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Abstract: Leukemia is a malignant disease originating from lymphopoietic or hematopoietic stem cells of 

bone marrow. Leukemias are classified as acute or chronic, based on the spread and development characteristics 

of the tumor. Leukemias exhibit phenotypic and genotypic heterogeneity according to their classification. 

Therefore, hematology is one of the sciences that most frequently use molecular biology tests. Although the 

classification and risk assessment are mainly based on cytogenetic analysis, molecular tests play a 

complementary role. The most commonly used tests include conventional karyotyping, fluorescent in situ 

hybridization (FISH), polymerase chain reaction (PCR)-based single nucleotide polymorphism analyses (RFLP, 

ARMS etc.), comparative genomic hybridization (CGH), and sequence analysis methods. Molecular biology 

tests have become essential for the final diagnosis of malignant diseases, as well as determining the prognosis 

and even selection of treatment methods. Although cytogenetic and molecular indicators play a key role in 

determining the risk status of patients, there are also other prognostic indicators in long-term remission. The 

treatment response can also be evaluated by carrying out morphological, cytogenetic and molecular biology tests 

(MBT) on bone marrow samples collected at various times throughout the treatment period. In practice, MBTs 

can be used in the diagnosis and follow-up of benign hematologic disorders (hemoglobinopathies etc.) as well as 

malignant diseases. MBTs are also frequently used in the diagnosis of congenital or acquired hemolytic 

anemias, hemophilia, thrombophilia and platelet disorders. Therefore, it is possible to say that the genetic 

parameters obtained using different MBTs are of utmost importance in the diagnosis, treatment and follow-up 

period of prevalent malignant or benign hematologic diseases.   
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Introduction 

 

Hematology is a science that focuses on blood cells, blood-forming organs and the diseases of these organs. 

Millions of erythrocytes, leukocytes and platelets are produced in the human body each day in order to replace 

blood cells that are lost within the normal cell cycle (1). Hemostatic mechanisms somehow increase leukocyte 

production as a response to stress triggers such as bleeding and infection, wherein these cells return to normal 

levels when stress disappears. Hematopoiesis is the formation of blood cells and maintains the balance in a 

highly organized manner (2). In hematopoiesis, the fate and differentiation path of a cell is controlled by growth 

factors or growth factor receptors, specific transcription factors, and the microenvironment (3). 
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Figure 1. Hematopoiesis (4) 

 
If the hematopoiesis process works as it should, hematopoietic stem cells differentiate into peripheral blood cells 

(mature lymphocytes, granulocytes, monocytes, erythrocytes and megakaryocytes/platelets etc.) as shown in 

Figure 1 (5,6). In leukemia however, the cell proliferation rate increases during the stages of bone marrow 

development cells in one cell line, wherein neoplastic clones proliferate within the bone marrow and start to 

replace other bone marrow cells. The increase in the number of cell lines is sufficient to replace peripheral blood 

cells (7).  Leukemias constitute a large group of malignant hematologic diseases that are characterized by 

neoplastic cells covering the bone marrow and other tissues and accumulate in peripheral blood as a result of 

clonal proliferation, or discontinuation of a specific stage of normal myeloid or lymphoid hematopoiesis. The 

etiology of leukemia is not entirely known and leads to death if left untreated (8,9).  

 

Leukemias are divided into two groups, i.e. acute and chronic, depending on maturity and survival 

characteristics (10). Immature hematopoietic or lymphoid progenitor cells are dominant in acute leukemias. 

There is accumulation of leukocyte progenitors and scarcity of mature cells. Leukemias are divided into two 

groups, i.e. Acute Myeloid Leukemia (AML) and Acute Lymphoblastic Leukemia (ALL), according to the 

structural, cytochemical, immunologic and cytogenetic characteristics of the proliferating cells (11,12). Chronic 

lymphoid leukemia (CLL) is a type of cancer that develops as a result of the accumulation of small lymphocytes 

of mature appearance from the morphological aspect. CLL develops as a result of the accumulation of 

monoclonal cell surface antigens, in other words B lymphocytes, in the blood, bone marrow, lymphoid tissue 

and spleen (13). Since leukemia is a complex group of diseases that exhibit both phenotypic and genotypic 

heterogeneity, genetic evaluation is very important in determining the risk level and management of patients, 

wherein the majority of leukemia patients present with recurring chromosomal abnormalities. Although 

cytogenetic analyses are essentially used for the classification and risk assessment of leukemias, molecular 

biology tests play a complementary role (14).  

 

Therefore, this review will evaluate the important molecular biology tests which are currently used and can be 

used in the future, that are widely accepted in the evaluation of hematologic diseases.  

 

 

Biological methods used in the diagnosis and follow-up of leukemias 

 

Studies concerning molecular genetics in leukemias started with the identification of recurring chromosomal 

abnormalities in this disease. Studying the genes with altered/impaired functions as a result of translocation 

helped to determine the main control pathways of hematopoietic cells and understand how they caused 

leukemogenesis when impaired. As a result of translocations, either 2 opposite chromosomes may become 

juxtaposed, thus causing the creation of a new oncogenic fusion gene with the combination of the relevant 

genes. Alternatively, reciprocal translocation may enhance the function of a gene on one side, causing it to 

acquire oncogenic characteristics, or result in the gene losing its existing suppressive properties, thereby 

rendering it unable to prevent the cells from leukemogenesis (15,16).  
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Cytogenetic studies are primarily necessary in order to investigate the structural or numeric chromosomal 

abnormalities of leukemic cells. It is accepted that conventional karyotyping is still the first method of choice 

for this purpose. Fluorescent In Situ Hybridization (FISH) technique, which is a molecular cytogenetic method, 

and the molecular biology method (MBT) provide results when chromosome analyses fail to suffice (17,18).  

On the other hand, sub-microscopic changes at DNA level, such as point mutations, can only be detected by 

molecular methods. Genetic changes shown by these methods play an important role in the diagnosis, 

classification, determination of subtypes and prognosis of hematologic neoplasia, as well as treatment selection 

and minimal residual disease (MRD) monitorization. With this purpose, the entire genome is studied to detect 

mutations using next generation DNA sequencing technologies (19,20). In order to correctly identify these 

genetic abnormalities that have high clinical significance, it is necessary to first provide the suitable material and 

then select the suitable method. Therefore, a comparison of the cytogenetic and molecular biology methods used 

in the diagnosis and treatment of leukemias is provided in Table 1 (21). 

 

Table 1. Comparison of the cytogenetic and molecular biology methods used in leukemias 

Properties Karyotyping FISH PCR CGH SNP 

Does it ensure the study of the entire genome? 

 

YES NO NO YES YES 

Can it show translocation? 

 

YES YES YES NO NO 

Can it show point mutation? 

 

NO NO YES NO NO 

Can it show deletion? 

 

YES YES YES 

(qPCR)
2
 

YES YES 

Can it show amplification? 

 

YES YES YES 

(qPCR)
2
 

YES YES 

Can it show rare mutations? 

 

NO YES YES NO NO  

 

As seen in the Table 1, karyotyping is still the gold standard and other MBTs should be applied as 

complementary to the Karyocytogenetic Methods (KM), when KMs do not provide results or when the 

karyotype is normal. 

 

 

Use of molecular biology methods in benign hematologic disorders  

 

Hematology is a science that investigates not only malignant diseases but also various disorders known to be 

benign. Erythrocyte disorders can be classified as anemias, thalassemia and sickle cell disease, spherocytosis 

and G6PD deficiency, acquired hemolytic anemias, erythrocytosis and other congenital hemolytic anemias. 

Benign leukocyte disorders consist of granulocyte function disorders, granulocytopenia, lymphopenia, 

lymphocyte function disorders, and leukocytosis. Platelet disorders include acquired platelet function disorders, 

hereditary platelet disorders, other thrombocytopeniae, and ITP (immune thrombocytopenic purpura). An 

important group of these benign diseases, i.e. hemoglobinopathies and globin gene disorders, is a large group 

that encompasses various diseases (sickle cell anemia and thalassemia etc.) (22). Hemoglobinopathies are 

considered as recessive monogenic (single gene) diseases that are prevalent both globally and in Turkey, with an 

increasing global burden each year.  Nearly 7% of the world’s population carries a globin gene mutation. The 

most common type is beta thalassemia, which is mainly seen in Mediterranean countries, followed by Southeast 

Asia, India, Africa, Central America and Middle East countries. The incidence of hemoglobinopathies is 2.1% 

in Turkey, ranging between 0.7% and 13% depending on the region (23). Hemoglobinopathies are systemic 

diseases. This brings new genetic approaches to the diagnosis and treatment of hemoglobinopathies, although 

they are monogenic diseases. In order to diagnose and treat hemoglobinopathies completely, it is required to 

prepare a global map detailing the distribution of the relevant globin gene mutations; reveal the relationship 

between molecular genetic infrastructure and mutation types, prenatal diagnosis and preimplantation genetic 

diagnosis, mutation and phenotype; and to be familiar with the pharmacogenetic, immunogenetic, nutrigenetic 

and gene therapy approaches for globin metabolism and drug use (24,25). Despite the technological advances in 

detecting mutations, hematologic and molecular biology techniques should be used together in order to reach the 

correct diagnosis in screenings for hemoglobinopathies.  

 

Therefore, it is necessary to interpret the hematology results and confirm the genotypes using methods such as 

DNA analysis or mass spectrometry in order to make the correct diagnosis in a majority of carrier screening 

tests. These methods would be beneficial when hematology or biochemistry results are unclear. In addition, 

recent studies involving fetal DNA in maternal plasma and state of the art precise technologies, such as digital 
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PCR and next generation sequencing, provide the routine prenatal diagnosis of globin gene disorders in a 

manner noninvasive to the fetus (26,27). 

 

 

Conclusion  

 
New revolutionary discoveries in molecular biology enhance the quality of life and prolong the lifespan of 

leukemia patients, in addition to providing benefits in various fields. In addition to the advances in molecular 

biology, close cooperation between the laboratory and clinical findings also play an important role. This review 

aimed to convey the current molecular biology methods that are frequently used in the diagnosis, screening and 

follow-up of both malignant and benign important hematologic diseases. It is apparent that technological 

advances in genetic diagnostics achieved using molecular biology methods, would bring molecular diagnostics 

to a better position as a fast and inexpensive whole that encompasses the genome sequence of patients.  

 

 

References  
 

1- İlknur KOZANOĞLU, Yusuf BARAN. The Use of Molecular Diagnostic Methods in Hematology 

Laboratory. Turkiye Klinikleri J Hem Onc-Special Topics 2012;5(4):87-93. 

2- Blank, U., Karlsson, G., Karlsson, S., Dc, W. and Blank, U. (2011) Signaling pathways governing 

stem-cell fate Review article Signaling pathways governing stem-cell fate. 111, 492–503. 

3- Zhu, J. and Emerson, S.G. (2002) Hematopoietic cytokines, transcription factors and lineage commitment. 

Oncogene, 21, 3295–3313. 

4- Passegué, E., Jamieson, C.H.M., Ailles, L.E. and Weissman, I.L. (2003) Normal and leukemic hematopoiesis: 

are leukemias a stem cell disorder or a reacquisition of stem cell characteristics? Proceedings of the 

National Academy of Sciences of the United States of America, 100 Suppl , 11842–11849. 

5- Kufe, Donald W., Pollock, Raphael E., Weichselbaum, Ralph R., Bast, Robert C., Jr.,Gansler, Ted S., 

Holland, James F. (2003). Frei III Cancer Medicine. Sixth Edition. Hamilton (Canada), BC Decker Inc 

(e-kitap). 

6- Rosmarin, G. A., Yang, Z., Resendes, K. K. (2005). Transcriptional regulation in myelopoiesis: 

Hematopoietic fate choice, myeloid differentiation, and leukemogenesis.Exp Hematol, 33, 131-143. 

7- Finn, W. G, Peterson, L. C. (2004). Hematopathology in oncology, First Edition, New York,Boston, Cluwer 

Academic, 13-44. 

8- Arceci, R. J., Hann, I. M., Smith, O. P. (2006). Pediatric Hematology 3th ed Malden,Massachusetts 

Blackwell. 450-81. 

9- Poplack, D. G., Margolin, J. F. (1997). Management of common cancers of childhood. In: Poplack, D. G. 

editors. Principles and Practice of Pediatric Oncology I.Philedelphia: Saunders,:409-504. 

10- Franks, L. M., Teich, N. M. (2001.) Introduction to the Cellular and Molecular Biology of Cancer. 3rd ed. 

New York: Oxford University Pres, Inc. 

11- Inoue, K., Sugiyama, H., Ogawa, H., Nakagowa, M., Yamagami, T., Miwa, H., Kita, K., Hiraoka, A., 

Masaoka, T., Nasu, K., Kyo, T., Dohy, H., Nakauchi, H., Ishidata, T., Akiyama, T., Kishimoto, T. 

(1994). WT1 as a new prognostic factor and a new marker for the detection of minimal reidual disease 

in acute leukemia. Blood. 84,30-71. 

12- Neubauer, A., Dodge, R. K., George, S. L., Davey, F. R, Silver, R. T., Schiffer, C. A. (1994). Prognostic 

importance of mutations in the ras proto-oncogenes in de novo acute myeloid leukemia. Blood. 

83,1603–1611. 

13- Rozman C, Montserrat E. (1995). Currentconcepts: chronic lymphocytic leukemia, N Engl J Med,333, 

1052-1057. 

14- Yohe, S. (2015) Molecular Genetic Markers in Acute Myeloid Leukemia. Journal of Clinical Medicine, 4, 

460–478. http://www.mdpi.com/2077-0383/4/3/460/. 

15- Gönül OĞURa, Hatice MUTLU ALBAYRAK . Molecular Genetic Markers of Acute Myeloblastic 

Leukemia. Turkiye Klinikleri J Med Genet-Special Topics 2016;1(1):125-32 

16- Chiaretti, S., Gianfelici, V., Ceglie, G. and Foà, R. (2014) Genomic Characterization of Acute Leukemias. 

Medical Principles and Practice, 23, 487–506.  

17- Heim S, Mitelman F: Cancer cytogenetics. 2nd Ed. Willey Liss. Inc. New York 1995. 

18- de Ravel, T.J.L., Devriendt, K., Fryns, J.-P. and Vermeesch, J.R. (2007) What’s new in karyotyping? The 

move towards array comparative genomic hybridisation (CGH). European journal of pediatrics, 166, 

637–43. 

19- Oostlander, A.E., Meijer, G.A. and Ylstra, B. (2004) Microarray-based comparative genomic hybridization 

and its applications in human genetics. Clinical genetics, 66, 488–495. 



International Conference on Research in Education and Science (ICRES), March 21-24, 2020, Istanbul/Turkey 

22 

20- Lin, P. and Falini, B. (2015) Acute Myeloid Leukemia With Recurrent Genetic Abnormalities Other Than 

Translocations. American Journal of Clinical Pathology, 144, 19–28. 

21- Raimondi SC. Cytogenetics of acute leukemias. In Pui CH Ed. Childhood leukemias, 2nd Eds. Cambridge 

University Press, Cambridge, UK. 

22- Modell B, Darlison M. Global epidemiology of haemoglobin disorders and derived service indicators. 

Bulletin of the World Health Organization. 2008;86(6):480-7.  

23- Giardine B, Borg J, Viennas E, Pavlidis C, Moradkhani K, Joly P, et al. Updates of the HbVar database of 

human hemoglobin variants and thalassemia mutations. Nucleic acids research. 2014;42(Database 

issue):D1063-9.  

24-Synodinos JT. Harteveld HC. Preconception carrier screening and prenatal diagnosis in thalassemia and 

hemoglobinopathies: challenges and future perspectives. Expert Review of Molecular 

Diagnostics.2017; 17(3): 281-291.  

25- Clark BE. Theın SL. Molecular diagnosis of haemoglobin disorders. Clin. Lab. Haem. 2004, 26, 159–176.  

26- Ryan K. Bain BJ. Worthington D, et al. Significant haemoglobinopathies: guidelines for screening and 

diagnosis. Br. J. Haematol. 2010; 149(1), 35–49.  

27- Labbe RF. Vreman HJ. Stevenson DK. Zinc protoporphyrin: a metabolite with a mission. Clin. Chem. 1999; 

45(12), 2060–2072 

 

 

Author Information 
Mehmet Ozaslan 
Department of Biology, University of Gaziantep, 

Gaziantep, Turkey 

Contact E-mail: ozaslanmd@gantep.edu.tr 

Sibel Bayil Oguzkan 
Department of Medical Services and Techniques, Health 

Services, University of Gaziantep,  

Gaziantep, Turkey 

 


