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Abstract 

Background: Janus kinase 2 (JAK2) is a tyrosine kinase located in the cytoplasm that plays a critical role in the 

signal transduction of cytokines and growth hormones. The conversion of valine to phenylalanine at the 

polypeptide position 617 results in the JAK2 (V617F) mutation, which often found in patients with 

myeloproliferative neoplasms (MPNs). As a result of this mutation, JAK2 is constitutively activated leading to 

uncontrolled cell growth. The present study aimed to investigate the frequency and relationship of the JAK2 

(V617F) mutation in a population of patients with MPNs in Iran.  

Methods: A total of 213 patients with myeloproliferative diseases (MPDs), were included in the study. Real-time 

PCR was used to detect the presence of the JAK2 (V617F) mutation in the genomic DNA isolated from patient 

peripheral blood samples. 

Results:  Of the 213 patients with MPDs, approximately 60 (28%) patients were positive for the JAK2 

(V617F) mutation. Polycythemia Vera (PV, 42.11%) was the most common MPD, followed by Essential 

Thrombocythemia (ET, 29.82%), Primary Myelofibrosis (MF, 12.28%), and Chronic Myeloid 

Leukemia (CML, 10.5%). A significant relationship between all types of MPDs and the clinical course (p< 

0.05) was observed. The relationship between age and gender among all types of MPD disease was not 

significant (p> 0.05). 

Conclusions: Of the examined cohort in North Eastern Iran, 28% of the patients with MPNs were found to have 

the JAK2 (V617F) mutation which determining the presence of the JAK2 (V617F) mutation helps to decide the 

correct form of treatment. 

 

Keywords: AK2 (V617F), JAK-STAT pathway, MPD Real-Time PCR, Treatment. 

 

Introduction 
Myeloproliferative diseases (MPDs) are clonal stem 

cell disorders characterized by the presence of 

leukocytosis, thrombocytosis, erythrocytosis, an 

enlarged spleen, and multicellular bone marrow. In 

MPD, stem cells do not respond to the control

 

 

mechanisms of hematopoietic cells. In vitro 

examination of stem cells has shown that cells 

cultured in serum without exogenous cytokines, 

cause continue to grow and develop clonal 

properties. This technique has become a standard
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 method in diagnosis of MPD. Mutations in the 

JAK2, CALR, and MPL genes are commonly found 

in individuals with MPDs, of which the mutation in 

the JAK 2 gene is the most significant (1). The 

different MPDs include Polycythemia Vera (PV), 

Essential Thrombocytosis (ET), Chronic Idiopathic 

Myelofibrosis (IMF), and Chronic Myelogenous 

Leukemia (CML), which are classified based on 

the dominant cell type with abnormally high 

growth and proliferation. The discovery of the 

presence of the JAK2 (V617F) mutation in MPNs 

was an important advancement in the 

understanding MPD pathogenesis (2). 

The JAK2 gene is located on chromosome 9 at 

position (P249) and is a member of the JAK family 

of tyrosine kinases. The JAK2 tyrosine kinase is 

located within the cytoplasm and holds an 

important role in the signal transduction of 

cytokines by growth hormones. The JAK2 

(V617F) mutation is an acquired, somatic mutation 

caused by a guanine to thymine (G to T) 

transversion at nucleotide 1849 in exon 14, which 

results in the conversion of the amino acid valine 

to phenylalanine at polypeptide chain position 617 

(V617F). The mutation is located in the second 

pseudo-kinase JH 2 from JAK2, involved in 

limiting kinase activity. These changes result in 

constitutive JAK2 activation, increasing sensitivity 

to erythropoietin (EPO) and enabling growth 

independent of growth factors (3). Receptors for 

growth hormone, prolactin, EPO, and cytokines 

are devoid of intrinsic tyrosine kinase activity. 

Cytokine receptors have associated cytosolic 

tyrosine kinases, such as JAK, bound to their 

cytoplasmic region. The binding of cytokines to 

the extracellular region of their respective receptors 

results in receptor dimerization, facilitating the 

trans-phosphorylation of the associated JAKs. 

JAK dimers phosphorylate the subunits of other 

cytokine receptors in the tyrosine roots. These 

phosphorylation units then act as identification 

sites for binding other signaling proteins to the 

interaction regions of Src Homology Type 2 

(SH2). JAK dimers in turn lead to the 

phosphorylation and dimerization of monomer 

proteins of Signal Transducers and Activators of 

Transcription (STAT). The activated STAT 

dimers travel to the nucleus and stimulate gene 

expression. As a result of the JAK2 (V617F) 

mutation, JAK2 is permanently activated leading to 

uncontrolled cell growth in the absence of growth 

hormones (4،5). The SOSC and CBL proteins 

normally degrade JAK2 via protein ubiquitination 

preventing continued signal transduction. The 

JAK2 (V617F) mutation makes the JAK2 protein 

resistant to degradation by the SOSC and CBL 

proteins. The use of JAK inhibitors disables the 

JAK-STAT pathway, preventing gene 

transcription and expression (2, 6-8).The JAK2 

(V617F) mutation is commonly found in patients 

with MPD, negative for the Breakpoint Cluster 

Region-Abelson Leukemia (BCR-ABL) mutation 

(9). Due to the lack of research evaluating the 

presence and role of the JAK2 (V617F) mutation 

in the population of North Eastern Iran and its 

importance in the diagnosis of MPDs, the present 

study was conducted to investigate this relationship 

and the impact of treatment intervention.  

 

Materials and methods 
This study was performed in the North East of Iran. 

A total of 213 patients referred to Pardis 

Laboratory of Mashhad from 2009-20017 with 

symptoms of MPD were included in the study. 

Patients were screened for the JAK2 (V617F) 

mutation. Questionnaire forms were given to 

patients determined to have the JAK2 (V617F) 

mutation and diagnosed by a physician with MPD. 

In this questionnaire, the history, symptoms of 

disease, medication, bone marrow biopsies and 

tests performed were evaluated. Peripheral whole 

blood samples were isolated from patients in a non-

fasting state, a total of 3 mL were collected. Blood 

was collected in sterile tubes containing EDTA 

anticoagulant. According to the protocol kit, the 

High Pure PCR Template Preparation 

Kit Germany (from ROCHE) with Cat # 

11796828001 was extracted using proteinase 

method. DNA was extracted from 200 μl of blood 

and dissolved in 50 μl Elution Buffer. The presence 

of the JAK2 (V617F) mutation was evaluated by 

Real Time PCR method using the Novin Gene kit. 

The detection sensitivity of this kit is equivalent to 

0.1% or one per thousand. For example, if only one 

out of a thousand white blood cells have the JAK2 

(V617F) mutation, it will be diagnosed in 95% of 

cases. In this experiment, the patient DNA samples 

were examined with several controls including 
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positive and negative controls for the JAK2 

(V617F) mutation. The results were evaluated with 

the help of Applied Biosystems (ABI) Step One 

Plus Machine Real-Time PCR software V 7.7.   

Following the confirmation of the JAK2 (V617F) 

mutation, the patients began their course of 

treatment. Six months after starting treatment, we 

contacted patients and learned about the effect of 

the administered drug on improving the disease. 

Data analysis was performed using SPSS software. 

 
Table 1. Characteristics and clinical course of the 60 patients with the JAK2 (V617F) mutation. 

 Number Percent 

Sex: male/female 31/29 51.7/48.3 

Age: mean (Range) 58.35 (20-80)  

Diagnosis:   

PV/ET/MF/CML/AML/ET or MF 24/17/7/6/1/2 42/29/12/10/1/3 

Treatments:   

Phlebotomy 2 3.3 

Hydroxyurea 23 46.7 

Drug/bone marrow transplant 1 1.7 

Drug/phlebotomy 3 5 

Drug/chemotherapy 1 1.7 

Leech therapy 1 1.7 

chemotherapy 2 3.3 

History available: +/- 2/35 3.3/58.3 

Condition available: died/under treatment 9/31 15/51.7 

*PV: Polycythemia Vera, ET: Essential Thrombocytosis, MF: Idiopathic Myelofibrosis, CML: Chronic Myelogenous Leukemia, 

AML: Acute Myelocytic Leukemia. 

 

Results  
In this study, 213 patients diagnosed with a form of 

MPD in the North East of Iran were examined. Of 

the patients included in this study, 60 (28%) were 

found to have the JAK2 (V617F) mutation. Data 

analysis was conducted in two descriptive and 

analytic sections. According to the descriptive 

analysis (Table 1), the mean age of patients was 58 

years with the overall age ranging from 20-88 

years old. Of the patients with the JAK2 (V617F) 

mutation, 29 (48.3%) were women and 31 (51.7%) 

were men. Among the different types of MPD, 24 

patients (42.11%) had Polycythemia Vera (PV), 17 

patients (29.82%) were diagnosed with Essential 

Thrombocythemia (ET), 7 patients (12.28%) with 

Primary Myelofibrosis (PMF), and 6 patients 

(10.5%) with Chronic Myeloid Leukemia (CML). 

Only 1 (1.75%) of the patients with the JAK2 

(V617F) mutation was diagnosed with Acute 

Myelocytic Leukemia (AML). It should be noted 

that 2 (3.5%) of the 60 patients with the JAK2 

(V617F) mutation had problems due to insufficient 

patient history of ET/MF diagnosis, and further 

examinations and testing was required. 

Discussion 
Various studies have been conducted within Iran 

and abroad examining the role of the JAK2 

(V617F) mutation in patients with MPDs. Bagheri 

et al. examined the presence of the tyrosine kinase 

JAK2 (V617F) mutation in patients diagnosed with 

BCR/ABL-negative chronic MPD in the province 

of West Azerbaijan. In this study, the frequency of 

the JAK2 (V617F) mutation was determined to be 

76.74%, indicating that this mutation is present in 

the majority of Iranian West Azerbaijani patients 

with BCR/ABL-negative chronic MPDs. 

Identifying the presence of the JAK2 (V617F) 

mutation is an important aspect in determining the 

course of treatment for patients with MPD. 

Considering that the prevalence of this mutation in 

the North Eastern population of Iran has not been 

evaluated and that the presence of the JAK2 

(V617F) mutation can influence treatment, we 

explored this issue here (10). 

Previous research by Langabeer et al. indicated 

that the JAK2 (V617F) mutation was the major 

diagnostic criterion for MPNs, such as PV, ET, and 

PMF. Moreover, this mutation has also been 
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observed in other myeloid malignancies such as 

acute myelogenous leukemia, myelodysplastic 

syndrome and thrombocytopenia (11). 

Bhagwat et al. examined the effect of targeting 

JAK2 via JAK inhibitors and JAK2 deletions on the 

disease progression of MPN. Their findings 

revealed that blocking or eliminating JAK2 

function significantly reduced disease burden. 

Their findings suggest that identifying the presence 

of the JAK2 (V617F) mutation was not only of 

diagnostic importance, but also a major target 

involved in the successful treatment of chronic 

MPNs via JAK/STAT pathway inhibitors (3). The 

results of this study were consistent previous 

studies, indicating that the different forms of MPD 

positive for the JAK2 (V617F) mutation was most 

frequently found in PV, followed by ET and PMF, 

and least commonly CML. Our findings showed 

that the best treatment method for the patients of 

was the use of hydroxyurea and most of them were 

satisfied with the drug and immediately began the 

treatment process after the disease diagnosis and 

the disease was controlled. In addition to 

medication, 5% of patients received phlebotomy 

every two months. Due to hydroxyurea sensitivity, 

one of the patients receiving treatment used the 

alternative traditional medicine method of leech 

therapy 3 times a year. The patient indicated an 

improvement of symptoms associated with PV. In 

this study, only 3% of the patients had a history of 

blood diseases. In the remaining patients there was 

no history of blood disorders in their families or 

relatives, which indicated the acquisition of the 

JAK2 (V617F) mutation. Of the patients in this 

study, 15% with the JAK2 (V617F) mutation died 

and the remaining patients continued with 

treatment. The relationship between various types 

of MPDs and patient status was investigated. 

Given that the patients treated in a variety of MPDs 

were more than the people who died, it can be 

concluded that there was a significant relationship 

(p< 0.05) between the different forms of MPD 

and the status of the patients. Consequently, 

treatment had a significant role in the survival of 

patients with the JAK2 (V617F) mutation. The 

relationship between gender and age with respect 

to the different MPDs was examined. No 

statistically significant relationship was found (p> 

0.05). This suggests that the presence of the JAK2 

(V617F) mutation in patients did not depend on 

gender and age, and the mutation was completely 

acquired. The JAK2 (V617F) mutation has been 

shown to be an accurate diagnostic indicator for 

MPDs in people found to be BCR/ABL-negative. 

This information was confirmed by the Clinical 

Advisory Committee for Review of the World 

Health Organization's classification for myeloid 

neoplasms and its approval is recommended by 

the World Health Organization (WHO) (12). 

Due to the frequency of the JAK2 (V617F) 

mutation (28%) in various MPDs in patients 

from North East Iran and the significant 

relationship between MPDs and patient status, 

we conclude that the presence of the JAK2 

(M617F) mutation is an important diagnostic 

indictor for patients with PV, ET, PMF, and 

CML. Additionally, identifying the presence of 

the JAK2 (V617F) mutation is not only 

diagnostically important, but also important in 

determining the treatment and treatment 

outcome of MPD using JAK/STAT pathway 

inhibitors (3, 13).  
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