembrane Domain. Molecular Cell. 2004;13:169–

78. 

 

51. Annesley, Colleen E, and Patrick Brown. “The Biology and Targeting of FLT3 in 

Pediatric Leukemia.” Frontiers in oncology vol. 4 263. 23 Sep. 2014, 

doi:10.3389/fonc.2014.00263. 

 

52. D. Kottaridis Panagiotis, Gale Rosemary E., Linch David C. Flt3 mutations and 

leukaemia. British Journal of Haematology. 2003;122:523–38. 

 



References 

 

59 
 

53. Papaemmanuil E, Gerstung M, Bullinger L, Gaidzik VI, Paschka P, Roberts ND, et al. 

Genomic Classification and Prognosis in Acute Myeloid Leukemia. New England Journal 

of Medicine. 2016;374:2209–21. 

 

55. Keerthana, S. et al. “Effects of KRAS Gene Mutations in Gynaecological 

Malignancies.” (2018). 

 

56.  Fernández-Medarde A, Santos E (2011) Ras in cancer and developmental diseases. 

Genes Cancer 2:344–358. 

 

57. Ahmad EI, Gawish HH, Al Azizi NM, Elhefni AM. The prognostic impact of K-RAS 

mutations in adult acute myeloid leukemia patients treated with high-dose cytarabine. 

Onco Targets Ther. 2011;4:115-121.  

 

58. Thomas X., Elhamri M. (2005). Farnesyl-transferase inhibitors: preliminary results in 

acute myeloid leukemia. Bulletin Du Cancer, 92(3), p.227-238. 

 

59. Mullighan CG, Su X, Zhang J et al. Deletion of IKZF1 and prognosis in acute 

lymphoblastic leukemia. N Engl J Med 2009;360(5):470-80. 

 

60. Saarinen-Pihkala UM, Heilmann C, Winiarski J, Glomstein A, Abrahamsson J, 

Arvidson J, et al. Pathways through relapses and deaths of children with acute 

lymphoblastic leukemia: role of allogeneic stem-cell transplantation in Nordic data. J Clin 

Oncol. 2006;24(36):5750–62. 

 

62. Miller SA, Dykes DD, Polesky HF. A simple salting out procedure for extracting 

DNA from human nucleated cells. Nucleic Acids Res. 1988;16:1215. 

 

63. Ward R, Hawkins N, O'Grady R, Sheehan C, O'Connor T, Impey H, Roberts N, Fuery 

C, Todd A. Restriction endonuclease-mediated selective polymerase chain reaction: a 

novel assay for the detection of K-ras mutations in clinical samples. Am J Pathol. 1998 

Aug;153(2):373-9. 

 

66. Inaba H, Greaves M, Mullighan CG. Acute lymphoblastic leukaemia. Lancet.  

2013;381(9881):1943–55. 

 

68. Acute Lymphoblastic Leukemia: Epidemiology and Etiology Daniel Wartenberg, 

Frank D. Groves, Aaron S. Adelman (reference: edition, pagination volume. 

 

70. Cook MB, Dawsey SM, Freedman ND, Inskip PD, Wichner SM, Quraishi SM, et al. 

Sex disparities in cancer incidence by time period and age. Cancer Epidemiol Biomarkers 

Prev. 2009;18:1174–82. 

 

71. Swensen AR, Ross JA, Severson RK, Pollock BH, Robison LL. The age peak in 

childhood acute lymphoblastic leukemia. Cancer. 79:2045–51. 



References 

 

60 
 

 

72. Yana Puckett; Onyee Chan . Acute Lymphocytic Leukemia. Last Update: June 29, 

2021. 

 

73. Tebbi CK. Etiology of Acute Leukemia: A Review. Cancers (Basel). 2021 May 8; 13 

(9): 2256. 

 

74. Bekadja MA, Hamladji RM, Belhani M, Ardjoun FZ, Abad MT, Touhami H, et al. A 

populationbased study of the epidemiology and clinical features of adults with acute 

myeloid leukemia in Algeria: report on behalf of the Algerian Acute Leukemia Study 

Group. Hematol Oncol Stem Cell Ther. 2011;4:161–6. 

 

76. Ratei R, Schabath R, Karawajew L, Zimmermann M, Möricke A, Schrappe M, 

Ludwig WD. Lineage classification of childhood acute lymphoblastic leukemia according 

to the EGIL recommendations: results of the ALL-BFM 2000 trial. Klin Padiatr. 2013 

May;225. 

 

77. Bene M, Castoldi G , Knapp W , Ludwig WD, Matutes E, Orfao A. Proposals for the 

immunological classification of acute leukemias. Leukemia, 1995; 9(10): 1783-6. 

 

78. Robert E. Lewis, Julius M. Cruse, Catherine M. Sanders, Rachel N. Webb, Benjamin 

F. Tillman, Kevin L. Beason, John Lam, Jonathan Koehler,The immunophenotype of pre-

TALL/LBL revisited. Experimental and Molecular Pathology,Volume 81, Issue 2, 

2006,Pages 162-165. 

 

79. Schoch C, Haferlach T. Cytogenetics in acute myeloid leukemia. Curr Oncol Rep. 

2002 Sep;4(5):390-7. 

 

80. Alrajeh AI, Abalkhail H, Khalil SH. Cytogenetics and molecular markers of acute 

myeloid leukemia from a tertiary care center in Saudi Arabia. J Appl Hematol. 2017;8:68–

74. 

 

81. Cytogenetic Profile of de novo Acute Myeloid Leukemia Patients in Malaysia. Meng 

CY, Noor PJ, Ismail A, Ahid MF, Zakaria Z. Int J Biomed Sci. 2013 Mar; 9(1):26-32. 

 

82. Acute lymphoblastic leukemias with normal karyotypes are not without genomic 

aberrations. Usvasalo A, Räty R, Harila-Saari A, Koistinen P, Savolainen ER, Vettenranta 

K, Knuutila S, Elonen E, Saarinen-Pihkala UM. Cancer Genet Cytogenet. 2009 Jul; 

192(1):10-7.). 

 

83. Cytogenetic analysis of 100 consecutive newly diagnosed cases of acute 

lymphoblastic leukemia in Rio de Janeiro. Silva ML, Ornellas de Souza MH, Ribeiro RC, 

Land MG, Boulhosa de Azevedo AM, Vasconcelos F, Otero L, Vasconcelos Z, Bouzas 

LF, Abdelhay E. Cancer Genet Cytogenet. 2002 Sep; 137(2):85-90. 

 



References 

 

61 
 

84. Papaemmanuil E, Gerstung M, Bullinger L, et al. Genomic Classification and 

Prognosis in Acute Myeloid Leukemia. N Engl J Med 374: 2209-2221, 2016. 

 

85. Levis M. FLT3 mutations in acute myeloid leukemia: what is the best approach in 

2013? Hematology Am Soc Hematol Educ Program 2013: 220-226, 2013. 

 

86. Auewarakul CU, Lauhakirti D, Tocharoentanaphol C. Frequency of RAS gene 

mutation and its cooperative genetic events in Southeast Asian adult acute myeloid 

leukemia. Eur J Haematol. 2006 Jul;77(1):51-6. 

 

87. Dehbi H, Kassogue Y, Nasseredine S, Quessar A, nadifi S. FLT3-ITD Incidence and 

FLT-D835 Mutations in Acute Myeloid Leukemia Patients with Normal Karyotype in 

Morocco: A Preliminary Study. Middle East Journal of Cancer. 2013;4(1):1-5. 

 

88. Marshall RC, Tlagadi A, Bronze M, Kana V, Naidoo S, Wiggill TM, et al. Lower 

frequency of NPM1 and FLT3-ITD mutations in a South African adult de novo AML 

cohort. Int J Lab Hematol. 2014;36:656–64. 

 

89. Stirewalt DL, Kopecky KJ, Meshinchi S, Appelbaum FR, Slovak ML, Willman CL, et 

al. FLT3, RAS, and TP53 mutations in elderly patients with acute myeloid leukemia. 

Blood. 2001;97:3589–95. 

 

90. Illmer T, Thiede C, Fredersdorf A, Stadler S, Neubauer A, Ehninger G, Schaich M, 

Activation of the RAS pathway is predictive for a chemosensitive phenotype of acute 

myelogenous leukemia blasts.Clin Cancer Res. 2005 May 1; 11(9):3217-24. 

 

91. Afia Muhammad Akram, Asma Chaudhary, Humera Kausar, Fayez Althobaiti, Afshan 

Syed Abbas, Zawar Hussain, Naz Fatima, Erum Zafar, Wajiha Asif, Umair Afzal, 

Zoufishan Yousaf, Amjad Zafar, Steve M. Harakeh, Samina Qamer. Analysis of RAS 

gene mutations in cytogenetically normal de novo acute myeloid leukemia patients reveals 

some novel alterations. Saudi Journal of Biological Sciences,Volume 28, Issue 7,2021, 

Pages 3735-3740. 

 

92. Kiyoi H, Naoe T, Nakano Y, Yokota S, Minami S, Miyawaki S, et al. Prognostic 

implication of FLT3 and NRAS gene mutations in acute myeloid leukemia. Blood 

1999;93:3074–3080. 

 

93. Misawa S, Horiike S, Kaneko H, Sasai Y, Ueda Y, Nakao M, et al. Significance of 

chromosomal alterations and mutations of the N-RAS and TP53 genes in relation to 

leukemogenesis of acute myeloid leukemia. Leuk Res 1998;22:631–637. 

 

94. National cancer institute 2007. 

 

95. FERRANT. A. Hématologie. Faculté de Médecine Unité d’Hématologie, 2004 ;1. 

 



References 

 

62 
 

96. Swerdlow SH, Campo E, Harris NL, Jaffe ES, Pileri SA, Stein H. World Health 

Organization Classification of Tumours: Tumours of Haematopoietic and lymphoid 

tissues. In: eds. Lyon: IARC Presss. 2008. 

 

97. Rev Med Hosp Gen Mex. 2016;79:107-13. 

 

98. Pourrajab F, Zare-Khormizi MR, Hashemi AS, Hekmatimoghaddam S. Genetic 

Characterization and Risk Stratification of Acute Myeloid Leukemia. Cancer Manag Res. 

2020;12:2231-2253. 

 

99. Döhner H, Estey E, Grimwade D, Amadori S, Appelbaum FR, Büchner T, et al. 

Diagnosis and management of AML in adults: 2017 ELN recommendations from an 

international expert panel. Blood. 2017;129(4). 

 

 

  



References 

 

63 
 

Web Links 

 

3. Schwartz, et al. Blood. Encyclopedia Britannica, 24 Oct. 2020, 

https://www.britannica.com/science/blood-biochemistry. Accessed 6 June 2021. 

5. Britannica T, The Editors of Encyclopaedia. "White blood cell". Encyclopedia Britannica, 27 May. 

2020, https://www.britannica.com/science/white-blood-cell. Accessed 6 June 2021 

9. Britannica, The Editors of Encyclopaedia. "Bone marrow". Encyclopedia Britannica, 19 Mar. 2019, 

https://www.britannica.com/science/bone-marrow. Accessed 7 June 2021. 

36. https://www.ncbi.nlm.nih.gov/books/NBK560490/. 

37. https://www.intechopen.com/chapters/44045. 

54. FLT3 (FMS-like tyrosine kinase 3). Available from: 

http://atlasgeneticsoncology.org/Genes/FLT3ID144.html. 

61. http://atlasgeneticsoncology.org/Anomalies/Anomliste.html#T-ALL. 

64. https://gco.iarc.fr/today/data/factsheets/populations/12-algeria-fact-sheets.pdf. 

65. https://gco.iarc.fr/today/data/factsheets/populations/900-world-fact-sheets. 

67. https://link.springer.com/chapter/10.1007/978-3-540-72304-2_5. 

69. https://gco.iarc.fr/today/online-analysis-dual-bars-2? 

75. L’Algérie est le 2e plus jeune pays au Maghreb en 2014 (infographies). Al HuffPost Maghreb. 

2014. Available from: http://www.huffpostmaghreb.com/2014/09/13/algerie-maghreb-

infograph_n_5815298.html. 

 

https://www.britannica.com/science/blood-biochemistry.%20Accessed%206%20June%202021
http://atlasgeneticsoncology.org/Genes/FLT3ID144.html
http://atlasgeneticsoncology.org/Anomalies/Anomliste.html#T-ALL
https://gco.iarc.fr/today/data/factsheets/populations/900-world-fact-sheets
https://link.springer.com/chapter/10.1007/978-3-540-72304-2_5
http://www.huffpostmaghreb.com/2014/09/13/algerie-maghreb-infograph_n_5815298.html
http://www.huffpostmaghreb.com/2014/09/13/algerie-maghreb-infograph_n_5815298.html


 

64 
 

 

 

 

 

 

 

 

 

 

 

Appendix 
 

 

 



Appendix 

 

 
 

 

Appendix 1 : Schematic illustration of the different blood cells types [94] 
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Appendix 2 : classification of the LAM according to the FAB [95] 
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Appendix 3 : the different subtypes of acute myeloid leukemia according to the WHO 

classification [96] 
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Appendix 4: Subtypes of acute lymphoid leukemia according to the FAB classification [97] 
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Appendix 5: cytogenetic and molecular prognosis factors in AML [98] 
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Appendix 6: Equipment of PCR 

Equipment 

 

▪ Micropipettes and tips, 

▪ Eppendorf®, 

▪ Skirted well plates 

▪ Vortex, 

▪ Centrifuge, 

▪ PCR tubes, 

▪ - Thermocycler   (BIO-RAD® iCycler) 

▪ Gloves, 

▪ Support for molding, 

▪ Erlenmeyer 

▪ Microwave, 

▪ Electrophoresis tank and comb, 

▪ Plates for coloring, 

▪ Pipette, 

▪ Power generator, 

▪ Room with UV lamp equipped with a photograph-printing system. 

▪ Casting tray. 
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Appendix7: cytogenetic abnormalities and molecular mutations found in AML [99] 
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Résumé : 

La leucémie aiguë est un cancer qui affecte les cellules hématopoïétiques. C'est le 

15ème cancer le plus souvent diagnostiqué et la 11ème cause de décès par cancer dans le 

monde, il est classé selon le type prédominant de cellules impliquées comme myélocytaire ou 

lymphocytaire. 

Dans la première partie de l'étude, nous avons analysé les données fournies dans tous 

les dossiers de patients atteints de leucémie aiguë, suivi d'une description de la caractéristique 

biologique et clinique de ces cas. Nous avons observé qu'il y avait une disparité entre les 

sexes concernant les deux types de leucémie aiguë ; LAM et LAL. Nous avons également 

noté que la survenue de cette maladie était bimodale selon l'âge. 

La dernière étape était une enquête sur les variations moléculaires des gènes FLT3 et 

K-RAS, où nous avons enregistré une fréquence de loi des mutations FLT3-ITD et elles 

étaient exclusives aux patients atteints de LAM. D'autre part, la fréquence de la mutation c-K-

RAS était en accord avec la littérature et a été observée chez les patients atteints de LAM et 

de LAL. 

Dans cette étude nous avons mis en évidence la présence de mutations dans les gènes 

connus pour être les plus mutés dans la leucémie aiguë, nous avons également essayé 

d'évaluer une relation entre ces variations et les caractéristiques cliniques des patients. 

En résumé, bien que l'évaluation morphologique de BM et la biopsie reste importante 

pour le diagnostic de la LAM, il est clair que la présence ou l'absence d'anomalies 

cytogénétiques spécifiques et de mutations génétiques acquises restent la pierre angulaire 

pour prédire le pronostic (groupes à risque favorable, intermédiaire et défavorable) ainsi que 

pour orienter le traitement. est recommandé d'effectuer systématiquement des études 

cytogénétiques et moléculaires dans tous les cas de crise aiguë. Une corrélation doit être faite 

avec divers paramètres biochimiques et hématologiques. 
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 الملخص:

سرطان الدم الحاد هو سرطان يؤثر على الخلايا المكونة للدم. يحتل المركز الخامس عشر عالميا  

الخلايا   نوع  ويصنف حسب  للموت.  المؤدية  السرطانات  ناحية  من  عشر  والحادي  التشخيص  ناحية  من 

 المصابة إلى لمفاوي أو نخاعي. 

في الجزء الأول من الدراسة، قمنا بتحليل البيانات المقدمة في جميع سجلات المرضى المصابين  

وجود  لاحظنا  الحالات.  لهذه  والسريرية  البيولوجية  الخصائص  بوصف  متبوعًا   ، الحاد  الدم  بسرطان 

الح الدم  سرطان  من  بنوعين  يتعلق  فيما  الجنسين  بين  أن تفاوت  لاحظنا  كما  واللمفاوي.  النخاعي  اد. 

 الإصابة بهذا المرض كانت ثنائية النسق حسب العمر.

 كانت الخطوة الأخيرة هي التحقيق في الاختلافات الجزيئية في جينات: 

FLT3 و K-RAS 

 حيث سجلنا تكرارًا لطفرات:

FLT3-ITD 

فقد كانت التوتر المسجل  و قد كانت حصرية لمرضى سرطان الدم الحاد النخاعي. من جهة أخرى

 في طفرة البروتين  

Kras 

الدم   ابيضاض  الفئتين سواء مرضى  المرضى من  لوحظ عند  وقد  السابقة  الدراسات  مع  متوافق 

 اللمفاوي الحاد أو ابيضاض الدم النخاعي الحاد. 

لدم أظهرنا في هذه الدراسة وجود طفرات في الجينات المعروفة بأنها الأكثر تحورًا في ابيضاض ا

 الحاد، وحاولنا أيضًا تقييم العلاقة بين هذه الاختلافات والخصائص السريرية للمرضى.

الدم  ابيضاض  لتشخيص  مهما  دائما  يبقى  المورفولوجي  التقييم  أن  من  الرغم  على  باختصار، 

  النخاعي الحاد إلا أن وجود تشوهات خلوية معينة من عدمه هو أساس التنبؤ بالإصابة و تصنيفها لثلاث 

مجموعات )خطيرة و متوسطة و غير خطيرة( وكذلك توجيه العلاج. يوصى بإجراء الدراسات الوراثية 

المؤشرات  مختلف  مع  ارتباط  عمل  يجب  الحادة.  الحالات  جميع  في  روتيني  بشكل  والجزيئية  الخلوية 

 البيوكيميائية والدموية. 

 

 

ي الحاد. سرطان الدم النخاعي الحاد. مورثة. الكلمات المفتاحية: سرطان الدم الحاد. سرطان الدم اللمفاو

 . خلويطفرة. 

 



 

 
 

…. 

Academic year: 2021-2022 
 

 

Presented by: Attaf Sonia 

Benmansour Nihel 

Lakehal Ayat Meissoune 
 

 

Title: Contribution to the genetic study of acute leukemia in 

Eastern Algeria 
 

 

Thesis presented for the graduation of a Master of Genetic 
 

 

 

Abstract 

 

Acute leukemia is a cancer that affects hematopoietic cells. It is the 15th most commonly diagnosed 

cancer and 11th leading cause of cancer death worldwide, it is classified according to the predominant type of 

cell involved as myelocytic or lymphocytic.  

 

In the first part of the study, we analyzed the data provided in all acute leukemia patients’ files, 

followed by a description of the biological and clinical characteristic of these cases. We observed that there 

was a disparity in gender concerning both acute leukemia types; AML and ALL. We also registered that the 

occurrence of this disease was bimodal according to the age.  

 

The final step was an investigation of molecular variations of both FLT3 and K-RAS gene, where we 

registered a law frequency of FLT3-ITD mutations and they were exclusive to the AML patients. On the 

other hand, the frequency of c-K-RAS mutation was in agreement with the literature and were observed in 

both AML and ALL patients.  

 

In this study we highlighted the presence of mutations in genes known to be the most mutated in 

acute leukemia, we also tried to assess a relation between those variations and the clinical characteristics of 

the patients.  

 

To sum up, although morphological evaluation of BM aspiration and biopsy remains important for 

the diagnosis of AML, it is clear that the presence or absence of specific cytogenetic abnormalities and 

acquired genetic mutations remain as a cornerstone in predicting prognosis (favorable, intermediate, and 

unfavorable risk groups) as well as guiding the treatment. It is recommended that cytogenetic and molecular 

studies should be performed routinely in all cases of acute. A correlation must be done with various 

biochemical and hematological parameters. 
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