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Abstract: Background and objectives: Detection of chromosomal abnormalities in myeloproliferative disorders 
is important for proper diagnosis of these disorders. This study has investigated the presence of JAK2 mutation 
(V617F) in Egyptian patients with myeloproliferative disorders referred to National Cancer institute, Cairo University. 
Methods: The study involved 110 cases of Philadelphia negative Myeloproliferative diseases (MPDs), 70 cases with 
Polycythemia Vera (PV), 24 cases with Essential Thrombocytosis (ET) and 16 cases with Idiopathic Myelofibrosis 
(IMF) and 20 cases as a control group which represented as; (10 cases with secondary erythrocytosis, 1 case with 
reactive thrombocytosis, 4 cases as normal control and 5 as Philadelphia positive Chronic Myeloid Leukemia cases), 
they were collected from National Cancer Institute (NCI) over 3 years. We used ARMS technique for mutation detec-
tion. Results: The frequency of the V617F JAK2 mutation was highest in patients with PV where 56 out of 70 cases 
(80%) carried the mutation, followed by ET with 6 of 24 (25) and IMF with 2 of 16 (12.5%) . None of the cases with 
secondary Erythrocytosis, reactive thrombocytosis, the normal controls or Philadelphia positive CML cases carried 
the mutation. Conclusions: Our results are concordant with international published results for detection of this mu-
tation. It is unequivocal now that V617F is met in many MPDs especially PRV. Finding this mutation in those patients 
is thought to have a big impact on the diagnosis and treatment of these disorders.
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Introduction

Myeloproliferative disorders (MPDs) are a group 
of disorders characterized by clonal prolifera-
tion of one or more types of cells of myeloid 
series [1]. In these disorders, bone marrow 
shows increased numbers of progenitor cells of 
myeloid lineages while peripheral blood shows 
increased number of immature and mature 
cells accompanying with chance for potential 
transformation into AML [2, 3].

Traditionally, MPDs were used to be classified 
into the “classic” and “atypical” categories. 
Classic category includes chronic myelogenous 
leukemia, polycythemia Vera (PV), essential 
thrombocythemia (ET) and chronic idiopathic 
myelofibrosis (CIM). The WHO has introduced a 

classification for MPDs in 2008. According to 
this classification, MPDs include chronic 
myeloid leukemia (CML), polycythemia Vera 
(PV), essential thrombocythemia (ET) and idio-
pathic myelofibrosis (IMF). In addition to some 
uncommon types as chronic neutrophilic leuke-
mia (CNL), hypereosinophilic syndrome (HES) 
and chronic eosinophilic leukemia (CEL) [4]. 

This classification is based mainly on the pre-
dominant myeloid cell lineage expanded in the 
blood. PV is characterized by excessive produc-
tion of erythrocytes, increased red cell mass as 
well as splenomegaly due to extramedullary 
hematopoiesis [5]. High platelet count is neces-
sary in ET together with susceptibility for throm-
bosis and hemorrhage [6]. Finally Idiopathic 
myelofibrosis (IMF) shows bone marrow fibro-
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sis, variable count of cells of myeloid series and 
hepatosplenomegaly [3].

According to WHO 2008 classification, the hall-
mark of chronic myelogenous leukemia (CML) 
is the presence of a t (9; 22) BCR-ABL1 fusion 
genes in cells of myeloid series which is pres-
ent in about 90% of patients [7]. This mutation 
is detected by standard cytogenetic analysis in 
95% and can be detected by more sophisticat-
ed methods (as FISH and RT-PCR) in the remain-
ing 5% of cases [8]. Lack of specific diagnostic 
molecular markers for other typical MPDS rep-
resented a major problem over years. So, diag-
nosis depended on clinical and pathological 
features together with exclusion of other spe-
cific genetic abnormalities such as BCR-ABL1 
fusion [9].

The Janus kinase/signal transducers and acti-
vators of transcription (JAK)/(STAT) pathway 
perform an essential role in the initiation of sig-
nal transduction. The presence of JAK2 is 
essential for normal hematopoiesis. This fact 
has been confirmed by defects in erythropoie-
sis which appeared in JAK2 deficient mice [10]. 
JAK2 is composed of two main domains, the 
first is an enzymatically active kinase domain 
(JAK homology 1 [JH1]) and a catalytically inac-
tive pseudokinase domain (JH2). The JH2 
domain plays an inhibitory role that generally 
inhibits the kinase activity of JAK2 [11].

In 2005, Janus kinase JAK2 mutation was dis-
covered in some myeloproliferative disorders. 
The discovery of this mutation was represented 
a great progress in the understanding of BCR-
ABL negative myeloproliferative disorders [12]. 
The most common mutation of JAK2 is a substi-
tution of valine with phenylalanine at position 
617 in the JH2 domain [13], which affects the 
function of the inhibitory pseudokinase JH2 
domain causing an increased activity of pro-
genitor cells of myeloid origin and excessive 
production of mature cells of myeloid origin [12, 
14]. Less commonly are mutations in exon 12, 
beside JAK2 mutation has been suspected to 
have a role in the development of AML in a sin-
gle case report [15].

The presence of JAK2V617F mutation in hema-
topoietic cells causes hypersensitivity to cyto-
kines and factor independent growth [15]. The 
presence of the erythropoietin, thrombopoietin 
or granulocyte-colony stimulating factor re- 

ceptor/s is essential for this mutation to work, 
leading to functional hyperactivity and 
increased sensitivity for hematopoietic growth 
factor such as interleukin 3 (IL-3), stem cell fac-
tor (SCF), granulocyte-macrophage colony-
stimulating factor (GM-CSF) and insulin-like 
growth factor-1 (IGF-1) [11, 16-18].

The aim of work is to study the frequency of 
JAK2V617F mutation in Egyptian patients with 
myeloproliferative disorders were referred to 
National Cancer institute, Cairo University.

Patients and methods

Patients

Study subjects were recruited from outpatient 
clinic patients coming to National Cancer 
Institute, Cairo University. The study group was 
composed of 110 cases of Philadelphia nega-
tive myeloproliferative diseases (MPDs), 70 
cases with polycythemia Vera (PV), 24 cases 
with essential thrombocytosis (ET), 16 cases 
with idiopathic myelofibrosis (IMF) and 20 con-
trol group divided as follow; 10 cases with 2ry 
erythrocytosis, 1 case with 2ry thrombocytosis, 
4 cases as normal control and 5 cases as 
Philadelphia positive chronic myeloid leukemia 
(CML), collected from National Cancer Institute 
(NCI), Cairo University within 3 years.

General examination

All cases were subjected to: Complete clinical 
examination, complete blood counts and differ-
ential counts with microscopic examination of 
the peripheral smear, bone marrow aspirate, 
bone marrow biopsy and leukocyte alkaline 
phosphatase (LAP) score. Polymerase chain 
reaction (PCR) or fluorescent in-situ hybridiza-
tion (FISH) runs on peripheral blood to exclude 
BCR-ABL gene rearrangement and red blood 
cell mass study to differentiate true from spuri-
ous polycythemia).

JAK2V617F detection 

DNA extraction using salting out method, DNA 
was extracted by standard procedures after 
isolation of total leukocytes from peripheral 
blood following red cell lysis. Patients and con-
trols were genotyped according to Jones et al., 
2005 [2], (DNA tetra-primer ARMS assay) which 
was proven to be the most sensitive method for 
detection of the desired mutation. The sensitiv-
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ity of ARMS technique was found to be 1% to 
2%. Two primer pairs used to specifically ampli-
fy the normal and mutant sequences plus a 
positive control band in a single reaction. PCR 
primers were: forward outer (FO), 5_-TCCT- 
CAGAACGTTGATGGCAG-3_; reverse outer (RO), 
5_-ATTGCTTTCCTTTTTCACAAGAT-3_; forward 
wild-type-specific (Fwt), 5_-GCATTTGGTTTTA- 
AATTATGGAGTATaTG-3_; reverse-mutant-specif-
ic (Rmt), 5_-GTTTTACTTACTCTCGTCTCCACA- 
aAA-3_. Amplifications were performed for 30 
cycles with Hot Start Taq polymerase (Qiagen, 
Crawley, United Kingdom), an annealing tem-
perature of 60°C, 25-100 ng genomic DNA, 
and standard amplification conditions, except 
that the final concentrations of the outer prim-
ers and the mutant/wild-type-specific inner 
primers were 1 µM and 0.5 µM, respectively. 
Products were resolved on 2% agarose gels 
and visualized after staining with ethidium bro-
mide. Primers FO and RO flank JAK2 exon 12 
and should generate a control 463-bp band in 
all cases. Primers Fwt and RO generate a 229-
bp wild-type (2343G)-specific product and 
primers FO and Rmt generate a 279-bp mutant 
(2343T)-specific product.

Statistical analysis

Statistical Package of GraphPad Prism 5 pro-
gram was used for analysis of data. Data was 

summarized as mean ± SE. Comparison 
between groups was carried out using one way 
analysis of variance (ANOVA). If P values were 
significant, Tukey-Kramer multiple comparison 
test was used. The level of significance was 
accepted at P < 0.05.

Results

The frequency of the V617F JAK2 mutation was 
highest in polycythemia vera (PV) group, in 
which 56 of 70 cases (80%) cases carried the 
mutation, followed by essential thrombocytosis 
(ET) with 6 of 24 (25%) and idiopathic myelofi-
brosis (IMF) with 2 of 16 (12.5%) (Figure 1). 
None of the cases with secondary erythrocyto-
sis or thrombocytosis or the normal controls, or 
Philadelphia positive CML carried the mutation. 
Those results are compatible with international 
published results for detection of this 
mutation.

Discussion

The most important frequent mutation in the 
BCR-ABL1-negative MPDs is the detection of 
the JAK2V617F mutation, especially in polycy-
themia vera (PV) [12]. Mutations in exon 12 of 
JAK2 has been also detected in one third of 
V617F-negative PV cases. This mutation is also 
present in some cases with an apparently iso-
lated erythrocytosis [3]. Detection of JAK2 
V617F mutation in patients with MPDS has 
emboldened researchers to develop inhibitors 
that target JAK2 in those patients [19].

Our results are similar to the vast majority of 
other studies especially for PRV. However the 
frequency of V617F mutation was lower in 
cases of IMF and to a lesser extent in ET in our 
study than other researches. This may be expli-
cated by the small number of cases of IMF in 
our study.

In comparison of our results, Horn et al., 2006 
[20] detected V617F JAK2 mutation in 27 of 28 
(96%) cases of polycythemia vera (PV), 17 of 23 
(74%) cases of essential thrombocytosis (ET) 
and 28 of 45 (62%) cases of idiopathic 
myelofibrosis(IMF) using both allele specific 
multiplex polymerase chain reaction (PCR) and 
nested polymerase chain reaction (PCR). Also 
Kralovics et al., 2005 [21] detected V617F 
JAK2 mutation in 83 of 128 (65%)cases of poly-
cythemia vera (PV), 21 of 93 (23%) cases of 
essential thrombocytosis (ET) and 13 of 23 

Figure 1. PCR amplification of Jack 2 cases and con-
trol.
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(57%) of idiopathic myelofibrosis using micro-
satellite mapping of the 9 pLOH region that 
included the Janus Kinase 2 (JAK2) gene and 
DNA sequencing. Fantasia et al., 2014 [22] 
detected JAK2V617F mutation in 22/22 PV 
(100%), 29/38 ET (76.3%), and 5/9 PMF cases 
(55.5%) respectively, using a highly specific 
q-RT-PCR assay. Difference in the results is 
most probably due to differences in the used 
techniques that causing differences in the sen-
sitivity of V617F detection in various laborato-
ries [2].

In concomitant with our results vast majority of 
literatures detect V617F JAK 2 mutation in 65 
to 97% of patients with polycythemia Vera (PV), 
23 of 57% of those with essential thrombocyto-
sis (ET) and 30 to 57% of idiopathic myelofibro-
sis. V617F JAK 2 mutation is absent in normal 
individuals, in patients with chronic myeloid 
leukemia (CML) or in patients with secondary 
erythrocytosis and thrombocytosis [2, 13, 23, 
24].

There is a growing evidence for the presence of 
JAK2 V617F mutation in disorders other than 
MPDs. In a study performed on large Chinese 
hospital population, JAK2 V617F mutation was 
detected in 37 samples from a total of 3935 
cases. This result was surprising since blood 
tests of only one case of those positive sam-
ples was suggestive of PV. Such results are 
suggestive of the presence of the mutation in 
other disorders that do not fulfill the full criteria 
of MPDs [25].

Conclusion

JAK2 mutation detection is now integrated in 
the diagnosis of MPDs. In this study, we investi-
gated the presence of JAK2 (V617F) mutation 
in Egyptian patients with MPDs and our results 
are comparable to published literature in the 
topic. Detection of exon 12 mutation in JAK2 
(V617F) negative patients suspected with dif-
ferent MPDs is recommended, JAK2 mutation 
may be also present in disorders other than 
MPDs such as; different hypercoagulable 
states. Investigation for the presence of this 
mutation may be useful for detection of occult 
MPDs and early interference and treatment.
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