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Summary

      Chronic myelogenous leukemia (CML) is a myeloproliferative neoplasm arises from Bcr-Abl gene translocation (called Ph chromosome) in hematopoietic stem cells (HSCs). This genetic abnormality results in constitutive activation of tyrosine kinase and subsequent uncontrol growth and multiplication of granulocytes. The cornerstone in treatment of CML are tyrosine kinase inhibitors, of which imatinib is the most effectively used. 
     JAK2V617F mutation is an acquired single nucleotide polymorphism (SNP) occurs in JAK2 gene and is associated with many hematological malignancy other than CML. It was thought that the two genetic abnormalities (Bcr-Abl and JAK2V617F) occur mutually; however, growing body of evidences suggested the reverse. This study aimed to investigate the prevalence of  JAK2V617 mutation associated with serum levels of alkaline phophatase (ALK) and lactate dehydrogenase (LDH)  in Ph+ CML Iraqi patients treated with imatinib.
     A total of 43 Ph+ CML patients (24 males and 18 females, age range 16-80 years) who attend Iraqi National Center of Hematology for Research and Treatment/Baghdad were enrolled in this study. Each patient has been received at least six month therapy with imatinib. A consent form involving age, gender, height, weight, smoking status, residency and first family relative history of leukemia was obtained from each patient. Besides, blood samples were collected, from which the granulocytes were separated  and then  DNA was extracted using a ready kit. Two assays were used for detection of JAK2V617F mutation; real time polymerase chain reaction (qPCR) using specific primers and probe, and  allele specific PCR (AS-PCR) using specific primers. Total white blood corpuscles (WBC) as well as serum levels of ALP and LDH were measured.
    qPCR  assay revealed 5 patients out of 43 (11.62%) were heterozygous for the muatant allele of JAK2V617F mutation (genotype GT). The concentration of this allele ranged from 0.01% to 0.12%. None of blood sample gave positive result for AS-PCR assay. From the all risk factors, only gender had significant association with the incidence of JAK2V617F mutation (p= 0.034, OR= 0.5, 95%CI= 0.364-0.687). Average total WBC count, and serum levels of ALP and LDH were higher in JAK2V617F-positive patients (9042±1512.55, 146.05±8.028 IU/L and 204±10.85 IU/L respectively) than that of JAK2V617F-negative patients (6039±1772.239, 64.45±40.15 IU/L and 178.33±13.693 IU/L respectively) with significant differences.
  These results indicate that JAK2V617F mutation can occur simultaneously with Ph chromosome in CML patients, and qPCR is a highly sensitive method for the detection of this mutation. Furthermore, serum activity of APL can be used as an indicator for the presence of JAK2V617F mutation in CML patients. 
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Introduction
     Chronic myelogenous leukemia is a myeloproliferative neoplasm arises from a single genetic translocation in a pluripotential HSC. This genetic aberration results in a clonal overproduction of the myeloid  cell line with a preponderance of immature cells in the neutrophilic line (Randolph, 2012). A hallmark of CML is an abnormal chromosome known as the Philadelphia Chromosome, a genetic or DNA related abnormality that initiates a series of events leading to the development of what is called a Bcr-Abl translocation. This translocation results in an abnormality of an enzyme known as tyrosine kinase causing granulocytes to grow and reproduce rapidly (Lundan et al., 2005). There is no obvious reason associated with such Philadelphia Chromosome, but the disease is seen predominantly in those aged 46 to 53 years, and  is slightly more common in males than in females (Randolph, 2012). Exposure to ionizing radiation and prolonged used of chemotherapy have also been committed as risk factor for the disease (American Cancer Society, 2014).
     The incidence of CML in Western countries is estimated to be approximately 2 per 100000 persons annually and account for 15% of leukemias in adult (Turgeon, 2012). In Iraq, leukemia occupies the fourth rank among all other cancers (after breast, lung and bladder cancer) and represented about 6.7% from all types of malignancies, of these about 15-20% is CML (Worldwide Cancer Statistics, 2012; Randolph, 2012).      
    Tyrosine kinases inhibitors have become the standard  drugs which are successfully used for the treatment of CML. However in some cases, CML develops resistance to therapy with such drugs. This resistance is often categorized as Bcr-Abl dependent or Bcr-Abl independent (Dutt and Srivastava, 2013). Bcr-Abl dependent mechanisms are believed to be the most common reason for the development of resistance. The mutation in Kinase domain (KD) of Bcr-Abl represent the most common mechanism of acquired resistance to tyrosine kinases inhibitors, occurring in 30-50% of cases (Dutt and Srivastava, 2013).
     Bcr-Abl-independent resistance can be induced in a single nucleotide polymorphism (SNP) in many genes such as Bim gene which encodes for protein belonging to Bcl2 family that is essential for apoptotic signal (Augis et al., 2013), and ABCC1 and ABCC2 genes (encode for ABC proteins transport various molecules across extra-and intra-cellular membranes) (Au et al., 2014).
   Similarly, JAK2V617F mutation can be a candidate to affect the overall status of CML patients including the possibility of resistance to tyrosine kinase inhibitor drugs. However, in contrast to other SNPs, the detection of JAK2V617F mutation in CML patients usually implies the presence of an additional hematological disease in the same patient which should draw special attention.  Although Ph+-CML patients formerly regarded as lacking this mutation, growing number of case reports and prevalence studies have refuted this claim and confirmed the coexistence of both genetic abnormalities in the same patients (Trejo et al., 2012; Ursuleac et al., 2013; Al-Kaabi et al., 2013; Pastore et al., 2013; Xu et al., 2014; Tabassum et al., 2014). 
   A previous trial has been conducted to determine the prevalence of JAK2V617F mutation among CML patients in Iraq using amplification refractory mutation system (Al-Kaabi et al., 2013). However, this method and other conventional PCR-dependent methods have low sensitivity and not quantitative. Therefore, the present study was conducted using real time PCR to study JAK2V617F mutation  in CML patients and aimed to:

1- Determine the prevalence of the mutation among Ph+-CML patients.
2- Quantitative assessment of wild type and mutant alleles of this mutation in positive cases.
3- Compare the efficiency of qPCR with allele specific PCR method in detection of the mutation.
4- Evaluate the effect of the mutation on positive cases through estimation of serum levels of alkaline phosphatase and lactate dehydrogenase. 



























2.1 Hematopoiesis
      Blood is the most highly regenerative tissue with approximately 1012 cells arising daily from adult human bone marrow (BM) (Hasan, 2013). Hematopoiesis is the process of blood cell production, differentiation, and development (Figure 2-1). The hematopietic system consists of BM, liver, spleen, lymph nodes, and the thymus. The hematopoietic stem cells (HSCs), cells with the unique ability to undergo self-renewal and generate progenitor cells for all hematopoietic lineages on demand, are the source of all blood cells (Hoang, 2004). In adults, the major site of hematopoietic cell formation is BM from which HSCs migrate to the liver, or stay in the BM where they are exposed to the different stimuli which result in the transformation of these cells into one of two progenitor cell lineages: either the lymphoid or myeloid (Morrison and Weissman ,1994). 
      Functionally, HSCs have avery short life span, and in order to perpetuate as well as produce progeny, they maintain a balance between self – renewal cell division. However, the molecular mechanism that control HSC self-renewal are poorly understand (Hasan, 2013).
      After being transformed into certain lineage, the progenitor cells progressively differentiate, taking features of the new lineage and losing their ability to proliferate and self renew (Arinobu et al., 2005).  The lymphoid lineage gives rise to the cells of adaptive immune system and includes T- and B-lymphocytes, as well as the natural killer cell (NK). On the other hand, the myeloid lineage differentiates into erythrocytes, platelets, neutrophils, eosinophils, mast cells, monocytes, and dendritic cells (Hoffbrand et al., 2006). However, dendritic cells (DCs) is not clearly grouped either into lymphoid lineage or myeloid lineage because these cells can be arised from either lymphoid or myeloid progenitor (Traver et al., 2000).
[image: ]
Figure 2-1: Hematopoiesis (Radak and Carr, 2013)
      The HSC differentiation to opt a lineage fate can be explained by different models. A stochastic model assumes that the cell intrinsic genetic and epigenetic factors as well as external stimuli determines the cells fate randomly (Busslinger et al., 2000). That means cytokine, cytokine receptors and transcription factors play a permissive role rather than instructive. In contrast "Determinism" emphasizes the predetermined role at these factors and stimuli in HSC differentiation and lineage selection (Muller-Sieburg et al., 2002).
      In any case, one of the most important mechanisms by which HSC differentiates is paracrine stimulation by growth factors and cytokines secreted by other cells and cells in the microenvironment within which the progenitor cell reside. When cytokines bind their target cell through the cognate receptor, they stimulate biological responses such as proliferation, survival and differentiation via various signaling transduction pathways which modulate gene expression (Robb, 2007). The most of the hematopoietic lineages, one or more principal cytokine regulator has been identified. Examples of these cytokines are: thrombopoietin for platelets, erythropoietin for erythroid cells, interleukin 15 for NK cells, and granulocyte colony stimulating factor (G-CSF) for granulocyte (Metcalf, 2008). 
      In addition to the principal cytokine, there are other cytokines which usually have transient action on hematopoiesis in response to urgent requirement of the body. For example neutrophilia occurs rapidly upon inflammation accompanied with dominant myeloid development and suppression of lymphoid lineage, a state known as emergency granulopoiesis (Burg and Pillinger, 2001). It was found that tumor necrosis factor alpha (TNF-α) seems to play a central role in the shift of BM hematopoiesis to the myeloid lineage rather than lymphopiesis. Importantly, co-injection of TNF-α and IL-1 enhanced granulopiesis and inhibited lymphopiesis in BM upon inflammation (Kondo, 2010).
       Not only cytokines and growth factor can influence hematopoiesis, but also the signaling pathways that these cytokines use can have their roles. Signaling networks that contribute to myeloid differentiation are well characterized (Miranda and Johnson, 2007). Some of the most prominent pathways include JAK/STAT, RAS/MEK/ERK, P13K-AKT, and p38 MAPK/JNK/SAPK (Steelman et al., 2008). Increasing the complexity of the intracellular signaling is the interaction and cross-regulation among these pathways. Accordingly, any disruption in one or more of these pathways can influence the hematopoiesis (Jones, 2010).
2.2 Myeloproliferative Neoplasms
    The concept of myeloproliferative neoplasms (MPNs), formerly referred to as the myelophoprolifartive disorders (MPDs) was first proposed by William Dameshek in 1951 (Dameshek, 1951). They are group of clonal HSC disorders that have proliferative nature with an elevation of one or more cell types in the blood (Figure 2-2) (Anastasi and Hoffman, 2013). The  World Health Organization (WHO) classification system put four classical disorders (polycythema vera (PV), Essential thrombocythemia (ET), primary myelofibrosis (PMF), and chronic myeloid leukemia (CML)) and five minor disorders (chronic neutrophilic leukemia (CNL), chronic eosinophilic leukemia, hypereosinophilic syndrome, mast cell disease and unclassifiable MPNs) under the main title of MPNs (Tefferi and Vardiman, 2008).



[image: ]
Figure 2-2: Classification and pathogenesis of Myeloproliferative Neoplasms. “The different MPNs can be classified by the predominant terminally differentiated myeloid cell involved in the disorder, and for each terminally differentiated myeloid cell there is a clinically distinct MPN (Levine  et al., 2007)



   The clinical picture of these neoplasms share many features: genesis in a single, multipotent HSC that assumes dominance over non- transformed progenitor; hypercellularity of the marrow; an increased risk of thrombosis and bleeding; and spontaneous transformation to acute leukemia and marrow fibrosis (Anastasi and Hoffman, 2013).
2.3 Chronic Myeloid Leukemia 
    Chronic myeloid leukemia (CML), also known as chronic granulocytic leukemia (CGL), is a clonal MPNs characterized by increasing the  proliferation of the granulocytic cell line without the loss of their capacity to differentiate (Kantarjian and Cortes, 2014).
     CML is often referred to as diseases of "firsts". It was the first disease (a) in which the term leukemia was applied, (b) to be associated with the constantly recurring chromosomal abnormalities, (c) to be recognized as the result of material reciprocally translocated from one chromosome to another, (d) to be the direct result of  a specific gene fusion , and (e) to have a therapy particularly targeted against the abnormal "Philadelphia" chromosome identified in CML patients (Richard et al., 2009).
2.4 Molecular Pathogenesis of CML
     Nowell and Hungerford (960) first defined the consistent association between CML and the presence of minute chromosome, later named the Philadelphia chromosome after the place of discovery. The cytogenetic abnormality was subsequently defined as reciprocal translocation between the long arm of chromosome 9 and 22 (Rowley, 1973). The t(9;22)(q34;q11) translocation was characterized as a fusion between breakpoint cluster region (BCR) gene on the chromosome 22q11 and the V-abl Abelson murine leukemia viral oncogene homolog  (ABL1) gene on chromosome 9q34 (Goodyear, 2011). This gives raise to a novel chimaeric Bcr-Abl gene which when translated produces a BCR-ABL fusion protein with prominent tyrosine kinase activity (Shtivelman et al., 1985). Bcr-Abl is now becoming the defining marker of the CML, and by the definition is present in all cases (Verfaillie, 1998). However, Bcr-Abl is also present in a significant proportion of leukemias (30% of acute lymphoblastic leukemia (ALL) (Fialkow et al., 1967), 3-5% of childhood ALL (Faderi et al., 1999) and in 2% of cases with acute myeloblastic leukemia (AML) (Paietta et al., 1998). The molecular techniques that amplify Bcr-Abl gene detect it in marrow cells of 25% to 30% of normal adults and in 5% of infants (Van-Dongen et al., 1999). Because CML develops in only 1.5 of 100000 individuals, additional molecular events or lack of immune recognition of the clonal cells may contribute to the development of CML (Kantarjian and Cortes, 2014).
     The entire BCR gene spans 130 kb, and three break point cluster regions have been described in the this gene: major (M-BCR), minor (m-BCR) and micro (µ-BCR) with more than 95% of Ph-positive CML patients present a break point in the M-BCR region (Rana et al., 2011). The M-BCR spans five exons (exon 12-16) which are called b1-b5 respectively. The m-BCR spans 11 exons (e1  to e11), while µ-BCR spans the last 7 exons (Goh et al., 2006). On the other hand, the Abl has 11 exons and is 230 kb. The breakpoint in this is usually upstream of exon (Faderi et al., 1999). A nomenclature has been developed to describe different junctions between the two genes (Figure 2-3). For instance, fusions are called b3a2, e1a2, e19a2 and so on. The first alphanumeric pair referred to the exon used in the BCR gene that fuses with the second exon of Abl gene (a2) (Deininger et al., 2006).
     In most cases, Abl gene exons 2 to 11 are translocated to the major breakpoint cluster region (M-BCR) of the bcr gene on chromosome 22 forming a hybrid bcr-abl gene. This later gene is transcribed into a 8.5 kb chimaeric mRNA with an b3a2 (between exon 14 of Abl and exon 2 of Bcr) or b2a2 (between exon 13 of Abl and exon 2 of Bcr)  junction. This mRNA is translated into a p210Bcr-Abl fusion protein (Jorgensen and Holyoake, 2001). In rare cases of CML, the breakpoint of chromosome 22 occurs in a minor breakpoint cluster region (m-bcr), and results in a e1a2 junction mRNA and a 190 kDa Bcr-Abl fusion protein, which is termed as p190Bcr-Abl. In very rare cases, a third breakpoint is detected in downstream of the µ-bcr between exon e19 and e20 of Bcr gene, it is termed µ-bcr. The transcription product of of this breakpoint is a mRNA with e19a2 junction and it is final product is a 230 kDa Bcr-Abl protein which is termed p230Bcr-Abl(Faderi et al., 1999).
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Figure 2-3 : Different Bcr-Abl junctions. Adopted from Goh et al. (2006). 
2.5 The causal relation between Bcr-Abl and CML
Bcr-Abl is thought to play an essential role in the leukemic transformation of hematopoietic cells and in the pathogenesis of CML. Fusion of Bcr to c-Abl inhibits SH3 kinase regulatory domain, resulting in constitutive activation of the Abl tyrosine kinase (Faderi et al., 1999). This active cytoplasmic tyrosine kinase does not block differentiation, but enhance  proliferation and viability of myeloid lineage cells (Deiniger et al., 2000). Some evidence indicates that Abl kinas activity is not the sole abnormality in CML. Many researchers suggest that the Bcr-Abl fusion protein may interact or interfere with other proto-oncogen pathways. Furthermore, several molecular events have been associated with CML transformation, including point mutations or deletions in the TP53 tumor suppressor gene, Myc amplification, deletions in the CDKN2A tumor suppressor gene, alteration of the RB retinoblastoma gene, and others. The causal relation of these events to transformation is not clear (Feinstein et al., 1991; Manjula et al., 2013; Kantarjian and Cortes, 2014).
2.6 Stages of CML
     Classically, three phases of disease progression are recognized in CML, chronic phase (CP), accelerated phase (AP), and blast phase (BP) (Quintas-Cardama and Cortes, 2006).
A- Chronic Phase
      Chronic phase is the first clinical phase. If untreated or treated with drugs that do not significantly affect the Philadelphia-chromosome cells in the marrow, chronic-phase CML is associated with a median survival of 4 years. During the chronic phase, CML is asymptomatic in 25% to 60% of all cases; in such instances, the disease is usually discovered on a routine blood examination (Richard et al., 2009).
      In symptomatic patients, the most common presenting signs and symptoms are fatigue, left upper quadrant pain or mass, weight loss, and palpable splenomegaly in 30% to 70% of patients. The liver is enlarged in 10% to 20% of cases. Occasionally, patients with very high white blood cell (WBC) counts especially in the advanced phases of the disease may have manifestations of hyperviscosity, including priapism, tinnitus, stupor, visual changes from retinal hemorrhage, and cerebrovascular accidents (Quintas-Cardama and Cortes, 2006).
B- Accelerated Phase
       Untreated patients with CML-CP inevitably progress to CML-AP, an aggressive form of acute leukemia highly refractory to chemotherapy (Sokal et al., 1988). The criteria used to define accelerated phase in all the studies with interferon and tyrosine kinase inhibitors include the presence of any one of the following factors: blasts > 15%, blasts plus promyelocytes > 30%, basophils > 20%, platelets < 100 × 109/L unrelated to therapy or cytogenetic clonal evolution. The accelerated phase is more frequently symptomatic, and it includes the development of fever, night sweats, weight loss, and progressive splenomegaly (Cortes et al., 2006).
C- Blastic Phase
     The blastic phase morphologically resembles acute leukemia. Its diagnosis requires the presence of at least 30% blasts in BM or peripheral blood. The World Health Organization (WHO) has proposed the diagnosis of blast phase if there are at least 20% blasts, but this classification has not been validated, and new evidence suggests that patients with 20% to 29% blasts have a significantly better prognosis than do those having at least 30% blasts. In some patients, the blastic phase is characterized by extramedullary deposits of leukemic cells, most frequently in the central nervous system (CNS), lymph nodes and skin, or bones (Richard et al., 2009).
     Patients in the blastic phase are more likely to experience symptoms, including weight loss, fever, night sweats and bone pain. Symptoms of anemia, infectious complications and bleeding are common. Subcutaneous nodules or hemorrhagic tender skin lesions, lymphadenopathy, and signs of CNS leukemia may also occur (Hehlman, 2012).
2.7 Diagnosis
     The symptoms are not specific, including weight loss, asthenia, small fever, sweats and malaise  and are not frequent, since in ∼40% of cases the diagnosis is fortuitous, being based on abnormal blood counts and differential. Physical findings consist mainly or only in splenomegaly, in slightly >50% of patients (Baccarani et al., 2012). The hallmark of diagnosis is leukocytosis with basophilia and with immature granulocytes, mainly metamyelocytes, myelocytes and promyelocytes, and few or occasional myeloblasts. Severe anemia is rare. Thrombocytosis is frequent. Blood counts and differential are very important for the calculation of a prognostic risk (Hasford et al., 2011) and for the distinction between chronic, accelerated and blast phases (Baccarani et al., 2009).
    The diagnosis must be confirmed by cytogenetics showing t(9; 22)(q34;q11), and by reverse transcriptase polymerase chain reaction (RT-PCR) showing Bcr-Abl transcripts. Cytogenetics must be performed by chromosome banding analysis (CBA) of marrow cell metaphases (Testoni et al, 2009). If marrow cells cannot be obtained, CBA can be substituted by interphase fluorescence in situ hybridization (I-FISH) of blood cells, using dual color dual fusion probes that allow the detection of Brc-Abl-positive nuclei. CBA is required, because it is necessary to detect additional chromosome abnormalities. FISH is not required, but it may become necessary to detect some variant translocations (Testoni et al., 2009). Qualitative RT-PCR is performed on RNA extracted by freshly collected BM or blood cells. It identifies the transcript type, either e14a2 or 13a2 (also known as b3a2 and b2a2), or much more rarely e19a2, or e1a2, indicating the BCR-ABL protein weight (P210, rarely P230 or P190) (Brandford et al., 2008). RT-PCR amplifies the region around the junction between Bcr and Abl1. It is highly sensitive for the detection of minimal residual disease. PCR testing can either be qualitative, providing information about the presence of the Bcr-Abl transcript, or quantitative, assessing the amount of Bcr-Abl transcript which is ideal for monitoring response to therapy. Simultaneous peripheral blood and marrow PCR studies show a high level of concordance (Kantarjian and Cortes, 2014).
2.8 Chemotherapy
      Modern therapies of CML involve the use of synthetic proteins that bind to Bcr-Abl protein, blocking the constitutive tyrosine kinase activity and reducing signal transduction (Randolph, 2012). The most successful synthetic ATP-binding inhibitor that has been developed to date is Imatinib mesylate (2-phenylamino-pyrimidine derivative, C30H35N7SO4 formerly known as STI571). The most striking feature of IM is its high degree of Bcr-Abl specificity, while its effect on other tyrosine kinases is negligible (Wei et al., 2010). The vast majority of patients treated with IM have cytogenetic and even molecular responses (undetectable Bcr-Abl transcripts by reverse transcriptase polymerase chain reaction(RT-PCR) (Kim, 2011). Despite the improved survival observed with imatinib use, a proportion of patients has a primary resistance to this drug or cannot tolerate this drug (Wei et al., 2010).
 
2.9 Tyrosine Kinases
      Tyrosine kinases are a vast group of enzymes that possess a conserved domain, called the kinase domain, which is responsible for catalyzing the transfer of a gamma-phosphate group from purine nucleotide triphosphate, such as  the ATP-molecule to hydroxyl groups of specific amino acid residues of their protein substrate. This phosphorylation allows the recruitment of downstream signaling proteins, by changing conformation and creating binding sites for proteins with Src homology 2 (SH2) and other phosphotyrosine binding domains. This process is fundamental mechanism for the reversible regulation of protein activity and function. It is a central mechanism for intracellular signal transduction, mediating range of cell functions from cell cycle progression, differentiation, metabolism and cytoskeletal rearrangement to apoptosis  DNA synthesis (Jones, 2010). There are two sub-classes of protein kinases; those that phosphorylate serine and threonine residues, referred to as Ser/Thr kinases and those that phosphorylate tyrosine residues, referred to  as Tyr kinases (Levinson, 2008). Tyrosine kinases can be classified into two main types:
1- Receptor tyrosine kinases (RTKs): they are also called enzyme coupled receptors. These receptors are transmembrane proteins that display their ligand-binding domains on the outer surface of the plasma membrane. The cytoplasmic domain of the receptor either acts as an enzyme itself or forms a complex with another protein that acts as an enzyme (Alberts et al., 2014).The binding of extracellular signal molecule causes two receptor molecules to come together in the plasma membrane. This pairing brings the two intracellular tails of the receptor together and activates their kinase domain so that each receptor tail phosphorylates the tyrosine of the other. The newly phosphorylated tyrosines serve as docking sites for several intracellular signaling proteins which propagate the signal to many distinations in the cell triggering complex responses.  The most important types of RTKs with relevance for leukaemogenesis are platelet derived growth factor receptor (PDGFRs),  fibroblast growth factor receptor (FGFR), Fms-like tyrosine kinase 3 (FLT3) and Bruton's receptor tyrosine kinases (BRTKs) (Kayser and Levis, 2014; Hendriks et al., 2014).   
2-  The non-receptor tyrosine kinases (NRTKs): The mammalian nRTKs are divided into ten families: Src, Abl, Jak, Ack, Csk, Fak, Fes, Frk, Tec and Syk (Blume-Jensen and Hunter, 2001). They lack receptor-like features such as an extracellular ligand-binding domain and a transmembrane-spanning region. The most of nRTKs are localized in the cytosol or nucleus, but some nRTKs are anchored to the cell membrane through amino-terminal modification (Van Etten, 2003). The activation in response to extracellular cues occurs via the physical and functional interactions of the stimulant factor with particular transmembrane receptor such as epidermal growth factor receptor (EGFR) (Okada, 2012). After ligand binding, a stimulated receptor activates an associated NRTK, and tyrosine phosphorylation subsequently recruits additional signaling molecules by binding or docking sites. These receptors are kept in an inactive state by intramolecular inhibition, or by association with inhibitory protein or lipids (Van Etten, 2003). The most important tyrosine kinases among this group which associate with leukemia are Scr, Abl and Jak.
2.9.1 Src tyrosine kinase
      The Src family tyrosine kinases (SFKs) include eight members which are activated in concert with the activation of transmembrane receptor such as T-cell receptor (Okada, 2012). These enzymes have an N-terminal mtristoylation site followed by an SH3, SH2 and a kinase domains. Two tyrosine residues are important for their activity: Tyr416 in the activation loop, and Tyr527 in the C-terminal tail (Xu et al., 1997). SFKs are activated primarily via protein-protein interactions involving their SH2 domains, followed by a trans-autocatalytic phosphorylation of a conserved tyrosine residue in their catalytic domain (Roskoski, 2005). SFKs interact with a network of intracellular pathways influencing cell adhesion, growth, movement and differentiation. Therefore, SFKs may exhibit oncogenic activity when they become overactivated (Sen and Johnson, 2011). This overactivation is frequently detected in solid tumors where it has been associated with advanced disease stages and metastatic potential (Hamamura et al., 2011). Regarding CML, overexpression of SKFs Hck and Lyn has been associated with the resistance to imatinib in the absence of Bcr-Abl kinase domain mutation (Donato et al., 2003). Pene-Dumitrescu and Smithgall (2010) demonstrated that the expression of Hck and Lyn in K562 CML cell line caused resistance to imatinib-induced apoptosis. The author suggested a feedback mechanism that sustains an active conformation of the Bcr-Abl tyrosine kinase domain. 
2.9.2 Bcr
      Bcr is  a 160 kDa protein with a coiled-coil oligomerization domain in the N-terminus, which enables Bcr to form a homotetramer. Downstream of this domain is a Src homology (SH2) binding domain (McWhirter et al., 1993). Furthermore, there is a serine/ threonine kinase located in the N-terminus encoded by the first exon of Bcr (Gregg and Prchal, 2005). Having different types of structural and functional properties, Bcr protein may be involved in different signaling pathways and serve as the cross point of these pathways (Deininger and Druker, 2003).
2.9.3 Abl
    Abl gene was first discovered in a tumor gene from the Abelson murine lymphosarcoma virus (Abelson and Rabstein, 1970). The product of the virally transduced gene, v-abl, showed tyrosine kinase activity (Sefton et al., 1981) and was determined to be an altered form of cellular Abl1 (Goff et al., 1980). B- cells transformed by v-Abl exhibit constitutively activated form of JAK1 and JAK3 as well as STAT1, 3,5 (Danial et al., 1998).  The Abl family of non-receptor tyrosine kinases consists of c-Abl (Abelson tyrosine kinase; Abl1) and its only paralogue, Arg (Abl-related gene; Abl2). c-Abl is localized at several subcellular sites, including the nucleus, cytoplasm, mitochondria, the endoplasmic reticulum and the cell cortex, where c-Abl interacts with a large variety of cellular proteins, including signalling adaptors, kinases, phosphatases, cell-cycle regulators, transcription factors and cytoskeletal proteins. Furthermore, c-Abl has been implicated to function in a range of cellular processes, including regulation of cell growth and survival, oxidative stress and DNA-damage responses, and actin dynamics and cell migration (Hantschel and Superti-Furga, 2004). c-Abl protein is a 145 kDa non-receptor tyrosine kinase (Faderi et al., 1999). This protein has a tyrosine kinase domain at amino terminal end. This domain is preceded by a Src-homology-2 (SH2) and SH3 domains. The SH2 domain binds to phosphotyrosine residues in a sequence specific manner (Raitano et al., 1997), while the SH3 domain negatively regulates c-Abl tyrosine kinase activity (Faderi et al., 1999), and this activity can be abolished by deletion of SH3. The carboxy terminus is extended and known as the last exon region which contains protein-protein interaction site that is responsible for the diverse subcellular localization (Hantschel and Superti-Furga, 2004). The autoinhibited form of c-Abl is not phosphorylated on tyrosine residues. When unphosphorylated, the activation loop of kinase domain is thought to fold the active site, thereby preventing binding of both the substrate and ATP (Schindler et al., 2000). Tyrosine phosphorylation of Abl1 is dependent on the presence of Y412. Phosphorylation of this amino acid can occur by an autocatalytic mechanism in trans (Dorey et al., 2001).


2.10 Janus kinases (JAKs) protein
      The mammalian genome encodes four JAKs (Janus associated kinase) family members, JAK1, 2, 3 and TYK2 (Wilks et al., 1991). They were first named “Just Another Kinase”, later Janus (Roman god of with two faces heading opposite directions) kinases”.  Hematopoietic cytokines interferons, and growth factors all use JAK family for signal transduction, placing JAKs in an important position for cell growth, survival, development and differentiation (Jones, 2010). All family members share a unique structure, with a relatively high degree of homology.
       There are seven “JH” (Janus homology domains), from the C to N terminus JH1: kinase, JH2: pseudokinase, JH3 and JH4 contain an SH2-like domain and linker region, whereas, JH5 to JH7 contain a FERM (band 4.1, ezrin, radixin and moesin) domain (Figure 2-4) (Girault et al., 1999). Jak2 gene is located on chromosome 9p24 and consists of 25 exons. The JH1 domain is encoded by the exon 19-25, F836-V1123. At C-terminal, JH1 domain possesses all the characteristic features at catalytic tyrosine kinas including tyrosine residues in the activation loop region , the canonical GXGXXG motif in the nucleotide-binding loop and a conserved aspartic acid residue involved in the phosphor transfer reaction in the catalytic loop. The JH1 domain is activated upon phosphorylate of tyrosine 1007 (Y1007) situated in the activation loop of JAK2 protein (Feng et al., 1997). The JH2 domain is encoded by exon 12 to the middle of exon 19, E543-N824 (Lindauer et al., 2001). This domain lacks all tyrosine kinase ability, and it is critical for regulation of JAK activity, as it inhibits the basal activity of the kinase domain (Saharinen and Silvennoinen, 2002). Deletion of the JH2 domain has been found to increase autophosphorylation and increase phosphorylation of downstream substrate STAT. Three regions have been identified in the JH2 domain which inhibit the activity of JH1, residues 758-807; 725-757 and 619-670 (Saharinen et al., 2003). Structural modeling has suggested that residues V617 to E621 form a loop connecting a β-strands of the N-terminus of JH2 domain, with C618 contacting the kinase activation loop. According to this modeling, Lindauer et al. (2001) postulated that V617, C618 and other local residues inhibit movement of the activation loop from its inactive to its active conformation. 
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Figure 2-4: JAK2 gene ( Berki et al., 2011)
     The FERM domain (encoded by the exon 3 to the middle of exon 9, D36-Y382) is responsible for the binding of JAK2 molecules to the receptor (Kruzer et al., 2006). Residuals located in the JH7 region have been shown to mediate the binding of JAKs to box 1/ proline-rich region of the cytokine receptor (Haan et al., 2002). 
2.10.1 JAK2 signaling pathways
     Jak2 can be activated by many ligands such as a signal from interferon, interleukin, growth factors, or other chemical messengers. The cytokine receptor super family is comprised of two types of single span membrane receptors: type I and type II , both lacking enzymatic activity in the cytosolic domain. One or more JAK2 may interact with each receptor subunit by interesting through box1 (proline-rich) and box2 (hydrophobic and charged) sequences in the cytosolic domain of the receptor (Hasan, 2013).
      JAKs are constitutively present in the close proximity of the cytosolic domain of the receptor. When ligands bind to their cognate receptors they induce a change in receptor confirmation which facilitate JAK's approach to the receptor.  The complex formed between the receptor and its ligand causes dimerization of the receptor. The attached JAK2 molecule becomes phosphorylated and recruits signal-transducing molecule called STAT (Signal Transducer and Activator of Transcription) (Levine et al., 2007). JAK/STAT signaling is essential for numerous developmental and homeostatic processes, including hematopoiesis, immune cell development, stem cell maintenance, organismal growth, and mammary gland development (Ghoreschi et al. 2009). Receptor dimerization due to ligand binding results in the juxtapositioning of the JAK. Recruitment of JAK is likely to result in its phosphorylation, either by autophosphorylation or by cross-phosphorylation by other JAKs. These phosphrylated tyrosines serve as docking sites which allow the binding of other signaling proteins, such as STATs, Src kinases, and MAP kinase (Wojchowski et al., 1999). In the JAK/STAT signaling pathway, phosphorylation of STAT causes dimerization and the dimerized molecule moves into the nucleus of the cell where it recognizes specific DNA sequences and attaches with. There, it mediates gene transcription and cell proliferation (Figure 2-5) (Sandberg et al., 2004). Evidences suggested STAT3 may promote cellular differentiation by upregulating the expression and enhancing the transcriptional activity of CCAAT/enhancer binding protein alpha (C/EBPα), a key transcription factor that derive myeloid differentiation (Nosaka et al., 1999).
    Constitutive activation of different JAKs and STATs are believed to mediate neoplastic transformation and promote abnormal cell proliferation in various tumor phenotypes including hematological malignancies (Jones, 2010).
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Figure 2-5: JAK2 signaling: A- In the absence of ligand, JAK2 molecules bind to cytokine receptor as an inactive dimer. Ligand binding to cytokine receptor induces the conformational change in the receptor resulting in auto and trans phosphorylation on JAK2 and cytokine receptor. Once activated, cytokine receptor recruit and phosphorylates several signal transmitter molecules that lead to signaling through signal transducers and activator (STAT). B- JAK2 signaling is regulated by dephosphorylation (SHP-1), by competing for STAT binding (Hasan, 2013).










2.10.2 Constitutive Activation of JAK2
      There are two main types of genetic alterations in JAK2 resulting in aberrant tyrosine kinase activity that involved in many hematopoietic malignancies: chromosomal rearrangements and point mutations.
     An example of the first type is the translocation ETs leukemia (TEL)-JAK2 fusion protein which reported in T-cell childhood ALL, pro-B ALL and atypical CML (a CML) (Peeters et al., 1997). TEL is a transcription factor and its helix-loop- helix ( HLH ) oligomerization domain of JAK2. This fusion induces the constitutive activation of JAK- STAT (Ho et al., 1999), PI3K (Nguyen et al., 2001) and NF-KB (Santos et al., 2001) signaling pathways.
2.10.3 JAK2 V617F mutation 
     The first reported mutation in JAK2 gene associated with a MPNs was independently identified by five researcher groups in 2005 (James et al., 2005; Kralovics et al., 2005; Baxter et al., 2005; Levine et al., 2005; Zhao et al., 2005).  A  nucleic  acid conversion  of  guanine  to  thymine in the exon 14  results  in  a substitution of  the highly conserved amino acid residue,  valine  to   phenyalanine  in  codon  617 (V617F)   of   the    autoregulatory   pseudokinase domain  JH2. It is a gain of function mutation in that it releases the autoinhibitory action of JH2 and recruits STAT in the complete absence or in the presence of only trace quantities of hematopoietic growth factors (Kondo et al., 1997). Based  upon  information from previous published protein structure models (Lindauer et al., 2001) it is proposed that the phenylalanine residue, which  has  a  more  bulky   structure compared  to  valine 	compromises  the interaction of the  activation loop of the kinase domain JH1 with the autoregulatory JH2 domain, resulting in a maintenance of  the protein tyrosine kinase in its active  state  (Kaushansky, 2005).  Molecular dynamic simulations of wild type and mutant JA	K2 proteins suggested that the loop defined by residues 539-544 is important in supporting the local conformation near V617 (Lee et al., 2009). Disruption within this loop structure affects the interaction between JH2 and JH1 domains, releasing the later from a closed, inactive conformation (Scott, 2011).
      There are three types of JAK2V617F mutation, homozygous, the two alleles are mutant (T/T), heterozygous, one allele is wild and the other is mutant (G/T) and hemizygous where one allele is mutant and the other is absent (T/-) (Kralovics et al., 2005).             
      Cells homozygous for the JAK2V617F mutant have a proliferative  advantage  compared  to  wild  type cells and only co-expression of the EPO receptor and the JAK2V617F mutant but not the wild type results in a  downstream activation of the target molecule STAT5 (James et al., 2005). Cell numbers homozygous for the JAK2V617F mutation increases with time (Vigneri and Wang, 2001), suggesting a proliferative and survival  advantage of   mutant   progenitor   cells.   Homozygosity  in hematopoietic  precursors  is  often  found  in  PV, whereas it is a rare event in ET (Scott et al., 2006).
    It appears that JAK2 V617F  mutation is not restricted to the myeloid lineage. Several researcher groups  have demonstrated the presence of this mutation in lymphoid cells (Delhommeau et al., 2006; Ishii et al., 2006; Larsen et al., 2007). This can be explained   as follows: the cell that has acquired  JAK2V617F mutation is capable of differentiating in all hematopoietic lineages. However, this mutation renders a downstream selective advantage unique to  myeloid lineage, likely due to the use JAK2 by cytokine receptors of these lineages (Hasan, 2013).
      With this signaling disturbance, there is no doubt that this mutation can initiate event for various disease including malignancies, however, evidences suggested  cooperating genetic events, which might  precede    JAK2V617F  mutation. The chromosomal aberration del20q in granulocytes was   in   a few patients found  to outnumber   granulocytes   harboring   the   JAK2V617F	mutation (Kralovics et al., 2006).	 In line with this observation, patients with JAK2V617F mutated ET and PV have clonal granulocytes   not harboring  the  JAK2V617F  mutation. Furthermore, patients with preceding JAK2V617F mutated MPD transformed  to  AML,  have  leukemic  blasts,  in which  the  JAK2V617F  mutation  cannot  be detected (Campbell et al., 2006). There is some evidence of predisposing genetic factors since it was found that JAK2V617F  mutation  is acquired in familial CMPD (Bellanne-Chantelot et al., 2006).
    Apart from the cytoplasmic events of signaling disturbance resulted from JAK2V617F mutation, reports have shown a non-cononical nuclear functions at JAK2 which seems to add its oncogenic capabilities. Dawson et al (2009) demonstarted that wild type as well as mutated JAK2V67F protein has their pools in the nuclease at hematopoietic cells. In nuclease, JAK2 phosphoryaltes Tyr41 (Y41) on histone H3.
       Liu et al. (2011) have shown that JAK2V617F binds more strongly than wild type JAK2 to PRMT5, a methyltransferase that dimethylates  arginine residue within histones H2A, H3, and H4 . These findings suggest that JAK2V617F hijacks nuclear regulators to write its own epigenetic signature in order to induce and/or cooperate with leukemogenesis.
2.11 Prevalence of JAK2V617F mutation in Healthy Individuals
  Several studies have investigated the prevalence of JAK2V617F mutation in seemingly healthy individuals. A study performed by Xu et al. (2006) revealed the presence of this mutation in 37 of 3935 samples. Analysing clinical data revealed that all JAK2V617F-positive individuals but one had blood count abnormalities that may indicate an underlying chronic myeloproliferative disorder. Sidon et al. (2006) confirmed that the mutation is found in healthy individuals, however they examined only 52 individuals where 5 of them had this mutation. Passamonti et al. (2007) examined  a total of 89 individuals with reactive conditions. A mong them, 44 had  high erythropoietin  level, 34 with iron  deficiency or  inflammatory  diseases had thrombocytosis (platelet count > 400×109/l), and 11 were with leucocyte  count > 12×109/l. The mutation  was not detected in any of them.
       Recently, Irvin-Barnwell et al. (2013) conducted a large study which involved 7839 seemingly healthy individuals in the United State. They used qPCR to detect JAK2V617F mutation, which was found in 65 participants (0.62%). Age was the only demographic factor that was significantly associated with the incidence of this mutation.
     Sidon et al. (2006) hypothesised that discovering the mutation in healthy subjects raised the possibility that the mutation is harboured before the occurrence of the chronic myeloproliferative disorder. Another  hypothesis  is that the first progenitor to harbour JAK2 (V617F) might  be  more  differentiated  in  healthy  subjects  than  in patients  with a chronic  myeloproliferative disorder.  At this stage, the self-renewal potential and the capacity to differentiate  of  the  mutated   cell  are  decreased  and  the  clone  it generates  might  be  prone  to  die.  The mutated  clone does not generate a clinical phenotype and it may disappear at serial evaluation. Conversely, in polycythaemia vera and in myelofibrosis, the JAK2V617F mutation  is harboured in a lympho-myeloid progenitor cell (Delhommeau et al., 2006).
2.12 Detection of the JAK2 gene mutation
      The JAK2 V617F mutation can be detected by a variety of methods. Allele specific PCR is the most sensitive method; however it has the limitation of detecting only known specific mutation (Jones et al., 2008). Sequencing is also used and has the advantage that it can detect any mutations in a specific sequence (Scott et al., 2007), thus it has a wider application than conventional PCR, but the disadvantage is that it is less sensitive. Melting curve analysis has been used to identify the presence of mutations. The advantages thereof is that it is rapid, sensitive, and more cost effective than sequencing. However, it has the limitation that it only detects the presence of a mutation, but does not identify it (Lay et al., 2006). Since the mutation is acquired and restricted to the myeloid lineage, the sensitivity for most methods is between 20-30%. Ficoll gradient centrifugation can be used to isolate mononuclear cells, with subsequent separation into granulocyte/macrophage lineages and lymphocytes (McLornan et al., 2006).
     High resolution melt-curve (HRM) analyses utilizes an interchelating DNA dye to evaluate the kinetics of standard denaturation as the temperature is raised. This technique shows a particular promise due to its improved sensitivity consistency, and ability to detect any nucleotide substitution, insertion, or deletion (Schnittger et al., 2009;  Ugo et al., 2010). A clamped PCR approach with high degree of analytical sensitivity, shows similar promise (Laughlin et al., 2010). Cases negative for the mutation are thought to be due to diagnostic inaccuracy or the consequence of treatment regimens that had substantially reduced the mutated allele burden. The frequency of theses false-negative increases when only whole blood DNA samples are used (Verstovsek et al., 2006).


12.13 JAK2 V617F mutation in CML 
     The emergence of the Bcr-Abl translocation on the background of JAK2V617F mutation MPNs appears to be unrelated to prior myelosuppressive treatment. JAK2V617F mutation seems to precede the acquisition of the Ph-chromosome (Kramer, 2008). It has been shown that the kinase activity of JAK2 is required for the stability of the Bcr-Abl protein and thus maintenance of the oncogenic signal in the CML cells (Xie et al., 2001). These findings have raised the possibility of using JAK2 inhibitors alone or in combination with imatinib as potential therapeutic for CML patients regardless of their JAK2 mutational status.
The acquired JAK2V617F mutation occurs in a spectrum of Ph-negative chronic MPNs. This observation generated a general notion that this mutation and the Bcr-Abl translocation were virtually exclusive (Jallades et al., 2008; Zahra et al., 2012). However, an increasing number of reports which include sporadic cases and prevalence studies recorded the concomitant occurrence of JAK2V617F mutation with Bcr-Abl translocation.
       Regarding sporadic cases, they can be divided into three categories:
The first category includes the initial presence of Ph+-CML which followed by the detection of JAK2V617F (Hussein et al., 2007; Bornhuser et al., 2007; Inami et al., 2007; Kramer et al., 2007; Kim et al., 2008; Hussein et al., 2008; Gattenlohner et al., 2009; Campiotti et al., 2009; Nadali et al., 2009; Veronese et al., 2010;  Pieri et al., 2011; Payande et al., 2011; Al-Kaabi et al., 2013; Pastore et al., 2013). The distinctive feature of this category is that in almost all the reported cases the emergence of JAK2V617F mutation occurred after the suppression of Bcr-Abl transcript beyond the level of detection by imatinib mesylate  therapy. In addition, there is a development of BM fibrosis or abnormal blood values despite the imatinib therapy (Hussein et al., 2008).
      The second category involves the pre-existence of JAK2V617F mutation and its associated disease (frequently PV), and then the emergence of Bcr-Abl translocation  (Bocchia et al., 2007; Mirza et al., 2007; Jallades et al., 2008; Bee et al., 2010; Ursuleac et al., 2013; Xu et al., 2014). The characteristic feature of this category is that JAK2V617F alleles diminish when Bcr-Abl burden increases, and reappeared once the patients commence on imatinib. 
       In the third category, there is simultaneous emergence of the both genetic abnormalities at the time of diagnosis, and there was no way to detect which one emerged first (Chambier et al., 2008; Yokus et al., 2010; Payande et al., 2011; Del Biondo et al., 2012). In this category, the clinical phenotype always in favor of CML unless  imatinib is used.
        Beyond the sporadic cases, many prevalence studies have detected the concurrent presence of JAK2V617F mutation and Bcr-Abl translocation sometimes in relatively high percentages among CML patients. In Italy, Pieri et al. (2011) analyzed the frequency of  double mutated phenotype in a large cohort of 319 patients diagnosed with typical CML. They found 8 cases of chronic phase CML patients who harbored the both genetic abnormalities. Pahore et al. (2011) investigated 45 Ph+ CML patients in Pakistan for the co-existance of  JAK2V617F mutation and Bcr-Abl translocation. Twelve patients of these (26.7%) were found to carry the double mutant forms with the majority of them were in chronic phase CML. 
       Tabassum et al. (2014) conducted cross-sectional study in Pakistan also recruiting 25 patients with Ph+ CML. They reported that 11 (44%) of the recruited patients bore JAK2V617F mutation and Bcr-Abl translocation. In India, Majula et al. (2013) examined 480 CML patients for the concomitant presence of both genetic abnormalities. Among those patients, 6 (1.25%) were found to have both Bcr-Abl and JAK2V617F mutation.
         In Mexico, Trejo et al. (2012) evaluated 142 patients suspected with MPNs for the presence of JAK2V617F mutation and/or Bcr-Abl fusion gene. They found 15 (12.7%) of these patients bearing both mutations. 
      It seems that the percentage of such cases will increase for unclear reason, and it is not unusual to find many patients bearing double mutant forms if an investigation is carried out in any geographical region.
2.14 Biochemical markers
     Beside certain tumor markers the can be  used as indicators for tumor progression or response to therapy, many biochemical markers have been used as additional tools for malignancy detection and/or monitoring cancer progression. Among the most common biochemical parameters used in this regard are alkaline phosphatase (ALP) and lactate dehydrogenase (LDH).
     Alkaline phosphatase (EC.3.1.3.1) is a group of enzymes which catalyze the hydrolysis of phosphate esters in an alkaline environment, generating an organic radical and inorganic phosphate (Saif et al., 2005).There are four types of this enzyme; neutrophil-type ALP (NAP) which is restricted to neutrophil and monocytes bone-type ALP (BAP) from bone, placental ALP (PLAP) which occurs normally during the third trimester of pregnancy, and intestinal ALP (IAP) from the intestine (Udristioiu et al., 2014). Accordingly, it is reasonable to account alterations in serum levels of ALP in a variety of hepatic and bone, as well as, intestine, kidney and leukocytes diseases. However, such alterations were recorded in many tumors beyond the aforementioned organs, e.g oesopharyngeal cancer (Amanian et al., 2011) breast cancer (Singh et al., 2013).
      Duletic et al. (2012) found elevated leukocyte ALP associated with the presence of JAK2V617F mutation. In the same contest, Basquiera et al. (2007) recorded very high leukocyte ALP in JAK2V617F-positive MPN patients compared to either JAK2V617F-negative  MPN patients or healthy control group. 
     Lactate dehydrogenase (EC.1.1.1.27) is an enzyme produced in many cell types that catalyzes the reversible transformation of pyruvate to lactate  under anaerobic conditions, coupled with oxidation of NADH to NAD+. LDH plays a critical role in regulation of glycolysis by catalyzing the final step of anaerobic glycolysis, therefore, it regulates energy sources in tumor cells and reduce their dependence on oxygen. There are five active LDH isoenzymes in human tissues, each of which is a tetrameric metabolic enzyme composed of two major subunits; A and B (recently M and H). The A subunit is predominant in skeletal muscles; while B subunit is predominant heart muscle (Miao et al., 2013). LDH isoenzymes composed primarily of A-subunits preferentially catalyze the reduction of pyruvate to lactate and conversely, that isoenzymes composed primarily of B-subunits predominantly catalyzes oxidation of lactate to pyruvate (Ross et al., 2010).
      Serum level of LDH is a key biomarker  in many types of cancer. It is found to be elevated in non-small cell lung cancer (NSCLC) and Edwing's sarcoma in the bone (Miao et al., 2013). Some studies indicated a poor prognosis associated with elevated serum level of LDH in myelodysplastic syndrome ( Germing et al., 2005).










Materials and methods
1.  Apparatuses 
Various apparatuses used in this study are listed in table (3-1).

Table (1): Apparatuses used in the study
	Apparatus
	Company/country

	Autoclave
	Tomy/Japan

	Bench centrifuge
	VEB/Germany

	Electrophoresis equipments
	Consort/Belgium

	Hood
	Labogene/Denmark

	Microcentrifuge
	Eppendorf/USA

	Microtome
	Lieca/Sweeden

	Micropipette 0.5-10, 20-200, 100-1000 µl
	Biobasic/Canada

	Nanodrop/UVS-99
	ACTGene/USA

	Oven
	Sanyo/Japan

	pH meter
	WTW/Germany

	Plane tubes
	Afco-Dispo/Japan

	Sensitive balance
	Sartorius/Germay

	Shaker
	Bioneer/Korea

	Spectrophotometer
	Shimadzu/Japan

	Thermocycler
	Bioneer/Korea

	Real Time PCR
	Bioneer/Kora

	U. V. transilluminator and camera
	Flowgen/U.K.

	Vortex
	Lab-Kits/Korea

	Water bath
	Labtech/Korea



2.  Chemicals and Biological Materials
    Chemicals and biological materials used in this study are listed in table (2).

Table (2): Various chemical and biological materials used in the study.
	Chemicals
	Company/country

	Absolute ethanol
	Pharmacia/Sweeden

	Agarose
	Biobasic/Canada

	ALP kit
	Syrbio/ Syria

	DNA ladder (1000bp)
	Kappa Biosystem/USA

	Deionized water
	Bioneer/Korea

	Ethidium bromide
	Biobasic/Canada

	LDH kit
	Randox Laboratory Ltd/UK

	Loading dye 
	Biobasic/Canada

	Lymphocyte separation medium
	Flow Laboratories/UK

	Mastermix
	Bioneer/Korea

	Phosphate buffer saline
	Analar/UK

	Primers
	Bioneer/Korea

	Tris-Borate EDTA
	BioBasic/Canada



3.  Study subjects
       A total of 43 patients (25 Male and 18 female; age range 16-80 years) with Ph-positive chronic myelocytic leukemia attending Iraqi National Center of Hematology for Research and Treatment/ Baghdad from September  2013 to January 2014  were eligible for this study. Ethical clearance to conduct the research was sought and obtained from this center. 
     Data were collected through direct interview with the patient, and by seeking his/her hospital record as well as previous medical reports   Patient’s claims were followed as an alternative source of information when his/her previous medical reports were not available.
   Informed consent from patients was taken which included age, sex,  height, weight previous and current occupation, smoking, drinking, residence, and first relative family history of leukemia.
4. Blood samples
     Five-milliliter of blood was taken from each patient: 2 ml of which was kept in EDTA tube (used in genetic study and kept -20o C) and the other 3 ml in plain tube. The later underwent centrifugation where the serum was obtained and preserved at -20oC until used. Patients' sera were screened for the serum level of ALP and LDH.
5.  Granulocyte Separation
       Lymphocyte separation medium (LSM) (Flow laboratories/UK) was used for separation of granulocytes. LSM is an aqueous solution of Ficoll and sodium metrizote. The concentration of the components is such that a density of 1.077±0.001 gm/ml is obtained, whilst maintaining a low viscosity and an osmolality of 265-295 mOsm/Kg.
5.1 Procedure
        According to the manufacturer's instructions, the following  steps were followed with some modifications:
1- The EDTA blood sample was diluted 1:1 with phosphate buffer saline (PBS). 
2- Four ml of LSM was dispensed into a 10 ml siliconized glass centrifuge tube.
3- Two ml of the diluted blood was carefully layered on the top of the separation medium.
4- The tube was centrifuged at 400 rpm for 30 min at 18 ͦ C. The content of the tube appeared in five layers as shown in figure 3-1.
5- Using a Pasteur pipette, the granulocyte layer was aspirated and transferred to a centrifuge containing  about 3 times volume of PBS.
6- The granulocyte was centrifuged at 100 rpm for 10 min. The supernatant was aspirated and discarded.
7- The cell pellet was resuspended in fresh PBS by gently drawing the cells in and out of a Pasteur pipette for 3 times. The suspension was kept at 4 ͦ C until be used for DNA extraction.
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Figure (3-1) : Layers of blood after separation

6. DNA Extraction from Granulocyte Suspension
     DNA was extracted from granulocyte solution using ready kit (gSYNCTM DNA Mini Kit Whole Blood Protocol/ Geneaid/ Korea) according to the manufacturer's instructions as follows:
A- A total of  200 µl of granulocyte solution was transferred to a 1.5 ml microcentrifuge tube
B- Twenty µl of proteinase K was added to the sample, mixed by pipetting, and  incubated at 60oC for 5 min, after which a GB Buffer  (200 µl) was added to the 1.5 ml microcentrifuge tube and mixed by shaking vigorously. 
C- The tubes were incubated at 60oC for 5 minutes. During incubation, they were inverted every 2 minutes (it is essential that the sample and GB Buffer are mixed thoroughly to yield a homogeneous solution). At this time, the required elution Buffer (100µl/sample) was pre-heated at 60oC (for step K DNA elution). 
D- Absolute ethanol (200 µl) was added to the sample lysate and immediately mixed by shaking vigorously for 10 sec. If precipitate appears, it was broken up as much as possible with a pipette. 
E-  The GD Column was placed in a 2 ml collection tube, and the lysate from step C (including any precipitate) was transferred to the GD Column, and centrifuged at 14000 g for 5 minutes, or until the mixture passes the GD Column completely).
F- The 2 ml collection tube containing the flow-through was discarded, and the GD column was placed in a new 2 ml collection tube, where W1 buffer was added (400 µl) to the column which was centrifuged at 14000 g for 30 sec.
G-  The flow-through was discarded, and the GD column was placed back in the 2 ml collection tube, where wash buffer was added (600 µl) to the GD column, which was again centrifuged at 14000 g for 30 sec.
H- The flow-through was discarded, and the GD column placed back in the 2 ml collection tube.
I- To dry the column matrix, the GD column was centrifuged at 14000 g for 3 min.
J- The dried column was transferred to a clean 1.5 mlmicrocentrifuge tube, and 100 µl of pre-heated elution buffer was added to the center of the column matrix, and let stand at least 3 min to ensure the elution buffer is absorbed by the matrix.
K-  The microcentrifuge tubes containing the GD column was centrifuged at 14000 g for 30 sec to elute the purified DNA.
Eluted DNA was stored at -20oC until be used for PCR.
7.  Measurement of Extracted DNA Concentration and  Purity   
       A nanodrop(UVS-99/ACTGene/USA) was used to estimate the concentration and purity of the extracted DNA (from blood of patients and control and tissues of patients) according to the following procedure:
7.1 Blanking
i- After lifting the sampling arm, 2 µl of elution buffer was pipetted onto the measurement pedestal.
ii- The sampling arm was laid down and the solution was observed bridging the gap between both optical fibers.
iii- When the "Blank" button was clicked, the apparatus measured the solution with both 1mm and 0.2 mm path lengths, and then the system recorded both results automatically.
iv- When the measurement completed, the sampling arm was opened and the blanking buffer was wiped from pedestal using laboratory wipe.
7.2  Sample Measurement
i- Two µl of the sample was pipetted onto the measurement pedestal while the sampling arm is opened.
ii- The sampling arm was laid down and the solution was observed bridging the gap between both optical fibers.
iii- The button "Measure" was clicked and the measurement result appeared on the screen within 3 sec.
        When any sample gives purity less than 1.8 and/or concentration less than 50 ng/µl, DNA extraction from the bloodof that sample re-performed until the desired purity and concentration were obtained .while 12 blood samples from leukemia patients and 3 from control were undergone re-extraction before they satisfied the aforementioned criteria.
8.  Real-time PCR (qPCR) 
      The method is based on measurement of accumulated PCR product through a Taqman probe. This Taqman probe is a small oligonucleotide labeled with two different fluorescent dyes. In the 5’ end a reporter dye (FAM (6-carboxyfluorescein)) is attached and in the 3’ end a quencher dye (CHQ (black hole quencher)) is attached. In the intact form the fluorescent emission from the reporter dye is absorbed by the quencher and no (or low) emission energy is recorded. During the extension phase of the PCR reaction the extension from the 5’ end towards the 3’ end results in a cleaving ofthe Taqman probe by the Taq polymerase 5’-3’ exonuclease activity. As a result, the reporter dye is removed from the quencher and the emission energy is no longer transferred efficiently to the quencher and accordingly an increase in the reporter dye emission is the net result. As the PCR reaction proceeds under optimal circumstances an exponentially increase in fluorescent emission will be detected by the system and data processed by computer software, which depicts the data as an amplification plot. A predetermined level in the exponential phase of the fluorescence accumulation is set to determine cycle threshold level (CT), which forms the basis for the quantification (Heid et al., 1996). All real-time quantitative PCR reactions described in the following were performed on ExicyclerTM 96 Real Time Quantitative Thermal Block/Bioneer/ South Korea.
    The primers used for real time PCR were: Forward primer: 5'-AAG CTT TCT CAC AAG CAT TTG GTT T-3'. Mutation-specific reverse primer: 5'-AGA AAG GCA TTA GAA AGC CTG TAGTT-3'. Taqman probe: 5'-6-FAM-TCCACAGAAACATAC-MGB-BHQ-3'.  The qPCR was achieved in 50 µl reaction where the concentration of each primer was 300nM, and the concentration of the probe was 200 nM. 
8.1 Preparation of  Real-Time PCR Rection Wells
   The 96-well plate is of two plates one (48 wells)  one of them (48 wells) is allocated for wild type allele, and the other (48 wells) is for mutant  allele. Each plate of these has 6 strips (each with 8 wells). All components including enzymes, primers, probe, dNTPs, and MgCl2 are premixed and lyophilized in each well.
   The 8 wells of the first strip is dedicated for NTC ( no template control), WT (wild type), MT (mutant type), and five standards (S1, S2, S3, S4 and S5).  For NTC, only 50 µl of D. W. was added. For WT and MT, 5 µl of positive control wild type and mutant type allele respectively were added.  Five µl of standard 1, 2, 3, 4 and 5 was added for the wells of S1, S2, S3, S4 and S5 respectively.These standards give standard curves both in wild and mutant alleles (Figure 3-2 ).
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Figure (3-2): The standard DNA supplied with the kit contains both wild type and mutant type forms in 5 concentrations (1×102- 1×106 copy/rxn) to generate standard curve. A: JAK2 1849G (wild type) standard DNA. B: JAK2 1849T (mutant type) standard DNA.
    Twenty-five of the rest 40 wells were allocated for CML patients where 5 µl of extracted DNA from these patients was added to each well. Finally, 5 µl of extracted DNA from control was added for each of the rest 15 wells. 
     Forty-five ml of D. W was added for each well and the plate was sealed up tightly with optic sealing tape for fluorescence detection.
8.2.  Calibration of the ExicyclerTM 96
   Calibration kit (A-2060-A1) was used for the apparatus calibration. The kit is comprised of 11 plates, a mask calibration plate, a background calibration plate, multichannel calibration plate (9 different optical calibration plate of filter set).
The process progressed according to the following steps:
1- The pack containing the calibration plate was allowed to warm to room temperature for 10 min.
2- The calibration plate was taken out from its packaging. The surface of the plate was wiped out with 70% ethanol to prevent the contamination.
3- The calibration plate was placed in a rack and centrifuged for 3 minutes, and then placed directly into ExicyclerTM 96.
4- ExiCfg program was used for the calibration of  ExicyclerTM 96 with four steps: warming up the lamp, mask calibration, background calibration and multichannel calibration.
5- The calibration kit was put back into its packaging and returned to the freezer when the calibration was done.
8.3.  Running Real-Time PCR Using ExicyclerTM 96
The following brief steps were followed in running the real-time PCR:
1- From the main menu of the program, setup> probe and then FAM reporter and EHQ quencher were chosen.
2- From the file tab, Design Experiment was selected, from which diagnostic kit> JAK2 were chosen.
3- The following protocol was entered in the protocol field of the program display:
a- Incubate at 95 ͦ C for 10 min.
b- Incubate at 95 ͦ C for 20 sec.
c- Incubate at 55 ͦ C for 30 sec. 
d- Scan
e- Go to line 2 for 45 cycles.
f- Incubate at 25 ͦ C for 1 hr.
4- The protocol was then saved under JAK2 name.
5- Once the protocol was saved, the plate tab was clicked to create a plate file. This file was assigned into 40 wells for wild and 40 wells for mutant allele.
6- The appropriate probe was selected and loaded, which appeared under the plate field
7- The wells allocated for NTC, WT, MT, S1, S2, S3, S4 and S5 were determined, and the corresponding information for each well was entered.
8- The 96-well plate was loaded into the apparatus with the A1 positive at the top left of the block.
9- From the top menu, Run was selected, and the main window appeared which indicates the progress without any problem.
      In order to determine the sensitivity of the mutation-specific primer set, a standard curve was created by 5-fold dilution series of homozygous JAK2V617F mutated DNA initially taken from patients with more than 90% mutated alleles (figure 3-3).
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                         Figure 3-3: Standard curve of qPCR
     The automatic analysis software calculates the amount of mutations detected based on the standard curve and display the ratio of mutant type (1849T) versus wild type (1849G) (Figure 3-4 ).
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Figure (3-4) : Quantitative analysis of JAK2 V617F
9. Allele Specific PCR (Baxter-Method)
9.1 Principles
    Baxter et al. (2005) designed a three allele specific PCR with a reverse primer, a forward G-T mutation specific primer and a forward internal control primer as follows:
Forward1: 5'-AGC ATT TGG TTT TAA ATT ATG GAG TAT ATT-3'
Forward2: 5'-ATC TAT AGTCAT GCT GAA AGT AGG AGA AAG-3'
Reverse: 5'-CTG AAT AGT CCT ACA GTG TTT TCA GTT TCA-3'                 The mutation specific primer  has an intentional mismatch at the third nucleotide from the 3' end, which improve specificity and amplifies a 204-bp product as compared to the internal control primer which generates a 364-bp product. A ready 50 µl PCR mastermix (Bioneer/Korea) was used for amplification for both genes. Components of each master mix are illustrated in table 3-3.






The PCR protocol was as follows:
	Step
	Temperature and duration

	Initial denaturation
	94oC for 4 min

	Denaturation
	94oC for 30sec
	30 cycles


	Annealing
	58oC for 30 sec
	

	Elongation
	72oC for 40 sec
	

	Final elongation
	72oC for 10 min



Table (3-3): components of each Mastermix
	
Component

	Quantity/concentration

	Taq polymerase
	2.5 U

	dNTP (dATP, dCTP, dGTp, dTTP)
	250 µM

	Tis-HCl (pH 9.0)
	10 mM

	KCl
	30 mM

	MgCl2
	1.5 mM

	Stabilizer and tracking dye
	No specific concentration



   Template DNA (10 µl) from each sample and primers (5 µl from each) were added to each mastermix tube. The mixture then put in shaker and spinner for 10  cycles for better mixing. After mixing, the mastermix tubes were transferred to the thermocycler (MyGenie 32 thermal block/Bioneer/Korea) which is previously programmed with the above protocol according to the gene to be amplified.

9.2.    AgroseGel Electrophoresis
    Gel was prepared by dissolving 1 gm of agarose (Biobasic/ Canada) in 100 ml of 1x Tris Borate EDTA (TBE) (Biobasic/Canada), then put in an oven for 5 min. After about 10 min, the gel was poured in the tray of the electrophoresis apparatus. When the gel solidified it was transferred into the tank and enough amount of TBE was poured to just cover the gel. The comb was removed and a 10µl aliquot of PCR product was loaded into the wells. Power supply was adjusted into 100 volts and run for 1 hour. The gel then was stained with ethidium bromide (Biobasic/Canada)(0.5 g/ml)  for 20 min and examined using U. V. transilluminator with camera (Vendraminiet al., 2011). The amplified products were determined by comparison with a commercial 1000 bp ladder (Kappa Biosystem/USA).  In case that any PCR product has negative result in agarose gel electrophoresis, there will be re-examine of extracted DNA using nanodrop, and DNA re-extraction if the purity is less than 1.8 and/or concentration was less than 50 ng, otherwise the amplification was re-performed and the cause of negativity was attributed to the processing. 
10.  Biochemical Tests
10.1.  Alkaline Phosphatase  (ALP)
    A commercial kit (SyrBio/Syria) was used to estimate LDH activity in the serum samples.
10.1.1 Principles
  Alkaline phosphatase (ALP) catalyzes the hydrolysis of phosphate esters in an alkaline environment, resulting in the formation of an organic radical and inorganic phosphate.
PhenylphosphatePhenol + Phosphate
   The liberated phenol is measured in the presence of amino-4-antipyrine and potassium ferricyanide. The presence of sodium arsenate in the reagent stops the enzymatic reaction.
10.1.2 Reagents

	Reagent 1 (R1 buffer) pH 10
	Disodium phenylphosphate
Carbonate bicarbonate buffer    
	5.0 mmol/L
50  mmol/L

	Reagent 2 (R2 standard)
	Phenol
	140 U/L

	Reagent 3 (R3 blocking reagent)
	 Amino-4-Antipyrine
Sodium arsenate  
Buffer pH 10                                              
	60  mmol/L
240mmol/L

	Reagent 4 (R4 color reagent)
	  Potassium ferricyanide
	150 mmol/L


	

10.1.3 Procedure
1- Four eppendorf (2 ml) tubes were prepared and labeled to represent reagent blank, standard, serum blank and serum sample. Each tube was filled with 2 ml R1 and incubated at 37 ͦ C for 5 min.
2- Fifty µl from each of R2 and serum were dispensed into standard tube and serum sample tube respectively followed by incubation for exactly 15 min at 37 ͦ C.
3- R3 (0.5ml) was added to each of the four tubes and mixed well by vortex.
4- The same amount of R4 was added for each tube, then 50 µl of serum was added to serum blank tube, while 50 µl of D. W was added to reagent blank tube. The tubes were let to stand for 10 min in the dark.
   The color intensity was measuredagainst reagent blank in a spectrophotometer UV-160 (Shimadzu/Germany) at 510 nm wave length according to the following formula:
Absorbance= × N
Where N= 142 IU
10.2 Lactate  dehydrogenase enzyme (LDH)
   A commercial kit (Randox Laboratory Limited/ UK) was used to estimate LDH activity in the serum samples.

10.2.1 Principle 
     The method is based on the reduction of pyruvate to lactate in the presence of lactate dehydrogenase according to the following reaction:
Pyruvate + NADHLactae + NAD+
   The pyruvate that remains unchanged reacts with 2,4-dinitrophenylhydrazine to give the corresponding phenydhydrazone, which is determined colorimetrically in an alkaline medium. 
10.2.2 Reagent Composition
	Buffer
	Phosphate buffer
Sodium pyruvate
	100 mmol/L
0.8  mmol/L

	NADH                                                                                          
	                                                  1 mg/ml

	Color reagent
	2,4-dinitrophenylhydrazine     
Hydrochloric acid                      
	1mmol/L
1  mmol/L



3.10.2.3 Procedure
   The components were pipetted into a 1 ml cuvette according to the manufacture's manual as the following:
1- Zero and nineteenth (0.9 ml) of NADH which was previously placed in a water bath at 37 ͦ C for 3 min.
2- Tithe (0.1 ml) of serum sample was added, mixed and incubated in a water bath at 37 ͦ C for exactly 30 min.
3- One ml of colour reagent was added, mixed and allowed to stand at room temperature for 20 min.
4- Ten ml of sodium hydroxide (1.6%) was added, mixed and allowed to stand for 10 min. 
The absorbamce of the sample against D. W was read in a spectrophotometer UV-160 (Shimadzu/Germany) at 520 nm, and the enzyme activity was determined by reference to previously prepared calibration curve.

11.  Statistical Analysis
   The Statistical Package for the Social sciences (SPSS, version 14) was used for statistical analysis. Risk association between the JAK2V617F mutation and each of risk factor was estimated by the calculation of adjusted odd ratio and 95% confidence intervals using logistic regression. Independent t-test was used to compare means of WBC count, serum levels of ALP and LDH. A p-value  0.05was considered statistically significant.





Results and Discussion

[bookmark: _GoBack]4.1Real Time PCR (qPCR)
    Real Time PCR was used to investigate the occurrence of  JAK2V617F mutation  among Ph+-CML patients. Taqman probe with FAM and BHQ as fluorophore and  quencher respectively was employed for the detection of PCR product. Figure  4-1 shows the progression curve qPCR reaction.
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Figure 4-1: Real time PCR progression  curve.

      As JAK2V617F mutation has two allele: mutant (T) and wild(G), there were two separated  qPCR results each for either alleles. For the mutant allele (Table 4-1), the result revealed that 5 from 43 Ph+-CML patients   (11.62%)  gave positive results for this allele. On the other hand, all patients gave positive result for the wild type allele (Table 4-2).  That means all the 5 patients with positive result for mutant  JAK2V617F are heterozygous for this mutation (the genotype is GT).



Table 4-1:Part of  qPCR result of the mutant allele showing the five positive samples (A8,F8, G8,C9 and D9).
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Table 4-2:Part of  qPCR result of the wild type allele. All samples gave positive results.[image: ]
    Not only qPCR determines the genotype of the mutant allele, but also the quantity of the mutant as well as the wild type allele. Table 4-3 shows the quantities of mutant allele in the five positive samples for this allele. Although the quantities were very small ( ranged from 0.01 to 0.12) , they were detected by q PCR and were recorded as positive results.
Table 4-3: qPCR final results showing the quantities of the five positive samples for mutant JAK2V617F allele.      [image: ]


     Because JAK2V617F mutation is acquired, and is highly restricted to myeloid lineage of HSC, the investigation for this mutation was achieved on separated granulaocytes in order to increase the probability to discover the presence of this mutation even in small ratio. 
    The current study revealed that 11.62% of Ph+-CML patients were positive for JAK2V617F mutation. This result is in accordance with plethora of previous studies either as prevalence (Pieri et al., 2011; Pahore et al., 2011; Trejo et al., 2012; Tabassum et al., 2014), although with different percentages, or as sporadic cases (Bee et al., 2010; Ursuleac et al., 2013; Al-Kaabi et al., 2013; Pastore et al., 2013; Xu et al., 2014). There was no possibility to determine which mutation has occurred first (JAK2V617F or Bcr-Abl). However, it can be deduced that the later mutation had occurred first because the small ratio of mutant allele of JAK2V617F which indicates the recent occurrence and the possibility to increase over time. In fact astute insight for table 4-3 could illustrate the presence of several samples beyond the recorded 5 samples which have very small ratio of mutant allele. These ratios were too small to be recorded as positive result. With the progress of time, these ratios may grow larger. Many authors referred to the occurrence of JAK2V617F after after Bcr-Abl mutation to selective treatment of  Ph+CML patients with tyrosine kinase inhibitors (Reddy et al., 2012). Supporting this notion is a report which showed that, while Bcr-Abl transcripts decrease during imatinib treatment, the JAK2V617F mutant allele increases (Zhang et al., 2012). This assumption completely fits the idea of successive acquisition of both genomic abnormalities by one subclone of progenitor cells (Wu et al., 2011). However, it is unfair to neglect the opposite hypothesis about the emergence of a Bcr-Abl transcript against the background of JAK2V617F mutation. Similarly, the cytotoxic therapy used for the treatment of MPNs was also accused as a cause for such emergence (Jallades et al., 2011).
      Based on the previous and current results, the mutual exclusion hypothesis (which stated that either JAK2V617F or Bcr-Abl mutation is present in an individual at a given time) is no longer valid. In fact, there is no convincing reason for assuming this hypothesis because the two genes (Bcr-Abl and JAK2V617F) are located on different chromosomes. Though JAK2 and Abl genes are situated on chromosome 9, they occupy the opposite ends of the gene where JAK2 gene is located on the distal end of the short arm, while abl is located on the distal end of the long arm. 
      Before discussing the effect of the presence of double mutation, the relationship between the two genes and their encoded protein should be illustrated. The abl gene of bcr-abl transcript has a tyrosine kinase activity which is constitutively activated by the juxtaposition of Bcr. Thus, theoretically it does not need for janus kinase for signal transduction (Cilloni and Saglio, 2011). However, as a result of tyrosine kinase activity of bcr-abl, it phosphorylates a number of cellular targets including JAK2. The C-terminus of bcr-abl binds firmly to JAK2 and tyrosin 1007 in JAK is phosphorylated (Xie et al., 2001). Furthermore, interaction of JAK2 with Bcr-Abl can induce c-Myc expression through the Bcr-Abl/Jak2/Gab2/PI-3K/GSK3B network and thereby maintains Bcr-Abl stability (Manjula et al., 2013). 
     Therefore, it is reasonable to say that the concomitant occurrence of the two mutation affect the patient's phenotype in a manner depends on which mutation occurs first. In case that Bcr-Abl transformation is the original abnormality, the subsequent occurrence of JAK2V617F mutation tends to add signs of PV or to least extend ET and IMF to the original phenotype of CML. However, these chronological events can be affected by two factors; the first one is the imatinib treatment which can control the CML progression with its clinical and laboratory findings. As this drug almost always has no effect on JAK2V617F mutation, there will preponderance of the phenotype related to the new mutation. The other factor is the ratio of burden wild allele of JAK2V617F. Low ratio cannot induce tangible clinical or hematological changes while high ratio could induce such changes.
    The reverse scenario could not be postulated for the occurrence of JAK2V617F before Bcr-Abl transcript. Although many diseases are associated with JAK2V617F, the common therapy is JAK2 inhibitor (ruxolitinib ) which has been used effectively in the treatment of  different MPNs (Passamont, 2012). This drug interferes with the ATP-binding pocket and thus block JAK2 kinase activity and the resultant activation of the STAT pathways (Grundschober et al., 2014).  Thus, there is no effect on the mutant allele and therefore there will be no favor for the increase in Bcr-Abl, and the two genetic aberrations exert their clinical and hematological effects somewhat in a separated manner.    
4.2 Allele Specific PCR
    Figure 4-2 illustrates the result of allele specific PCR for selected samples from both groups. No sample neither from JAK2V617F-positive nor negative group (based on qPCR result) gave positive result for mutant allele.
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Figure 4-2: Gel electrophoresis of ASPCR. M: DNA marker; lane 1-5 JAK2V617F-positive samples; lane 6-7: JAK2V617F-negative, lane 8: negative control
    Several molecular assays have been used for detection of JAK2V617F . These include AS-PCR, ARMS, direct sequencing and pyrosequencing, single nucleotide polymorphism assay, qPCR, denaturating high performance liquid chromatography,and restriction fragment length polymorphism (RFLP) (Olsen et al., 2006; Marugesan et al., 2006; Vannucchi et al., 2006). Each of these assays has its own sensitivity which is the minimum percent of alleles that carry the mutation that can be detected by the assay (Weinberg et al., 2012). Frantz et al. (2007) compared the sensitivity of RFLP, AS-PCR and direct sequencing in detection of JAK2V617F in PV patients. AS-PCR was found to be the most sensitive one with 0.01% sensitivity, while direct sequencing represented the least sensitive method with less than 20% sensitivity. Passamonti et al. (2007) recorded the same sensitivity for direct sequencing with a sensitivity of 1-2% for AS-PCR. It seems that not only the assay itself that determines the sensitivity, but also the detection methods used in combination with the assay. For AS-PCR, Frantz et al. (2007) used capillary electrophoresis for the detection, while in the current study gel electrophoresis was used. That may explain the inability of this method to detect even 0.12% of burden allele.
4.3 Risk factors
     The initial consent involved drinking, family history and occupation in addition to the age, gender, weight, height, smoking status and residence. For drinking, none of the participant mentioned that he or she used to drink formerly or at present. All the patients, except one whose grandmother has breast cancer, have no family history of cancer. There were great diversities in occupations which give no sense in statistical analysis. Therefore, these risk factors have been dropped from the analysis which are confined to age, gender, BMI, smoking and residence (Table 4-4). 
4.3.1 Age
     JAK2V617F-positive group had higher mean age (49.2±16.24 years) than JAK2V617F-negative group (38.71±14.87 years); however, the difference was insignificant (p= 0.162, OR= 1.052, 95%CI= 0.980- 1.128).

Table 4-4: Association of some risk factors with the occurrence of JAK2V617F mutation.
	Risk factors
	JAK2V617F
N=5
	CML
N=38
	P-value
	OR(95%CI)

	Mean age in years (SD)
	38.71
(14.87)
	49.2
(16.24)
	0.162
	
1.052 (0.980- 1.128)

	Gender
Male
Female
	
5 (100%)
0 (0%)
	
19 (50%)
19 (50%)
	0.034
	
1.0
0.5(0.364-0.687)

	Mean BMI (SD)
	26.82
(3.81)
	25.92
(5.44)
	0.716
	
1.032(0.872-1.22)

	Smoking
Never
Smoker
	
4(80%)
1 (20%)
	
35 (92.1%)
3(7.89%)
	
0.318
	
1.0
2.917 (0.24-35.122)

	Residency
Rural
Urban
	
1 (20%)
4 (80%)
	
10 (26.32%)
28 (73.68%)
	0.761
	
1.0
1.429 (0.142- 9.978)



     This result disagreed with a previous work conducted by Godfrey et al. (2012a) and El-Hady et al. (2013) who found an association between JAK2V617F (especially homozygosity) and age. The insignificant result in the current study may be largely related to the small number of JAK2V617F-positive cases. Anyway, the most plausible explanation for increasing of mutant allele burden of this mutation in older ages is that an age-dependent changes in DNA damage and/or DNA repair mechanisms contribute to an increased rate of mitotic recombination and acquisition of the mutation (Rossi et al., 2007; Preston et al., 2006).
4.3.2 Gender
     All patient positive for JAK2V617F mutation were male, whereas, exactly half of the male patients were JAK2V617F-negative compared to 100% of females significant difference (p= 0.034, OR= 0.5, 95%CI= 0.364-0.687). 
     The resultant OR indicates that male has a two-fold opportunity (1/0.5) to get JAK2V617F than female. This result agreed with that of Godfrey et al. (2012b) who reported an association between male gender and increasing granulocyte JAK2V617F allele burden. The authors suggested a gender-related differences in the frequency of mitotic recombination as a possible cause for this association. In the current study, all JAK2V617F cases were heterozygous; therefore, such suggestion does not fit to explain the association. An alternative explanation may be related to nature of work which predispose for radiation and subsequent induction of different mutations including JAK2V617F. 
4.3.3 Body Mass Index
    Height and weight were used to calculate BMI according to the fomula: BMI= weight (Kg)/(height (m))2.  Mean BMIs were very closed in the two groups (26.82 ±3.81 and 25.92±5.44 in JAK2V617F-positive and negative respectively) and no significant difference was recorded (p= 0.716, OR=1.032,  95%CI=0.782 -1.22).
    Obesity is a well-known risk factor for many malignancies such as breast cancer (Li et al., 2014). That is because excess endogenous estrogen from endogenous estrone in adipose tissue contributes in induction of  estrogen receptor (ER) which increases the risk of cancer in obese women (Yoo et al., 2001). Actually bone marrows (where the JAK2V617F mutation usually originates) do have ER, however the majority of participant of the present study were within normal healthy weight and the logistic regression revealed no significant association. 
4.3.4 Smoking
      Because the relative low numbers of smokers among participants, smoking status categorized into only two categories: smokers which involved ex- and/or current smokers and those who never smoked. Statistical test revealed no significant differences in the percentages of smokers between JAK2V617F positive group (20%) and JAK2V617F-negative group (7.89%) (p=  0.318, OR= 2.917, 95%CI= 0.24-35.122).
    Smoking is a leading preventable cause of many cancers such as lung cancers (Maria et al., 2012). Nevertheless, the association of smoking with blood malignancies is less obvious. In their cohort study, Weinberg et al. (2011) found JAK2V617F mutation in 35.5% in smokers and 14.8% in non-smokers, a result which was confirmed later by El-Hady et al. (2013) who found the mutation in 20.6% of healthy smokers and 9.5% of healthy nonsmokers. These results are extraordinary because of very high prevalence of JAK2V617F mutation either among smokers or nonsmokers and are needed to be confirmed by other studies. However, if the smoking has an effect, it may be attributed to notorious effect of some cigarette components on the DNA.  
4.3.5 Residence
    Although JAK2V617F-negative group had lower percentage in urban residence (73.68%) compared to JAK2V617F-positive group (80%), the difference was insignificant (p= 0.671, OR= 1.429, 95%CI= 0.142-9.978).
    Urban residences expose more frequently than rural residences to different types of carcinogens like benzene which was found to increase the incidence of some JAK2V617F-associated MPNs (Terreros et al., 1997). However, in an Australian case-control study, Giles et al., (1984) found that rural sector workers such as farmers were at high risk of having MF or PV compared to control may be due to exposure to fertilizers. It seems that there is no prominent effect of rural or urban residency on the acquisition of JAK2V617F because each one has its risk factors, but rural residents, generally, have lower socioeconomic status and educational level, combined with limited knowledge about mutation and cancer. Furthermore, rural residents have less accessibility to the health centers and may hesitate to consult these centers even if they had a complain unless a certain degree of injury occurs.
4.4 Total Leukocyte Count
    Total leukocyte count was primarily performed to further test the correlation between WBC count and serum levels of both LDH and ALP. In both groups, WBC count was within normal range; however JAK2V617F-positive group had higher WBC count (9042±1512.55)  than that of JAK2V617F-negative group (6039±1772.239) with significant difference (p=0.001) (Figure 4-3).

   Figure 4-3: Total leukocyte count in JAK2V617F-positive and negative          groups
    This result widely agreed with Pahore et al. (2011) who reported an increased in WBC count  and enlarged spleen size of  JAK2V617F-positive CML patients compared to JAK2V617F-negative. 
      Elevated leukocyte count was recorded in different JAK2V617F-associted disorders (Passamont, 2012; Bertozzi et al., 2012; Chou et al., 2013). This leukocytosis is justifiable because the mutation occurs in myeloid lineage of HSCs, and granulocytes are main fraction of this lineage. The degree of leukocytosis, and may be other findings related to the mutation, appears to correlate with the ratio of mutant allele as well as the genotype (homozygous or heterozygous). The higher the ratio of mutant allele, the more elevated level of kinase activity generated by the mutant protein, and the more advanced leukocytosis (Passamont, 2012). This conception is referred to what is called dosage hypothesis (Zhang et al., 2012). Two major arguments support this hypothesis; the first one is the significant correlation between JAK2V617F burden in granulocytes and the patient's phenotype, while the  second argument was evidenced by Tiedt et al. (2008) who showed that a weak JAK2V617F expression in hematopoietic cells (in transgenic mice) is associated with a phenotype resemble ET, whereas, a higher expression led to PV phenotype. More than 95% of patients with PV harbor a JAK2V617F mutation and only 55% of ET patients have this mutation (Tefferi, 2013).
      Nevertheless, not only the ratio of mutant protein is the sole factor which determines the phenotype, but also the availability of ample receptors where tyrosine kinase associates. These receptors are differently expressed in different progenitor cells. For example MPL receptors is highly expressed in megacaryocyte progenitors, suggesting that a small amount of mutant protein would be sufficient to induce MLP signaling and then megakaryocyte proliferation as seen in ET. On the other hand EpoR is expressed at low levels on erythroid progenitors, implying that a higher amount of mutant protein is required to induce signaling and the PV phenotype (Zhang et al., 2012).
        For leukocytosis, the committed receptor is granulocyte-colony stimulating factor receptor (G-CSFR). This receptor is a member of the hematoprotein/cytokine receptor family (Kaushanky, 2005). Ligand binding of this receptor  (G-CSF) leads to rapid changes in protein tyrosin phosphorylation and to further signal transduction. However, one of the most important characteristic features of this receptor is its lacking for an intrinsic tyrosine kinase domain. Therefore, to initiate signaling, the receptor has to recruit nRPK (Corey and Anderson, 1999). Among the different classes of nRPKs, members of the JAKs are most likely to be employed in the signaling process (Corey et al., 1998). 
     It is reasonable to assume that one of the prominent site for this receptor is the hematopoietic cells (such as myeloid progenitors and mature neutrophilic granulocytes)  as the name of the receptor implies. In fact, the expression of G-CSFR extends beyond these cells to involve even neuronal precursors, endothelial cells and placental tissues (Touw and Van De Geija, 2007). Of course, normal signaling through G-CSFR has crucial functions for the body including effective mobilization of hematopoietic progenitor cells and neutrophilic granulocytes from the bone marrow to the peripheral circulation (Christopher and Link, 2007) as well as stimulation of myelopiesis (Linogue et al., 2009). However, aberration in signaling pathway (as in case of JAK2V617F mutation) could corrupt the situation and overproduction of certain cells and even an oncogenic transformation could occur whether in hematopoietic cells or in other tissues such as in case of ovarian cancer (Kumar et al., 2014).
     Now if this the case, it is supposed to find very high numbers of leukocytes in the peripheral circulation, while the current results indicates WBC values within normal limits although they were higher than their corresponding values in JAK2V617F-negative patients. This can be explained by the fact that all patients were treated with imatinib (Glivec®) which is a potent competitive inhibitor of the Bcr-Abl protein tyrosine kinase. This drug causes significant decrease in leukocyte in CML recipients; however, it has no effect on JAK2V617F mutation (Inokuchi et al., 2012). 
 4.5 Serum Level of Alkaline Phosphotase
       JAK2V617F-positive group had an average level of ALP of 146.05±8.028 IU/L which is slightly above the maximum normal limit (140 IU/L), and differed significantly from JAK2V617F-negative group (64.45±40.15 IU/L) (Figure 4-4). The relatively high standard deviation value in this group reflects the wide diversity in ALP concentration among patients in this group. In fact, several samples revealed high values beyond the maximum normal limit, while other samples had values even below the minimum normal limit (20 IU/L).
      Neutrophil ALP is a minor tributary for serum ALP; however, the fraction of this tributary varies largely with the body's condition. NAP is released into circulation in cases of damaged or dead neutrophils. The activity of NAP is substantially decreased in HSCs disorders like CML (Van Hooof and De Bore, 1994). The reason beyond this reduction is believed to be a consequence of NAP messenger RNA deficiency in the malignant cells (Rambaldi et al., 1989).  Nevertheless, the present result indicates an average of serum ALP activity in JAK2V617F-negative CML patients within normal limits which may be due to the effect of imatinib which was used by all patients. This effect is formerly confirmed by Al-shami (2009) who examined the side effects of imatinib in Iraqis CML patients and found an elevation in APL in some patients.


Figure 4-4: Serum levels of ALP in  JAK2V617F-positive and negative          groups
       On the other hand, most JAK2V617F-positive had serum ALP activity higher than the normal limit. This result is in accordance with Basquiera et al. (2007) and  Duletic et al. (2012) who recorded an elevation of ALP activity associate with JAK2V617F mutation. Furthermore, A significant relationship between percentage of JAK2 mutant alleles and ALP expression was found; high ALP scores can predict JAK2 mutation (Basquiera et al., 2007). It is thought that induced production of neutrophils by G-CSF is the main cause of increased NAP and consequently serum ALP activity (Kato et al., 1996). As previously mentioned, in case of JAK2V617F, there will be overstimulation of G-CSFR even with the presence of normal levels of G-CSF, and subsequent overproduction of neutrophils which take part in the elevation of serum activity of ALP.  
4.6 Serum Level of Lactate Dehydrogenase
      Figure 4-5 shows serum levels of LDH in the two groups. Almost all serum samples from JAK2V617F-positive group exceeded the higher normal limit of this enzyme (190 IU/L) and the average concentration was 204±10.85 IU/L. For JAK2V617F-negative group, although several samples exceeded the normal limit, the average was below that limit (178.33±13.693 IU/L) and differed significantly from the first group (p=0.004).

Figure 4-5: Serum levels of LDH  in  JAK2V617F-positive and negative          groups
     LDH plays a key role in regulating glycolysis by catalyzing the final step of anaerobic glycolysis; therefore, its upregulation facilitates the efficiency of anaerobic glycolysis in tumor cells and reduce their dependency on oxygen (Miao et al., 2013). Cancer cells rely on anaerobic respiration for the conversion of glucose to lactate even under oxygen-sufficient conditions (a process known as the Warburg effect). This state of fermentative glycolysis is catalyzed by the A form of LDH. This mechanism allows tumor cells to convert the majority of their glucose stores into lactate regardless of oxygen availability, shifting use of glucose metabolites from simple energy production to the promotion of accelerated cell growth and replication (Vander-Heiden et al., 2010).
     Several published works have recorded mild elevation in serum level of this enzyme in CML patients (Tatakihara et al., 2010; Pujari et al., 2012; Pastore et al., 2013). The higher level of LDH in JAK2V617F-positive compared to the negative group can be explained by  a somewhat complex mechanism which involves the constitutional activation of STAT5 by a mutated JAK2 gene. One target gene of activated STAT5 is hypoxia inducing factor alpha 2 (HIFα2) gene. This gene encodes for HIFα2 which is considered as transcriptional factor (Staerk and Constantinescu, 2012). HIFα2 has been shown to control directly on the transcription of LDHA (Semenza, 2008). Induction of HIFα2 is ordinarily induced by the hypoxic condition of almost all cancer cell, but in JAK2V617F there will additional induction due to constitutively activated tyrosine kinase and subsequent activation of STAT5.
      Table 4-5 shows the result of Pearson correlation test among ALP, LDH and WBC. The only significant correlation in this test was between WBC count and serum level of ALP (r= 0.521, p= 0.46).
    Overproduction of neutrophils in JAK2V617F-positive accompanied with increased production of NAP on one hand, and the effect of imatinib in JAK2V617F-negative case result in a moderated significant correlation between WBC count and serum activity of ALP.
Table 4-5:  Pearson correlation among WBC, ALP, LDH
	
	
	ALP
	WBC
	LDH

	ALP
	Pearson Correlation
	1
	.521*
	.489

	
	Sig. (2-tailed)
	
	.046
	.064

	
	N
	43
	43
	43

	WBC
	Pearson Correlation
	.521*
	1
	.359

	
	Sig. (2-tailed)
	.046
	
	.189

	
	
N
	43
	43
	43

	LDH
	Pearson Correlation
	.489
	.359
	1

	
	Sig. (2-tailed)
	.064
	.189
	

	
	N
	43
	43
	43




















     Conclusions
     In the light of the results, it is concluded:
1- Real-time PCR is a highly sensitive method for the detection of JAK2V617F mutation. 
2- Allele-Specific PCR has lower sensitivity than qPCR and could not be a reliable assay for JAK2V617F mutation detection.
3- JAK2V617F mutation can occur simultaneously with Bcr-Abl transcript in CML patients.
4- Increased serum level of APL alone or with LDH as well as WBC count can be used as indicators for the presence of JAK2V617F mutation in CML patients especially when there is resistance to imatinib treatment.
5- The only risk factor which can increase the susceptibility to acquire JAK2V617F mutation is the gender where male CML patients are more susceptible than females.














   Recommendations
In light of the previous conclusions, the following are recommended:
1- Conduction of further studies on the prevalence of JAK2V617F mutation among CML patients as well as healthy control involving larger samples.
2- Whenever there is no response of CML patients in chronic phase for imatinib treatment, there should be a suspicion about the presence of JAK2V617F mutation.
3- ALP, LDH and WBC count should be routinely investigated in CML patients as they are indicators for the presence of JAK2V617F mutation.
4- CML patients with co-existance of JAK2V617F mutation and Bcr-Abl transcript should have a special regime of treatment taking into account the pathogenesis of JAK2V617F mutation.
5- Studying the efficiency of other  assays such as RFLP and ARMS in the detection of JAK2V617F mutation compared to qPCR.










References
Abelson, H. T. and  Rabstein, L. S. (1970).  Lymphosarcoma virus-induced thymic-independent disease in mice. Cancer Res., 30:2213-2222.   
Alberts, B.; Bray, D.;  Hopkin, K.;  Johnson, A. D.;  Lewis, J.;  Raff, M. et al. (2014). Essential Cell Biology. 4th ed. Gerland Science. pp 551-561.                                                   
Al-Kaabi, M. H.; AL-Obaidy, Y.G.; Sabir, SH.F.; AL-Kadmy, I. M. et al.  (2013). Incidence of JAK2V617F mutation in Iraqi patients  with Philadelphia positive CML. Mintage J. Pharmaceutical Med. Sci.,  2: 10 -12.  
Al-Shami, A. A. (2009). Effect of imatinib therapy on liver enzymes and serum bilirubin in CML Iraqi patients. Iraqi J. Comm. Med. Apr., 22: 206-209.
Amanian,  A.;  Karimian, F.;  Mirsharifi, R.;  Alibakhshi,  A.;  Hasani, S. M.;   Dashti, H. et al.   (2011). Correlation of serum alkaline phosphatase with clinicopathological characteristics of patients with oesophageal cancer. EMHJ., 17: 826-836.
Anastasi, J. and Hoffman, R. (2013). Progress in the classification of myeloid neoplasms. In: Hoffman, R.; Benz, E.; Silberstein, L.; Helslop, H.; Weitz, J. and Anastasi, J. (eds.). Hematology: Basic Principles and Practice. 6th ed. Elsevier. Pp 722-727.
Arinobu, Y.; Iwasaki, H.; Gurish, M. F.; Mizuno , S.;  Shigematsu , H.;  Ozawa, H. et al. (2005).  Developmental checkpoints of the basophi/mast cell lineages in adult murine hematopoiesis. Proceed. Nat. Academy Sci. USA, 102: 18105-18110.
Augis, V.; Airiau, K.; Josselin, M.; Turcq, B.; Mahon, F. X. and Belloc, F. (2013) A Single Nucleotide Polymorphism in cBIM Is Associated with a Slower Achievement of Major Molecular Response in Chronic Myeloid Leukaemia Treated with Imatinib. PLoSONE 8:e78582. 
Au, A.; Baba, A. A.; Azlan, H.; Norsa'adah, B. and Ankathil, R. (2014). Clinical impact of ABCC1 and ABCC2 genotypes and haplotypes in mediating imatinib resistance among chronic myeloid leukemia patients. J. Clin. Pharmacy Therap., Doi:10.1111/jcpt. 12197.
 Baccarani,  M.; Cortes,  J.;  Pane,  F.;  Niederwieser ,  D.;  Saglio,  G.; Apperley,  J.  et al. (2009).   Chronic myeloid leukemia: an update of concepts and  management recommendations of European Leukemia Nat. J. Clin. Oncol., 27: 6041-6051.
Baccarani,  M.;  Pilen,  S.;  Steegmann,  J. L.;  Muller,  M.;  Soverini, S. and Dreyling, M. (2012). Chronic myeloid leukemia: ESMO clinical practice guidelines for diagnosis, treatment and follow-up. Ann. Oncol., 23:72-77.
Basquiera, A. L.; Fassetta, F.; Soria, N.; Barral, J. M.; Ricchi, B. and Garcia. J. J. (2007). Accuracy of leukocyte alkaline phosphatase score to predict JAK2 V617F mutation. Haematologica, 92: 704-705.
Baxter, E. J.; Scott,  L. M.; Campbell,  P. J.; East, C.; Fourouclas, N.; Swanton, S. et al. (2005). Acquired mutation of the tyrosine kinase JAK2 in human myeloproliferative disorders. Lancet 65:1054-1061.
Bee,  P. C.; Gan, G. G.; Nadarajan, V. S.;  Latiff,  N. A. and  Menaka, N.         (2010). A man with concurrent polycythemia vera and chronic myeloid leukemia: the dynamics of the two disorders. Int. J. Hematol., 91: 136-139.
Bellanne-Chantelot, C.; Chaumarel, I.; Labopin, M.; Bellanger,  F.;  Barbu,        V.; DeToma  C.  et al. (2006). Genetic and clinical implications of the        Val617Phe JAK2 mutation in 72 families with myeloproliferative disorders. Blood, 108: 42-356.
Berki,  T.;  Boldizsar,  F.;  Szabo,  M.;  Talaber,  G.  and  Varecza, Z. (2011). Signal Transduction. http://tankonyvtar.hu/tartalom/tampp425.
Bertozzi,  I.;  Tezza,  F.;  Bonamigo,  E.;  Fabris,  F.  and  Randi, M. L. (2012). Leukocytosis at diagnosis in patients with essential thrombocythemia is a risk factor for transformation into myelofibrosis. Open J. Blood Dis., 2: 46-50.
Blume-Jensen , P. and Hunter, T. (2001). Oncogenic kinase signaling.  Nature.   411:3 55-365.
Bocchia,  M.;  Vannucchi,  A. M.;  Gozzetti,  A.;  Guglielmelli,  P.;  Poli, G.; Crupi, R.  et al. (2007). An insight into JAK2V617 mutation in CML. Lancet Oncol., 8: 864-866.
Bornhauser,  M.;  Mohr,  B.; Olschlaegel, U.;  Bornhauser, P.; Jacki, S.; Ehninger, G. et al. (2007). Concurrent JAK2V617F mutation and BCR-ABL translocation within committed myeloid progenitors in myelofibrosis. Leukemia, 21: 1824-1826.
Brandford,  S.; Fletcher,  L.; Cross,  N. C.; Muller, M. C.; Hochhaus, A.; Kim, D. W.  et al. (2008). Desirable performance characteristics for BCR-ABL measurement on an international reporting scale to allow consistent interpretation of individual patient response and comparison of response rates between clinical trials. Blood, 112:3330-3338.
Burg, N. D.  and  Pillinger, M. H. (2001). The neutrophil: function and regulation in innate and humoral immunity. Clin. Immunol., 99: 7–17.
Busslinger, M.; Nutt, S. L. and  Rolink, A. G. (2000). Lineage commitment in lymphopiesis. Curr. Opin. Immunol., 12:151-158.
Cambier, N.;  Renneville, A.;  Cazaentre, T. ;  Soenen, V.;  Cossement, C.; Giraudier, S.  et al. (2008). JAK2V617F-positive polycythemia vera and Philadelphia chromosome-positive chronic myeloid leukemia: one patients with two distinct myeloproloferative disorders. Leukemia, 22: 1454-2455.
Campbell,  P. J.;  Baxter, E. J.;  Beer, P. A.;  Scott, L. M.; Bench, A. J.; Huntly, B. J. et al. (2006).  Mutation of JAK2 in the myeloproliferative disorders: timing, clonality studies, cytogenetic associations, and role in leukemic transformation. Blood,108:3548-3555.
Campiotti,  L.;  Appio,  L.;  Solbiati,  F.; Ageno, W. and Venco  A. (2009). JAK2V617F mutation and Philadelphia positive chronic myeloid leukemia. Leuk. Res., 33: e212-213.
Chou, Y.S.; Gau, J. P.; Yu, Y. B.; Pal, J. T.; Hslao, L. T.; Liu, J. H. et al. (2013). Leukocytosis in polycythemia vera and splenomegaly in essential thrombocythemia are independent  risk factors for hemorrhage. Eur. J. Hematol., 90: 228-236.
Christopher, M. J. and Link, D. C. (2007). Regulation of neutrophil homeostasis. Curr. Opin. Hematol., 14: 3-8.
Corey,  S. J.;  Dombrosky-Ferlan, P. M.;  Zuo, S.;  Krohn, E.;  Donnenberg, AD.;  Zorich, P. et al. (1998). Requirement of Src kinase Lyn for induction of DNA synthesis by granulocyte colony-stimulating factor. J. Biol. Chem., 273:3230-3235.
Corey, S. J. and  Anderson, S. M. (1999). Src-related protein tyrosine kinases in hematopoiesis. Blood, 93:1–14.
Cortes,  J. E.;  Talpaz,  M.;  O'Brien, S.;  Faderl, S.;  Garcia-Manero, G.; Ferrajoli, A.  et al. (2006). Staging of chronic myeloid leukemia in the imatinib era: an evaluation of the World Health Organization proposal. Cancer, 106: 1306-1315.
Dameshek, W. (1951). Some speculations on the myeloproliferative syndromes, Blood, 6: 372-375.
Danial, N. N.; Losman, J. A.;  Lu, T. ; Yip, N.;  Krishnan, K.;  Krolewski, J.  et al. (1998). Direct interaction of Jak1 and v-Abl is required for v-Abl-induced activation of  STATs and proliferation. Mol. Cell. Biol., 18:6795-6804.
Dawson, M. A.;  Bannister,  A. J.;  Göttgens, B.;  Foster, S .D.;  Bartke, T.; Green, A. R. et al. (2009). JAK2 phosphorylates histone H3Y41 and excludes HPlalpha from chromtain. Nature, 461: 819-822.
Deininger, M. W.; Goldman, J. M. and Melo, J. V. (2000). The molecular biology of chronic myeloid leukemia. Blood, 96: 3343-3356.
Deininger,  M. W. and  Druker, B. J. (2003). Specific targeted therapy of chronic myelogenous leukemia with imatinib. Pharmacol. Rev. 55: 401-23. 
Deininger, M. W.; Goldman, J. M. and Melo, J. V. (2006). The molecular biology of chronic myeloid leukemia. Blood, 96: 3343-3356.
Del Biondo,  E.; De Raeve,  H.;  Huysmans, G.; Hendrickx, K.; Wouters, E.; Vandenberghe, P. et al. (2012). Concomitant JAK2V617F positive essential thrombocytemia and BCR-ABL1 positive chronic myeloid leukemia masked by imatinib therapy for gastrointestinal stromal tumor. Belg. J. Hematol., 3: 105-107.
Delhommeau,  F.;  Dupont, S.; Tonetti, C.; Masse,  A.; Godin,  I.; Le Couedic,  J. P. et al. (2006).  Evidence that the JAK2 G1849T (V617F) mutation occurs in a lympho-myeloid progenitor in polycythemia vera and idiopathic myelofibrosis. Blood,  109:71-77.
Donato, N. J.;  Wu, J.Y.;  Stapley, J.;  Gallick, G.; Lin, H.;  Arlinghaus, R. and Talpaz, M. (2003). BCR-ABL independence and LYN kinase overexpression in chronic myelogenous leukemia cells selected for resistance to STI571.  Blood, 101: 690–698
Dorey, K.;  Engen,  J.R.;  Kretzschmar, J.;  Wilm, M.;  Neubauer, G.; Schindler, T. et al. (2001). Phosphorylation and structural-based functional studies reveal a positive and a negative role for the activation loop of the c-Abl tyrosine kinase. Oncogene, 20:8075-8084.
Duletic,  A. N.;  Dekanic,  A.;  Hadzisejdic, I. ;  Kusen, I.;  Matusan-Ilijas, K.;  Grohovac, D.  et al. (2012). JAK2V617F mutation is associated with clinical and laboratory features of myeloproliferative neoplasms. Coll. Antropol., 36: 869-865.
Dutt, S. and Srivastava, S. (2013). Imatinib mesylate resistance and mutations: An Indian experience  Ind. J. Med. Paed. Oncol., 34: 213-220.
El-Hady, S. B.; Elnaggar, A. M. and Almasry, E. (2013). Detection of Janus kinase 2 V617F mutation in healthy cigarette smokers. Egypt. J. Haematol., 38: 97-101.
Faderi,  S.;  Talpaz,  M.; Estrov, Z.;  O'Brien, S.; Kurzrock, R. And Kantarjian, H. M. (1999). The biology of chronic myeloid leukemia. New England Journal of Medicine 341: 163-172.
Feinstein, E., et al. (1991). p53 in chronic myelogenous leukemia in acute phase. Proc. Natl. Acad. Sci. USA,  88:  6293-6307.
 Feng, J.;  Witthuhn, B. A.;  Matsuda, T.;  Kohlhuber, F.;  Kerr, I. M.  And  IhleJ, N.  (1997). Activation of Jak2 catalytic activity requires phosphorylation of Y1007 in the kinase activation loop. Mol. Cell Biol., 17: 2497-2501.
Fialkow, P. J.;  Gartler, S. M.  and  Yoshida, A. (1967). Clone origin of chronic myelocytic leukemia in man. Proc. Natl. Acad. Sci. USA 58:1468-1471.
Gattenlohner, S.; Volker, H.;  Etschman, B. et al. (2009). BCR-ABL postive chronic myeloid leukemia with concurrent JAK2V617F positive myelodysplastic syndrome/myeloproliferative neoplasm ( RARS-T). Am. J. Hematol., 84: 306-307.
Germing, U.;  Hildeberandt, B.; Pfeilstocker, M.; Nosslinger, T.; Valent, P.; Fonatsch, C. et al. (2005). Refinement of the international prognostic scoring system (IPSS) by including LDH as an additional prognostic variable to improve risk assessment in patients with primary myelodysplastic syndrome (MDS). Leukemia, 19:2223-2231.
Ghoreschi,  K.;  Laurence, A.  and  O’Shea, J. J. (2009). Janus kinases in immune cell signaling. Immunol Rev., 228: 273–287.
Giles, G. G.; Lickiss, J. N. and Baikie, M. J. (1984). Myeloproliferative and lymphoproloferative disorders in Tasmania, 1972-80: occupational and familial aspects. J. Natl. Cancer. Inst., 72: 1233-1240.
Girault, J. A.;   Labesse, G.; Mornon, J. P. and  Callebaut, I. (1999). The N-termini of FAK and JAKs contain divergent band 4.1 domains. Trends Biochemical Sci., 24: 54-57.
Godfrey, A. L.; Chen, E.; Pagano, F.; Ortmann, C. A.; Silber, Y.; Bellosillo, B.;  et al. (2012a). JAK2V617F homozygosity arises commonly and recurrently in PV and ET, but PV is characterized by expansion of a dominant homozygous subclone. Blood, 120:2704-2707.
Goff,  S. P.;  Gilboa, E.; Witte, O.N.  and  Baltimore, D. (1980).  Structure of the Abelson murine leukemia virus genome and homologous cellular gene: Studies with cloned viral DNA. Cell, 22: 777-785.
Goh, H.;  Hwang, J.Y.;  Kim, SH.;  Lee, YH.;  Kim, YL. and  Kim, D.W. (2006). Comprehensive analysis of BCR-ABL transcript types in Korean CML patients using newly developed multiplex RT-PCR. Translational Res., 148: 249-256. 
Goodyear, Q. C. (2011). Mutational analysis of the janus kinase gene in patients with polycythemia vera, essential thrombocythemia and primary myelofibrosis. MSc. Dissertation. Faculty of Health Sciences, University of the Free State/ South Africa.
Gregg, X. T.  and  Prchal, J. T. (2005). Recent advances in the molecular biology of congenital polycythemias and polycythemia vera. Curr. Opn. Hematol., 4:238-242.
Grundschober, E.; Hoelbl-Kivacic, A.; Bhaqwat, N.; Kovacic, B.; Scheicher, R. and Eckelhart, K. (2014). Acceleration of Bcr-Abl+ leukemia induced by deletion of JAK2. Leukemia, Doi: 10.1038/leu.
Haan, C.;  Heinrich,  P. C.  and  Behrmann, I. (2002). Structural requirements of the interleukin-6 signal transducergp130 for its interaction with janus kinase 1: the receptor is crucial for kinase activation. Biochem. J., 361: 105-111.
Hamamura, K.; Tsuji, M.;  Hotta, H. ;  Ohkawa, Y.; Takahashi, M.; Shibuya, H.  et al. (2011). Functional activation of Src family kinase Yes protein is essential for the enhanced malignant properties of human melanoma cells expressing ganglioside GD3. J Biol Chem., 286:18526-18537.
Hantschel, O.  and  Superti-Furga, G. (2004). Regulation of the c-Abl and BCR_ABL tyrosine kinases. Mol. Cell. Biol., 5: 33-44.
Hasan,  S.  (2013). JAKV617F-positive myeloproliferative neoplasms: KI mouse models, interferon-α therapy and clonal architecture. Ph. D. thesis. University of Paris-Sud.
Hasford, J.;  Baccarani, M.;  Hoffman, V.;  Guilhot, J.;  Saussele, S.; Rosti, G.  et al. (2011). Predicting complete cytogenetic response and subsequent progression-free survival in 2060 patients with CML on imatinib treatment. The EUTOS score. Blood, 118:686-692.
Hehlman, R. (2012). How I treat CML blast crisis. Blood, 120:737-747.
Heid, C. A.; Stevens, J.; Livak, K. J. and Williams, P. M. (1996). Real time quantitative PCR. Genomic Res., 6: 986-994.
Hendriks,  R. W.;  Yavaraj, S.  and  Kil, L. P. (2014). Targeting bruton's tyrosine kinase in B cell malignancies. Nature Rev. Cancer,               14: 219-232.
Ho, J. M.; Beattie, B. K.; Squire, J. A.; Frank, D. A. and Barber, D. L. (1999). Fusion of the ets transcription factor TEL to Jak2 results in constitutive Jak-Stat signaling. Blood, 93: 4354-4364. 
Hoang, T. (2004). The origin of hematopoietetic cell type diversity. Oncogene, 23: 7188-7198.
Hofbrand, A. V.; Moss, P. and  Pettit, J. E. (2006). Essential Hematology. 5th. Ed. Blackwell Publishing.
Hussein,  K.;  Bock, O.; Seegers, A.;   Flasshove,  M.;  Henneke,  F.;   Buesche, G.  et al. (2007).  Myelofibrosis evolving during imatinib treatment of chronic myeloproliferative disease with coexisting BCR-ABL translocation and JAK2V617F mutation. Blood, 109: 4106-4107.
Hussein, K.;  Bock, O.;  Theophile, K.;  Seegers, A.;  Arps, H.;  Basten, O.     et al. (2008). Chronic myeloproli-ferative diseases with concurrent BCR-ABL junction and JAK2V617F mutation. Leukemia, 22: 1059-1062.
Inami, M.;  Inokuchi, K.;  Kosaka, F.;  Mitamura,  Y.; Yamaguchi, H.         et al. (2007). Polycythemia associated with the JAK2V617F mutation emerged during treatment of chronic myelogenous leukemia. Leukemia, 21: 1103-1104. 
Inokuchi, k.;  Yamaguchi, H.;  Tamai, H.  and  Dan, K. (2012). Disappearance of both the BCR/ABL1 fusion gene and the JAK2V617F mutation with dasatinib therapy in a patient with imatinib-resistant chronic myelogenous leukemia. J. Clin. Hematopathol., 52: 145-147.
Irvin-Barnwell, E. A.;Yesupriya, A.; Hendrix, M. ; Seaman, V.; Mochal, S.;  Nikolova, S.  et al. (2013). Prevalence of the JAK2V617F mutation and associated risk haplotype and determination of demographic and lifestyle risk factors in the US population, Nhanes 1999-2002. The 55th Annual Meeting and Exposition. New Orleanls, LA. December 7-10, 2013.
Ishii, T.;  Bruno, E.;  Hoffman,  R. and  Xu, M. (2006).  Involvement of various hematopoietic cell lineages by the JAK2V617F mutation in polycythemia vera. Blood, 108:3128-34.
Jallades, L.; Hayette, S.; Tiguad, I. ; Johnston, A.; Coiffier, B.; Magaud, JP. et al. (2008). Emergence of therapy un-related CML on          background of BCR-ABL-negative JAK2V617F-positive chronic idiopathic myelofibrosis. Leuk. Res., 32: 1608-1610.
James,  C.;  Ugo, V.;   Le Couedic,  J. P.;  Staerk,  J.;  Delhommeau,  F.;  Lacout,  C.  et al.  (2005). A unique clonal JAK2 mutation leading to constitutive signalling causes polycythaemia vera. Nature, 434:1144-1148.
Jones, A. V. (2010). The molecular pathogenesis of yeloproliferative neoplasms. Ph. D. thesis. University of Southampton, School of medicine.
Jones, A. V.; Cross, N. C. ; White, H. E.; Green, A.R.  And  Scott, L .M.   (2008). Rapid identification of JAK2 exon 12 mutations using high resolution melting analysis. Haematologica, 93: 1560-1564.
Jones, A. V.; Chase, A.;  Silver, R. T.;  Oscier, D.;  Zoi,  K.;  Wang, YL.         et al. (2009). JAK2 haplotype is a major risk factor for the development of myeloproliferative neoplasms. Nat. Genet., 41: 446-449.
Jorgensen, H. G.  and  Holyoake, T. L. (2001). A comparison of normal and leukemic stem cell biology in chronic myeloid leukemia. Hematological oncol., 19: 89-106.
Kantarjian, H.  and  Cortes, J. (2014). Chronic myeloid leukemia. In: Niederhuber, J. E.; Armitage, J. O.; Tapper, J. E.; Doroshow, J. H. and Kastan, M. B. (eds.), Abeloff's Clinical Oncology. 5th ed. Philadelphia, Elsevier, pp 1944-1957.
Kato, Y.; Yamamoto, M.; Ikegami, L.; okumura, S.; Hara, T. and Shuto, K. (1996). Possible mechanism of increase in serum alkaline phosphatase activity in rats given granulocyte colony-stimulating factor. Exp. Anim., 45: 23-32.
Kaushansky,  K. (2006). Lineage-specific hematopoietic growth factors. N. Engl. J. Med., 354:2034-2045.
Kayser, S.  and  Levis, M. J. (2014). FLT3 tyrosine kinase inhibitors in acute myeloid leukemia: clinical application and limitations. Leukemia Lymphoma, 55: 243-255.
Kilpivaara, O.;  Mukherjee, S.;  Schram, A. M.; Wadleigh, M.; Mullally,A.;                  Ebert, BL. et al. (2009). A germline JAK2 SNP is     associated with predisposition to the development of JAK2V617-positive myeloproli- ferative neoplasms. Nat. Genet., 41: 455-459.
Kim, Y. K.; Shin, M. G.; Kim, H. R.; Yang,  D.H.;  Cho,  SH.;  Lee,  J. J.          et al. (2008). Simultaneous occurrence of the JAK2V617F mutation and BCR-ABL gene rearrangement in patients with chronic myeloproliferative disorders. Leu. Res., 32:993-995.
Kim, D. W. (2011). Recent advances in the path toward the cure for chronic myeloid leukemia.  Korean J. Hematol., 46: 169-174. 
Kondo, M. (2010). Lymphoid and myeloid lineage in multipotent hematopoietic progenitors. Immunol. Rev., 238: 37-46.
Kondo, M.; Weissman, I. L.  and  Akashi, K. (1997). Identification of clonogenic common lymphoid progenitors in mouse bone marrow. Cell, 91: 661-672
Kralovics,  R.;  Passamonti,  F.;  Buser,  A. S.; Teo,  S. S.;  Tiedt,  R.; Passweg,  J. R.  et al (2005).  A gain-of-function mutation of JAK2 in myeloproliferative disorders. N. Engl. J. Medicine, 352:1779-1790.
Kralovics, R.; Teo, S. S.; Li, S.; Theocharides, A.; Buser, A. S.; Tichelli, A.  et al. (2006). Acquisition of the V617F mutation of JAK2 is a late genetic event in a subset of patients with myeloproliferative disorders. Blood, 108:1377-1380..
Kramer , A.  (2008).  JAK2-V617F and BCR-ABL: double jeopardy? Leuk Res., 2:1489-1490.
Kramer, A.;  Reiter, A.;  kruth, J.;  Bornhäuser, P.;  Jacki, S.; Ehninger,G. et al. (2007). JAK2-V617F mutation inpatient with Philadelphia chromosome-positive chronic myeloid leukemia. Lancet Oncol., 8: 658-660.
Kumar, J.;  Fraser, F. W.;  Riley, C.;  Ahmed, N.;  McCulloch, D. R.  and Ward, A. C. (2014). Granulocyte colony-stimulating factor receptor signaling via janus kinase 2 /signal transducer and activator of transcription 3 in ovarian cancer. Br. J. Cancer, 110: 133-145.
Kuriyan, J. (2000). Structural mechanism for STI-571 inhibition of Abelson tyrosine kinase. Sci., 289: 1938-1942.
Larsen, T. S.; Christensen, J. H.; Hasselbalch, H. C.  and   Pallisgaard, N. (2007). The JAK2 V617F mutation involves B- and T- lymphocyte lineages in a subgroup of patients with Philadelphia-chromosome negative chronic myeloproliferative disorders. Bri. J. Haematol., 136:745-751.
Laughlin, T. S.; Moliterno, A. R.; Stein, B. L. and  Rothberg, P.G. (2010). Detection of exon 12 mutations in the Jak2 gene: enhanced analysis sensitivity using camped PCR and nucleotide sequencing. J. Mol. Diag., 12: 278-282.
Lay, M.;  Mariappan, R.;  Gotlib, J.;  Dietz, L.;  Sebastian, S.;  Schrijver ,I.     et al. (2006). Detection of JAK2 V617F mutation by lightcycler PCR and probe dissociation analysis. J. Mol. Diag., 8: 330-334.
Lee, T. S.;  Ma, W.;  Zhang, X.;  Kantarjian, H.  and  Albitar, M.   (2009). Structural effects of the clinically observed mutations in Jak2 exons 13-15: comparison with V617F and exon 12 mutation. BMC Struct. Biol., 9:58-62.
Levine, R. L., Pardanani, A., Tefferi, A. and Gilliland, D. G. (2007). Role of JAK2 in the pathogenesis and therapy of myeloproliferative disorders. Nature Rev. Cancer, 7: 673–683.
Levinson, N. (2008). Structural studies on tyrosine kinase regulation and substrate specificity. Ph. D. thesis, Unversity of California, Berkeley, USA.
 Li, J.; Huang, Y.; Zhang, B. N.; Fan, J. H.; Huang, R.;  Zhang, P. et al. (2014). Body Mass Index and Breast Cancer Defined by Biological Receptor Status in Pre-Menopausal and Post-Menopausal Women: A Multicenter Study in China. PLoS ONE,  9: e87224. doi:10.1371/journal.
Lindauer,  K.;  Loerting, T.;  Liedl, K. R. and Kroemer, R. T. (2001). Prediction of the structure of human Janus kinase 2 (JAK2) comprising the two carboxy-terminal domains reveals a mechanism for autoregulation. Protein Eng., 14:27-37.
Liongue, C.; Hall, C.; O'connell, B.; Crozier, P. and Ward, A. C. (2009).  Zebrafish granulocyte colony-stimulating factor receptor signalling promotes myelopoiesis and myeloid cell migration. Blood, 113: 2535-2546.
Liu, F.;  Zhao, X.; Perna, F.; Wang, L.; Koppikar, P.; Abdel-Wahab, O.     et al. (2011). JAK2V617F-mediated phosphorylation of PRMT5 downregulates its methyltransferase activity and promotes myeloproliferation. Cancer Cell, 19: 283-294.
Lundan, T.; Volin, L.; Ruutu, T.; Knuutila, S. and Porkka, K. (2005). Allogeneic stem cell transplantation reverses the poor prognosis of CML patients with deletions in derivative chromosome 9. Leukemia, 19: 138-140.
Majula, G.; Prajitha, E. M.;  Sailaja, K. Raghunadha, R. D.; Anuradha, C.; Sagunakar, V. et al. (2013). JAK2V617 mutation: a marker for CML progression. J. Cell Tis. Res., 13: 3439-3443.
Maria, G. Jean-Michel, V.; Christelle, C.; Amandine, L. and Pascal, W. (2012). Smoking, occupational risk factors, and bronchial tumor location: apossible impact for lung cancer computed tomography scan screening. J. Thor. Oncol., 7: 128-136.
Marry, C.; Lacout, C.; Droin, N.; Le Couedic, J. P.;Ribrag, V.; Solary, E. et al., (2013). A role for reactive oxygen species in JAK2(V617F) myeloproliferative neoplasm progression. Leukemia, 27: 2187-2195.
McLornan, D.;  Percy, M.  and  McMullin, M. F. (2006). JAK2 V617F: a single mutation in the myeloproliferative group of disorders. Ulstre Med. J., 75:112-119.
Mcwhirter, J. R.; Galasso, D. L. and  Wang, J. Y. J. (1993). A coiled-coil oligomerization domain of bcr is essential for the transforming function of Bcr-Abl oncoproteins. Mol. Cellular Biol., 13: 7587-7595.
Metcalf, D. (2008). Hematopoietic cytokines. Blood, 111: 485-491.
Miao, P.;  Sheng, S.;  Sun, X.;   Liu, J.  and  Huang, G. (2013). Lactate dehydrogenase A in cancer: a promising target for diagnosis and therapy. Int. Unio. Biochem. Mol. Biol., 65: 904-910.
Miranda, M. B. and  Johnson, D. E. (2007). Signal transduction pathways that contribute to myeloid differentiation. Leukemia, 21:1363-1377.
Mirza, I.; Frantz, C.; Clarke, G.;  Voth, A. J. and  Turner,R. (2007). Transformation of polycythemia vera to chronic myelogenous leukemia. Arch. Pathol. Lab. Med., 131: 1719-1724.
Morrison, S. J.  and  Weissman, I. L. (1994). The long term repopulating subset of hematopoietic stem cell is deterministic and isolatable by phenotype. Immunity, 1: 661-673.
Muller-sieburg, C. E.; Cho, R. H.; Thoman, M.; Adkins, B.  and  Sieburg,  H. B. (2002). Deterministic regulation of hematopoietic stem cell self-renewal and differentiation. Blood, 100: 1302-1309.
 Murugesan, G.; Aboudola, S.; Szpurka, H.; Verbic, M. A.; Macieiwski, J. P.; Tubbs, R. R. and His, E. D. (2006). Identification of the JAK2V617F mutation in chronic myeloproliferative disorders using FRET probes and melting curve analysis. Am. J. Clin. Pathol., 125:625-633.
Nadali, F.; Ferdowsi, Sh.; Karimzahed, P.; Chahardouli, B.; Einollahi, N.; Mousavi, S.A. et al.  (2009). JAK2V617F mutation and Philadelphia-positive chronic myeloid leukemia . IJHOSCR, 3: 43-45
Nguyen,  M. H.;  Ho, J. M.;  Beattie, B. K.  and  Baber,  D. L. (2001).  TEL-JAK2 mediates constitutive activation of the phosphatidylinositol 3'-kinase/protein kinase B signaling phathway. J. Biol. Chem., 276: 32704-32713
Nosaka, T.;  Kawashima,T.;  Misawa, K.; Ikuta,K.;  Mui, A.L. and Kitamura, T. (1999). STAT5 as a molecular regulator of proliferation, differentiation and apoptosis in hematopoietic cells. EMBO J., 18: 4754-4765.
Nowell, P.  and  Hungerford,  D. A. (1960). Minute chromosome in human chronic granulocytic leukemia.  Sci., 132:1749-
Okada,  M.  (2012). Regulation of the Src family kinases by Csk. Int. J. Biol. Sci., 8: 1385-1397.
Olsen, R. J.; Tang, Z.; Farkas, D. H.;  Bernard, D. W. and Chang, C. C. (2006). Detection of the JAK2V617F mutation in myeloproliferative disorders by melting curve analysis using the LightCycler system. Arch. Pathol. Lab. Med., 130: 997-1003. 
Pagliarini-E-Silva, S.;  Santos, B. C.;  Pereira, E. M.;  Ferreira, M. E.; Baraldi, E. C.;  Sell, A. M.  and  Visentainer, J. E.  (2013). Evaluation of the association between the JAK2 46/1 haplotype and chronic myeloproliferative neoplasms in a Brazilian population. Clinics,       68: 5-9.
Pahore, Z.A.;  Shami, T.S.;  Toj, M.;  Farzana ,T.;  Ansari, SH.; Nadeem, M.  et al (2011). JAK2V617F mutation in chronic myeloid leukemia predicts early diaease progression. J. College physicians Surg. Pakistan, 21: 472-475.
Paietta, E.; Racevskis, J.; Bennett, J.M.; Neuberg, D.; Cassileth, P.A.; Rowe, J.M. et al. (1998). Biologic heterogeneity in Philadelphia chromosome-positive acute leukemia with myeloid morphology: the eastern cooperative oncology group experience. Leukemia,                12: 1881-1885.
Passamonti, F.; Rumi, E.; Pietra, D.; Lazzarino, M. and Cazzola M. (2007). JAK2V617F mutation in healthy individuals. Br. J. Haematol., 136: 678-679.
Passamonti, S. (2012). How I treat polycythemia vera? Blood, 120: 275-284.
Pastore, F.;  Schneider, S.; Christ, O.; Hiddemann, W. and  Spiekermann, K. (2013). Impressive thrombocytosis evolving in a patient with a BCR-ABL positive CML in major molecular response during dasatinib treatment unmask an additional JAK2V617F. Exp. Hematol. Oncol., 2:24-28.
Payande, M.; Zare, M. E.; Shure, S. G. and Zshed, F. S. (2011). JAK2V617F mutation combined with Philadelphia chromosome-positive chonic myeloid leukemia: a case report. Int. J. Hematol. Oncol. Stem Cell Res., 5:34-37.
Peeters, P.; Raynaud,  S.D.; Cools, J.;  Wlodarska, I.; Grosgeorge, J.    et al.  (1997). Fusion of TEL, the ETS-variant gene 6 (ETV6), to the receptor-associated kinase JAK2 as a result of t(9;12) in a lymphoid and t(9;15;12) in myeloid leukemia. Blood, 90: 2535-2540
Pene-Dumitrescu, T.  and  Smithgall, T. E. (2010). Expression of a Src family kinases in chronic myelogenous leukemia cells induces resistance to imatinib in a kinaes-dependent manner. J. Biological Chem., 285: 21446-21457.
Pieri, L.;  Spolverini, A.;  Scappini, B.;  Occhini,U.;  Birtolo, S.;  Bosi, A.;   et al. (2011). Concomitant occurrence of BCR-ABL and JAK2V617F mutation. Blood, 118: 3445- 3446.
Preston, C. R.;  Flores, C. and Engels, W. R. (2006).  Age-dependent usage of double-strand-break repair pathways. Curr. Biol., 16: 2009-2015.
Pujari, K. N.; Jadkar, S. P. and Belwalker, G. J. (2012). Lactate dehydrogenase levels in leukemias. Int. J. Pharma. Bio. Sci., 3: 454-459.
Quintas-Cardama,  A.  and  Cortes, J. E. (2006). Chronic myeloid leukemia: diagnosis and treatment. Mayo. Clin. Proc., 7:973-988.
Radak, B. F. and Carr, J. H. (2013).  Clinical Hematology Atlas. Fourth edition. Elsevier Saunders, London. p. 13.
Raitano,  A. B.;  Whang, Y. E.  and  Sawyers, C. L. (1997). Signal transduction leukemogenic abl proteins. Biochimica et Biophysica Acta-Rev. Cancer, 1333: F201-F216.
Rambaldi, A.; Terao, M.; Bettoni, S.; Bassan, R.; Battista, R.; Barbui, T. and Garattini, E. (1989). Differences in the expression of alkaline phosphatase mRNA in chronic myelogenous leukemia and paroxysmal nocturnal hemoglobinuria polymorphonuclear leukocytes. Blood, 73: 1113-1115.
Rana, A.;  Shah, S. H.;  Rehman, N.  et al. (2011). Chronic myeloid leukemia: attributes of break point cluster region-abelson (BCR-ABL). J. Cancer Res. Experim. Oncol., 3: 62-66.
Randolph, T. R. (2012). Myeloproliferative neoplasms. In: Rodak, B. F.; Fritsma, G. A. and Keohane, E. M. (eds.). Hematology: Clinical Principles and Applications. Fourth ed. Elsevier Saunder, Missouri, USA. pp. 507-519.
Reddy, M. M.; Deshpande, A. and  Sattler, M. (2012). Targeting JAK2 in the therapy of myeloproliferative neoplasms. Expert. Opin. Ther. Targets. 16: 313-324.
Ren,  R.  (2005). Molecular of BCR-ABL in the pathogenesis of chronic myelogenous leukemia. Nat. Rev. Cancer, 5:172-183.
Richard, K. K.; Larson, R. S.  and  Rabinowitz, I. (2009). Chronic myeloid leukemia. In: Greer, J. P.; Foerster, J.; Rodgers, G. M.; Paraskevas, F.; Glader, B.; Arber, D. A. and Means, R. T. (eds.). Wintrobe's Clinical Hematology. Philadephia, Lippincott Williams &Wilkins, pp.2006-2015.
Robb, L. (2007). Cytokine receptor and hematopoietic differentiation. Oncogene, 26: 6715-6723.
Roskoski, R. (2005). Src kinase regulation by phosphorylation and dephospho-rylation. Biochem. Biophys. Res. Commun.,  331:1–14.
Ross, J. M.; Oberg, J.; Brene, S.; Coppotelli, G.; Terzioglu, M.; Pernold, K. et al. (2010). High brain lactate is a hallmark of aging and caused by a shift in the lactate dehydrogenase A/B ratio. Proc. Natl. Acad. Sci. USA, 107: 20087-20092.
Rossi, D. J.; Bryder, D.; Seita, J.;  Nussenzweig, A.; Hoeijmakers, J. and  Weissman, I. L. (2007). Deficiencies in DNA damage repair limit the function of haematopoietic stem cells with age. Nature, 447:725-129.
Rowley, J. D. (1973). A new consistent chromosomal abnormality in chronic myelogenous leukemia identified by quinacrine fluorescence and Giemsa staining. Nature, 243:290-293.
Saharinen, P.  and  Silvnnoinen, O. (2002). The pseudokinase domain is required for suppression of basal activty of Jak2 and Jak3 tyrosine kinases and for cytokine-inducible activation in signal transduction. J. Biol. Chemist., 277: 47954-47963
Saharinen, P.; Vihinen, M.  and   Silvennoinen,  O. (2003). Autoinhibition of Jak2 tyrosine kinase is dependent on specific regions in its pseudo- okinase domain. Mol. Biol. Cell, 14:1448-1459.
Saif, M. W.; Alexander, D.  and   Wicox, C. M. (2005). Serum alkaline phosphatase level as prognostic tool in colorectal cancer. A study of 105 patients. J. App. Res., 5: 88-95.
Sandberg, E. M.; Wallace, T. A.; Godeny, M. D. ; VonderLinden,  D.  and  Sayeski,  P. P.   (2004). Jak2 tyrosine kinase. Cell Biochem. Biophys., 41: 207-23.
Santos, S. C.;  Monni, R.; Bouchaert, I.; Bernard, O.; Gisselbrecht, S.; Gouilleux, F.  et al. (2001). Involvement of the NF-kappa B phthway in the transforming properties of the TEL-Jak2 leukemogenic fusion protein. FEBS  lett. 497: 148-152
Schindler, T.; Bornmann, W., Pellicena, P.; Miller,W. T.; Clarkson, B. and Kuriyan, J. (2000). Structural mechanism for STI-571 inhibition of Abelson tyrosine kinase. Science, 289: 1938-1942.
Schnittger, S.; Bacher, U.; Haferlach, C.; Geer, T.; Müller, P.; Mittermüller,J.  et al. (2009). Detection of JAK2 exon 12 muta-tions in 15 patients with JAK2V617F negative polycythenia vera. Heamatologica 94: 414-418.
Scott, L. M.  (2011). The Jak2 exon 12 mutations: A comprehensive review. Am. J. Hematol., 86: 668-676.
Scott, L.M.; Scott, M.A.; Campbell, P. J.  and  Green, A. R. (2006). Progenitors homozygous for the V617F mutation occur in most patients with polycythemia vera, but not essential thrombocythemia. Blood, 108:2435-2437.
Scott, L. M.; Tong, W.; Levine, R. L.; Scott, M. A.;  Beer,  P. A.;  Stratton, M. R.  et al. (2007). Jak2 exon 12 mutation in polycythemia vera and idiopathic erythrocytosis. N. Eng. Med., 356: 459-468.
Sefton B. M.; Hunter,T.  and  Raschke, W. C. (1981). Evidence that the Abelson virus protein functions in vivo as a protein kinase that phosphorylates tyrosine. Proc. Natl. Acad. Sci. USA 76: 1552-1556
Semenza, G. L. (2008). Hypoxia-inducible factor 1 and cancer pathogenesis. IUBMB, 60: 591-597.
Sen, B.  and  Johnson, F. M.  (2011). Regulation of SRC family kinases in human cancers. J. Signal. Transduct.  2011: 1-14.
Shtivelman, E.; Lifshitz, B.; Gale, R. P.  and  Canaani, E.  (1985). Fused transcript of abl and bcr genes in chronic myelogenous leukemia. Nature, 315: 550-554.
Sidon, P.;  El Housi, H.;  Dessars, B.  and  Heimann, P. (2006). JAK2V617F mutation is detectable at very low level in peripheral blood of healthy donors. Leukemia, 20: 1622.
Singh, A. K.; Pandey, A.;  Tewari, M. ; Kumar, R.; Sharma, A.; Singh, K. A.  et al. (2013). Advanced stage of breast cancer hoist alkaline phosphatase activity: risk factor for females in India. Biotech.,     3:517-520.
Sokal, J. E.; Baccarani, M.; Russo, D.  and  Tura, S. (1988). Staging and prognosis in chronic myelogenous leukemia, Semin. Hematol., 25:49-61.
Steark, J. and Constantinescu, S. N. (2012). The JAK/STAT pathway and hematopietic stem cells from the JAK2V617F prospective. JAKSTAT, 1:184-190.
Steelman, L.S.; Abrams, S.L.; Whelan, J.; Bertrand, F. E.; Ludwig, D. E.; Bäsecke, J.  et al. (2008). Contributions of the Ras/MEK/ERK, PI3K/ PTEN/ Akt/mTOR and Jak/STAT pathways to leukemia. Leukemia,  22: 686-707.
Tabassum, N.; Saboor, M.; Ghani, R.  and  moinuddin, M. (2014). Frequency of JAK2V617F mutation in patients with Philadelphia-positive chronic myeloid leukemia in Pakistan. Pak. J. Med. Sci., 30: 180-185.
Takakihara, R. I.; Amarante, M. K.; Aoki, M. N.; Oda, J. M.; Fujita, T. C. and Watanabe, M. A. (2010). Determination of lactate dehydrogenase (LDH) and Bcr-Abl transcript in the follow-up of patients with chronic myeloid leukemia. Maringa, 32: 113-118.
Tefferi, A.  and  Vardiman, J. W. (2008). Classification and diagnosis of myeloproliferative neoplasms: the 2008 World Health Organization criteria and point-of-care diagnostic algorithms. Leukemia, 22: 14-22.
Terreros, M. C.; Apezteguia, M.; Slavutsky, I. R. and Guimarey, L. M. (1997). Exposure to occupational and environmental risk factors in hematologic disorders. Neoplasia, 14:133-136.	
Testoni, N.; Marzocchi, G.; Luatti, S.; Amabile, M.; Baldazzi, C.; Stacchini,M.  et al. (2009). Chronic myeloid leukemia: a prospective  comparison of interphase fluoresce in situ hybrization and  chromosome banding analysis for the definition of complete cytogenetic response: a study of the GIMEMA CML WP. Blood, 114: 4939-4943.
Tiedt, R.; Hao-Shen, H.; Sobas, M.; Looser, R.; Dirnhofer, S.; Schwaller, A.;  et al. (2008).  Ratio of mutant JAK2-V617F to wild-type Jak2 determines the MPD phenotypes in transgenic mice. Blood,  111:3931-3940.
Touw,  I. P. and  Van  De Geijn, G. J. (2007). Granulocyte colony-stimulating factor and its receptor in normal myeloid cell development, leukemia and related blood cell disorders. Front. Biosci., 12: 800-815.
Traver, D.; Akashi,K.; Manz, M.; Merad, M.; Miyamoto, T.; Engleman, E. G.  et al. (2000).  Development of CD8 alpha-positive dendritic cells from a common myeloid progenitor. Sci., 290: 2152-2154.
Trejo, R. M.; Gonzalez, V. A.; Saldivar, I. Sanchez, B.; Lugo, Y.; Castellanos, J. L. et al. (2012). High frequency of concurrent JAK2V617F mutation and BCR/ABL fusion gene in a cohort (18/142)of Mexican patients with MPD. The 54th ASH Annual Meeting and Exposition, Atlanta, GA. December, 8-11, 2012.
Tsuruta, T.; Tani, K.; Hoshika, A. and Asano, S. (1999). Alkaline phosphatase, defensin gene expression and effect of myeloid cell growth factors in normal and leukemic cells. Leuk. Lymphoma, 32: 237-247.
Turgeon, M. L. (2012). Clinical Hematology: Theory and Procedures. Fifth ed. Lippincott Willams Wilkins, Baltimore. p. 363.
Udristioiu, A.; Iliescu, R. G.; Cojocaru, M. and Joanta, A. (2014). Alkaline phosphatase isoenzymes and leukocyte alkaline phosphatase score in patients with acute and chronic diseas: a brief review. Br. J. Med. Medical Res., 4:340-350.
Ugo, V.; Tondeur, S.; Menot, M. L. ; Bonnin, N. Le.; Gac, G.; Tonetti, C.; et al. (2010). Interlaboratory development and validation of a HRM method applied to the detection of JAK2 exon 12 mutations in polycythemia vera patients. PLoS one, 5:e8893
Ursuleac, I.; Colita, A. C.; Adam, T.;  Jardan, C.; Ilea, A.  and  Coriu, D. (2013). The concomitant occurrence of JAK2V617F mutation and BCR/ABL transcript with phenotypic expression: one overlapping myeloproliferative disoder or two distinct diseases? case report.
Van Etten, R. A. (2003). c-Abl regulation: a tail of tow lipids. Curr. Biol. 13, R608-R610
Van Hoof, V. O. and De Broe, M. E. (1994). Interpretation and clinical significance of alkaline phosphatatse isoenzyme patterns. Crit. Rev. Clin. Lab. Sci., 31: 197-293. 
Vander-Heiden, M. G.; Cantley, L. C. and Thompson, C. B. (2009). Understanding the Warburg effect: the metabolic requirements of cell proliferation. Sci., 324: 1029-1033.
Van-Dongen, E. A.; Macintyre, J. M.; Gabert, E. A.; Delabesse, E.; Rossi, V.; Saglio, G.  et al. (1999). Standardized RT-PCR analysis of fusion gene transcript from chromosome aberrations in acute leukemia for detection of minimal residual disease. Leukemia, 13: 1901-1928.
Vannucchi, A. M.; Pancrazzi, A.; Bogani, C.; Antonioli, E. and Guglielmelli, P. (2006). A quantitative assay for JAK2V617F mutation in myeloproliferative disorders by ARMS-PCR and capillary electrophoresis. Leukemia, 20: 1055-1060.
Vendramini, A. A.; De Labio, R. W.; Rasmussen, L. T. and Dos Reis, N. M. (2011). Interleukin-8-251T>A, interleukin-1α-889C>T and apolipoprotein e polymorphisms in Alzheimer's disease. Genet. Mol. Biol., 34:1-5.
Verfallie, C. M.  (1998). Biology of chronic myelogenous leukemia. Hematol Oncol., 12:1-29
Veronese, L.; Tchirkov, A.; Richard-Pebrel, C.;  Ledoux-Pilon, A.;     Fleury,  J.;  Chaleteix,  C.  et al.  (2010). A thrombocytosis occurring in philadelphia positive CML in molecular response to imatinib can reveal an underlying JAK2V617F myeloproliferative neoplasm. Leuk. Res., 34: e94-96.
Verstovsek, S.;  Silver, R. T.;  Cross, N. C.  and  Tefferi, A. (2006). JAK2V617F mutational frequency in polycythemia vera: 100%, >90%, less? Leukemia, 20: 2067.
Vigeneri, P. and  Wang, J. Y.  (2001). Induction of apoptosis in chronic myelogenous leukemia cells through nuclear entrapment of BCR-ABL tyrosine kinase. Nat. medicine, 7: 228-34.
Wang, X.;  Tripodi, J.;  Kremyanskaya, M.;  Blouin, A.;  Roda, P.; Hoffman, R.  et al. (2013). BCR-ABL1 is a secondary event after JAK2V617F in patients with polycythemia vera who develop chronic myeloid leukemia. Blood, 121: 1238-1239.
Wanger, M. J.;  Stacey, M. M.;  Liu, B. A.  and  Pawson, T. (2013). Molecular mechanisms of SH2- and PTB-domain containing proteins in receptor tyrosine kinase signaling. Cold Spring Harb. Perspect. Biol., 5:a0089887.
Wei, G.; Rafiyath, S. and Liu, D. (2010). First-line treatment for chronic myeloid leukemia: dasatinib, nilotinib, or imatinib. J. Hematol. Oncol., 3:47-56.
Weinberg, I.; Borohovitz, A.; Krichevsky, S.; Perlman, R. and Ben-Yehuda, A. and Ben-Yehuda, D. (2012). Janus Kinase mutation in cigatte smokers. Am. J. Hematol., 87: 5-8.
Wilks, A.; Harpur, A. G.; Kurban, R. R.; Ralp, S. J.; Zürcher, G. and  Ziemiecki, A. (1991). Two novel protein-tyrosine kinses, each with a second phosphotransferase-related catalyic domain, define a new class of protein kinase. Mol. Cell Biol., 11: 2057-2065.
Wojchowski, D. M.; Gregory, R. C.; Miller, C. P.; Pandit, A. K.  and Pircher, T. J. (1999). Signal transduction in the erythropoietin receptor system. Experim. Cell Res., 253: 143-156.
Wu, Z.; Yuan, H.; Zhang, X.; Liu, W.; Xu, J.; Zhang, W. et al. (2011). Development and inter-laboratory validation of unlabled probe melting curve analysis for detection of JAK2V617F mutation in polycythemia vera. PLos ONE. 6: e26534.
Xu, W.; Harrison, S. C.  and  Eck,  M. J. (1997). Three-dimensional structure of the tyrosine kinase c-Src. Nature, vol. 385: 595–602.
Xie, S.;  Wang , Y.;  Liu, J.;  Sun, T.;  Wilson,  M. B.;  Smithgall , T. E.              et al.  (2001). Involvement of Jak2 tyrosine phosphorylation in Bcr-Abl transformation. Oncogene, 20: 6188-6195.
Xu, X.;  Zhang, Q.;  Luo, J.;   Xing, S.H.;  Li, Q.;  Krantz, S.P.                    et al. (2006). JAK2V617F: prevalence in a large Chinese hospital population. Blood, 109: 339-342.
Xu, W.; Chen, B.  and  Tong, X. (2014). Chronic myeloid leukemia patient with co-occurrence of BCR-ABL junction and JAK2V617F mutation. Int. J. Hematol., 99: 88-90
Yokus, O.;  Kurnaz, F.;  Balcik, O. S.;  Uz, B.  and  Albeyrak, M. (2010). Coexitance of JAK2V617F mutation and BCR/ABL tranlocation in one patien. J. Clin. Experim. Invest., 1: 138-140.
Yoo, K.; Tajima, K.; Park, S.; Kang, D.; Kim, S.; et al. (2001) Postmenopausal obesity as a breast cancer risk factor according to estrogen and progesterone receptor status (Japan). Cancer Lett. 167: 57-63. 
Zahra, M. K.;  El-Fadaly, N. H.;  Aboul-Enein, K. M.;  Elgamal, B. M.;  Amira,  Y.;   El-Naby, A.  et al.  (2012). JAK2V617F mutation and BCR-ABL rearrangement in chronic myeloproliferative neoplasms. Life Sci. J., 9: 403-413.
Zhang, X.;  Subrahmanyam, R.; Wong, R.;  Gross, A.W.  and   Ren, R. (2001). The NH(2) terminal coiled-coil domain and tyrosine 177 play important roles in the induction of myeloproliferative disease in mice by Bcr-Abl. Mol. Cell. Biol., 21:840-853.
Zhang, X.; Hu, T.; Wu, Z.; Kang, Z.; Liu, W. and Guan, M. (2012). The JAK2 46/1 haplotype is a risk factor for myeloproliferative neoplasms in Chinese patients. Int. J. Hematol., Doi:10.1007/s12185-012-1169-8.
Zhao,  R.;  Xing, S.;  Li, Z.;  Fu,  X.;  Li,  Q.; Krantz, S. B. et al.  (2005) Identification of an acquired JAK2 mutation in polycythemia vera.      J. Biol. Chem. 280: 22788-22792.


6039
JAK2V617-positive	JAK2V617-negative	9042	6039	
WBC count

JAK2V617F-positive	Jak2V617F-negative	146.05000000000001	64.45	
ALP Conc. IU/L



JAK2V617F-positive	JAK2V617F-negative	204	178.33	
LDH conc. IU/L

image4.png




image5.png
P i L T

, ]\ f‘;lg
e &
PN

y

’ gl gna

N/ N/ N/ N7\,
1

A




image6.png
Plasma Platelets

Lymphocytes
Ficoll-Paque PLUS

Granulocytes
Erythrocytes





image7.png
© JAK? 18496 (wild type) Standard DA © JAK? 18497 (mutant type) Standard DA

std 1
std2 X
std 3N
JAK2 V617F
std4
signal N\ Y

“The standard DNA supplied withthe Kt contans both wid type and mutant type forms in S concentrations each (1x10% ~
1x107 copyirxn) to generate a standard curve.




image8.png




image9.png
The automatic analysis software wil calculte the amount of mutations detected based on the standard curve and display the
rato of mutanttype (1849T) versus wid type (1843G).




image10.png
jrve

&= \NEY





image11.png
H

2

B2BFRIBBIITIIY

Sample ID CT

MTPC
NTC
MTPC
STDL
STD2

Resut  JAK_2 Mutant tyJAK_2 Mutant JAK_2 MutantJAK_2 Mutant Resut

Valid
Valid
Valid
Valid
Valid
Valid
Valid
Valid
Valid
Valid
Valid
Valid
Valid
Valid
Valid
Valid
Valid
Valid
Valid
Vald

"40.47
Undetermined

716.51

735.01

73232

728.21

721.26

736.73

739.62

735.51

735.45

T41.14

737

736.01

"41.79

739.97

"41.94
Undetermined
Undetermined

740.91

73.87E+00
7 1.68E+07
7 1.00E+02
7 1.00E+03
7 1.00E+04
7 1.00E+06
7 4.21E+01
76.66E+00
79.16E+01
79.52E+01
7 2.52€+00
73.54E+01
76.66E+01
7 1.67E+00
75.32E+00
"1.52E+00

72.92E+00

71.94E+02

78.41E+08

72.10E+03
73.33E+02
74.58E+03
7 4.76E+03
71.26E+02
T1.77E+03
73.33E+03
78.34E+01
7 2.66E+02
77.58E+01

71.46E+02

71.94E+02

78.41E+08

72.10E+03
73.33E+02
74.58E+03
7 4.76E+03
71.26E+02
T1.77E+03
73.33E+03
78.34E+01
7 2.66E+02
77.58E+01

71.46E+02

Negative
Vald
Postive
Vald
Vald
Vald
Vald
Postive
Negative
Postive
Postive
Negative
Postive
Postive
Negative
Negative
Negative
Negative
Negative
Negative




image12.png
Well

pom2Rz

BI020BLES0IBRRBREE

STDS
Sample01” 0
Sample02” 0
Sample03”o
Sample04” 0
Sample0s” 0
‘Sample0s” 0
Sample07” 0
Sample0s” 0
Sample0s” 0
Sample10”0
Sample11”0
Sample12”0
sample13”0
Sample14”0
‘Sample15”0

Result

Valid
Valid
Valid
Valid
Valid
Valid
Valid
Valid
Valid
Valid
Valid
Valid
Valid
Valid
Valid
Valid
Valid
Valid
Valid
Valid
Valid
Valid

JAK_2 Wilc JAK_2 Wilc JAK_2 Wilc JAK_2 Wilc Result

Undeterm - - -

2077
"36.91
"35.7

73181
"27.28
"23.96
"27.34
"22.16
"26.45
72524
"27.01
"20.43
"26.8

"10.88
"24.99
"22.85
"23.87
"24.41
72514
"24.19
72637

75.456+06 75.45E+08”5.45E+08.
7100402 - -

71008403 - -

71008404 - -

71008405 - -

71.00E+06 - -

71.236+05 712364077 1.23E+07
72.44E+06 7 2.44E+08 2.44E+08.
72.056+05 7 2.05E+07 7 2.05E+07.
74.126+05 741264077 4.12E+07
71.326+05 713264077 1.32E+07.
73.676+04 73.67E+063.67E+06.
71.68E+05 7 1.68E+07 " 1.68E+07
70.11E+06 79.11E+08 9. 11E+08.
74.766+05 74.76E+07 " 4.76E+07
71.64E+06 " 1.64E+08 " 1.64E+08.
79.106+0579.106+07 9. 10E+07.
76.66E+056.66E+07”6.66E+07
74.376+05 743764077 4.37E+07
77.566+05 7 7.56E+07 " 7.56E+07.
72156405 " 2.156+07 " 2.15E+07

Valid
Positive
Invalid
Valid
Valid
Valid
Valid
Positive
Positive
Positive
Positive
Positive
Positive
Positive
Positive
Positive
Positive
Positive
Positive
Positive
Positive
Positive




image13.png
Sample Wiid type Concentration Mutant type Concentration Total Concentration Counted Mutant ratio(%

Wid Control  ”23805400.14 r3.87 o o
Mutant Control 70 716828006.19 1 r100
Sample0l  "1496068.15 r42.07 0 "0
Sample02  "579552.63 76.66 o o
Sample03  "464708.51 i o o
Sample04  "283653.75 i o o
Sample05  "296848.72 7o o o
Sample0s  "76873.71 79162 o 012
Sample07  "438320.81 795.19 o r0.02
Sample08  "87538.04 r2.52 o "0
Sample0S  "17145.05 7o o o
Samplel0  "60450.9 o o o
Samplell  "38116.71 73541 o r0.09
Sample12  "203666.76 766.6 o r0.03
Sample13  "35052.32 r167 o "0
Samplel4  "57763.85 7o o o
Samplels  "65777.16 i o o
Samplels  "557400.29 75.32 o o
Samplel7  "65777.16 7o o o
Samplels  "4041141 i o o
Samplels  "9250.15 7o o o
Sample20  "14203.95 152 o r0.01
Sample21  "162250.84 7o o "0
Sample22  "432663.43 i o o
Sample23  "81501.65 i o o
Sample24  "62853.35 r2.92 o o
Sample2s  "24827.49 7o o o
Sample2s  "21243.69 i o o
Sample27  "42291.26 i o o

Sample28  "22965.79 "o 1) 1)




image14.png




image1.png
F>IMIT—DIMT
mcwo—— Door®m

=m-on

VOH—-ZmMOO DT

TOVICOMT T

Mulipotent progenitor
hematopoietic stem cell

Common
myeloid progenitor

Y

Granulocyte-monocyte
progenttor

Eosinophil-basophil

progenitor
L

Mmmui mmum wmum mmmm

@

Promyelocyle Prwnmmyte Promyelocyte Promyelocyte | Basophilc  Promegakaryocyle
| nomobiast
. |
|
Myelocyte Eosinophilic  Basophilc | Poiychromatic
myelocyte  myelocyte | normoblast
| Megaaryocyte
|
|
Metamyelocyte :
Eosnopnile Basopnilc | Orhoctromic
‘meta- meta- |
myslocyte  myelogyte | "Rt
|
? .
Band |
| Polychromatic
Basophiic | enythrocyte
Eoshope %hand | (etcuoorte)
|
|
|
|
Segmented Momx:yle Eosinophil  Basophil | Erythrocyte Platelets
neutrophil @ ‘ ° ! 5
|
© !
Y
Macmpnzge Mast cell

©ov®

©

7

®

Pmm oblast Megkarymhs\ B lymphoblast T lymphoblast

Y Y
Blymphocyte T lymphocyte

@ ©





image2.png
MPD Activating

mutation
Mast —p Systemic KITD8I6V
cell mastocytosis FIPILI-PDGFRA
Red —— | Polycythaemial JAK2V6I7F
blood cells vera JAK2 Exon 12
Platelets —— | Essential JAK2VEI7F
°o° oge thrombo- MPLWSI5L/K
g0 cythaemia
Eosinophils——Chronic FIPILI-PDGFRA
eosinophilic
Myeloid leukemia
progenitor
Neutrophils (Chronic myeloid BCR-ABL
\ lanzawe TEL-PDGFRB
Chronic BCR-PDGFRA
myelomonocytic  TEL—JAK2
/ leukaemia other fusion TKs
Primary JAK2V6I7F
B Monocytes myelofibrosis MPLWS5I5L/K





image3.png
ABL

mBCR M:BCR L-BCR

[af [e2 [a3 [e& [a5 [a6 [a7 [a8 [a9 [at0 [am1 |

bat
b2a2
| IR
e1022
[e17 e Tewo [22 [a3 |
122
13
b2a3




