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ABSTRACT

Myeloproliferative neoplasm (MPN) is a group of various chronic myeloid cancers. According
to the 2008 WHO recommendation, JAK2V617F mutation is a major diagnostic criterion for
these diseases, particularly the Philadelphia chromosome-negative MPN (Ph- MPN).
Prevalence of such mutation, however, has been reported differently in numbers based on a
study population; never before in Thais. This study aims to explore the prevalence of
JAK2V617F mutation in Thai MPN patients and examine its correlation to clinical features. 103
individuals diagnosed MPN after the 2008 WHO recommendation were recruited: 96
Philadelphia-negative MPN and 7 CML. Blood samples were taken for DNA isolation.
JAK2V617F detection was examined using AS-PCR and PCR-RFLP. Clinical data at the
diagnosed date were matched to the molecular outcome. In the Ph- MPN population,
prevalence of JAK2V617F was 68.8 % (66/96): 59.2% (29/49) in ET, 80.6% (25/31) in PV,
70.0% (7/10) in PMF, and 83.3% (5/6) in unclassifiable MPN. None of CML patients exhibited
the mutation (0/7). The mutant group had less bleeding history (P = 0.039) and MCV than the
wild type (P = 0.006). No difference of all parameters between both groups showed in ET,
except slightly higher white cells and platelets level of the mutant than the wild type without
significance. In PV, the haemoglobin level of the mutant was lower than the wild type (P =
0.038) while the platelet level was higher (P= 0.014). In conclusion, JAK2V617F does exist in
Thai MPN patients. Its prevalence is close to other populations with ethnical difference. The
mutant displayed some difference in parameters to the wild type, referring to clinical
contribution of the mutation. Nevertheless, other factors can not be overlooked. Vascular
circumstances and other intracellular signal transduction molecules could altogether
participate in pathophysiology.
c Copyright 2010 BioMedSciDirect Publications IJBMR -ISSN: 0976:6685. All rights reserved.

1. Introduction
Myeloproliferative neoplasm (MPN), known as the former
Myeloproliferative disorder (MPD), is a group of various chronic
myeloid cancers: mainly consists of the Philadelphia chromosomepositive (Ph+) and the Philadelphia chromosome-negative (Ph-).
For the Ph- MPN, there are polycythaemia vera (PV), essential
thrombocythaemia (ET), primary myelofibrosis (PMF) and other
rare myeloid disorders. Patients usually present unobvious clinical
symptoms, except mild hepato/splenomegaly and increased level
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of haematological cells in certain lineage. Without proper medical
care, this imbalance could result in life-threatening bleeding
and/or thrombosis if occurs in vital organs.
It has been proposed that the mutation of Janus kinase 2
(JAK2), particularly substitution of phenylalanine for valine at
codon 617 (JAK2V617F), could be relevant to the disease [1-3].
This molecule is naturally responsible for proliferation and
differentiation of cells as it is an intracellular signal transduction
molecule attached to the cytoplasmic region of cytokine/growth
factor receptors. Alteration of the amino residues in that pattern
interferes pseudokinase domain; although catalytically inactive, it
can still negatively regulate enzymatic function[4,5]. According to
the WHO 2008 diagnostic recommendation, JAK2V617F has
become one of the major criteria for the Philadelphia
chromosome- negative MPN [6,7].
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JAK2V617F could be easily examined by two polymerase chain
reaction (PCR) based techniques: allele-specific PCR and PCRrestriction fragmentation length polymorphism (RFLP) with BsaXI
restriction enzyme [8]. These methods have helped in revealing
prevalence of this mutation in each specific MPN: 80-90% in PV 5060% in ET [9,10], and 40-50% in PMF approximately The mutation
has not been linked only to pathogenesis, but also to certain clinical
features such as haematological level, bleeding and thrombosis risk
[11-14]. Albeit this mutation has been studied clearly in Americans
and Europeans, the information in Asians was poor. This study
aims to provide insight of this story in Asians focusing Thais in
epidemiological and clinical perspective.
2. Materials and Method
2.1.Patients and Clinical features
This study was approved by The Institutional Review Board,
Faculty of Medicine, Chulalongkorn University. 103 Thai MPN
patients from King Chulalongkorn Memorial Hospital diagnosed
during 2008-2011 were recruited: 31 PV, 49 ET, 10 PMF, 7 CML and
6 unclassifiable MPN. All patients were diagnosed according to the
WHO 2008 recommendation. The clinical features at the diagnosis
date in medical records were extracted to match to the mutation
results; the information including red blood cell (RBC) count,
haemoglobin (Hb), haematocrit (Hct), mean corpuscular volume
(MCV), white blood cell (WBC) count, platelet count, and bleeding
and thrombosis history.
2.2.Specimen processing
Blood was collected in an ethylenediamine tetraacitate anticoagulated tube. The whole blood DNA was isolated by QIAamp
DNA blood mini kit (Qiagen, Hilden, Germany) following
manufacturer's instructions. The samples were affirmed DNA
validity by optical density measurement and then stored at -20C
before JAK2V617 examination.
2.3.JAK2V617F examination
JAK2V617F was examined with the dual PCR based method
modified from Campbell's procedure: allele specific PCR and PCRrestriction fragmentation length polymorphism[8]. In both
reactions, DNA samples were amplified in 25 µL of the mister mix
reagent composed of nuclease free water (Promega, Wisconsin,
US), 10x AmpliTag Gold buffer (Applied Biosystems, New Jersey,
US), 25 mM MgCl2(Applied Biosystems, New Jersey, US), 10 mM
dNTPs mix (Promega, Wisconsin, US), primer F1, primer F2, primer
R and AmpliTaq Gold DNA polymerase (Appiled Biosystems, New
Jersey, US). For AS-PCR, dNTPs mix and primers were prepared in
2.5 mM and 12.5 µM concentration respectively while 10 mM
dNTPs mix and 50 µM primers were preferable for PCR-RFLP. The
0
reactions were repeated 35 cycled at 58 C for PCR and further 30
minutes at 370C for RFLP with nuclease free water (Promega,
Wisconsin, US), BsaX1 buffer (New England Biolabs,
Massachusetts, US) and BsaX1 buffer (New England Biolabs,
Massachusetts, US). After that, the products were applied onto
1.5% agarose gel for electrophoresis and undergone detection of
product under UV light.
2.4.Statistical Analysis
Statistical analysis was performed with SPSS version 15.0. The
statistical tests included student t test, ANOVA, Scheffe, Pearson chisquare and Man-Whitney u test.

3.Results
3.1.Clinical features
Clinical features including ages at the diagnosis date, bleeding
and thrombosis history, and general haematological parameters
are summarised in the table 1. The data indicated significant high
platelet production in ET than PV, but not others (P = 0.001).
Meanwhile, three parameters of red blood cells in PV displayed
statistical significant difference to others; its red cells count was
higher than ET, PMF, and CML, but not unclassifiable MPN (P <
0.001, = 0.001, and = 0.001) in parallel with haemoglobin (P < 0.001,
< 0.001, and < 0.001) and haematocrit (P < 0.001, < 0.001, and <
0.001 respectively). CML held the highest white blood cells than one
another ( P < 0.001 to ET, < 0.001 to PV, = 0.001 to PMF, and = 0.003
to unclassifiable MPN). ET displayed significant height of the
platelets level than only PV (P < 0.001).
3.2.JAK2V617F: prevalence and clinical correlation
Availability of DNA in the specimens was determined by
detection of a house keeping gene. Here, GAPDH as a general gene
coding an enzyme in TCA cycle was selected as a representative. The
determination was conducted using PCR technique; the product
would present 347 bp in size (figure 1). The AS-PCR technique for
JAK2V617F examination is principally depending capture of two
primers to the template: the outer wild-type and the inner mutant.
Two nucleotide products different in size were observed; the 364
bp band as the wild-type and the 203 bp band as JAK2V617F (figure
1). In PCR-RFLP, only the outer wild-type primer is used to amplify
the product prior incubating with BsaX1 restriction enzyme. As the
enzyme's restriction site is 5'…GGAG(N)5GT…3', the mutant
product carrying 1849G>T would not be cleaved remaining the
whole 364 bp band on the gel. Meanwhile, the wild-type product
with that site would be cleaved into 189/145 bp and another small
unobservable 30 bp band (figure 1).
In this study, JAK2V617F mutation was indentified in 68.8% of
Philadelphia-negative MPN patients by such examining method. It
was 59.2% for ET, 80.6% for PV, 70% for PMF, and 83.3% for
unclassifiable MPN. None of CML patients had the mutation (table
1). AS-PCR and PCR-RFLP provided identical outcome in every
cases. PCR-PFLP, in addition, revealed homo/heterozygosity of the
mutation. All PV patients with JAK2V617F were homozygous
meanwhile they were mainly heterozygous in ET. ET patients with
homozygous JAK2V617F presented erythrocytosis similarly to PV.
Comparison between the wild-type and the mutant disclosed some
difference in clinical features. Those with the mutation held
insignificant higher red cells than the wild-type (P = 0.051, table 1).
The mutant showed significant less MCV (P =0.006, table 1) and less
bleeding history (P = 0.039, table 1). Thrombosis history and other
haematological parameters exhibited no significant difference. To
depict the effect of JAK2V617F on each specific MPN, comparison
between the wild-type and the mutant group were also conducted
in ET and PV as MPN representatives. In ET no significant difference
of any clinical features between the wild-type and the mutant
showed. Nevertheless, certain haematological parameters of the
mutant such as white blood cells and platelets count were slightly
higher without significance (P= .098, and .850, table 2). In PV
population, much effect of the mutation to clinical symptoms was
disclosed. The patients with JAK2V617F exhibited platelets at
449.7 ± 60.9 x 103 cells, significantly higher than the wild-type (P =
0.014). To our surprise, we found a significant low haemoglobin
level in the mutant at 49.5 ± 1.8 g/dL (P = 0.038).
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Figure 1: Product bands on the 1.5% agarose gel after
electrophoresis (I) AS-PCR, (II) PCR-RFLP, and (III) GAPDH;
Lane 1 DNA from healthy volunteer, lane 2 DNA from ET
patient, and lane 3 DNA from PV patient, respectively.

which are common in Thais. Though JAK2V617F mutation does
influence clinical features, it is not the only factor. According to the
Virchow's triad, vascular circumstances could be interfered by
other factors such as infections and chronic disorders. Other
reports suggested that cytokines, particularly the inflammatory
related, effectively promoted the vascular evidence in ET [19-22].
In addition, chronic disorders involving blood circulation also have
chance to cause circulatory stasis. Atherosclerotic plaques and
thrombus are not the complete causes of the obstruction in blood
circulation appeared in cardiovascular disease, but that impaired
vascular evidence also encourages platelets-leukocytes formation
via P-selectin/PSGL1 [23]. This phenomenon was recently
affirmed in ET, happening directly on cells surface and/or
indirectly on cell-derived microparticles [24,25]. In molecular
aspect, there are many strong evidences to be sure that other
intracellular signalling molecules must connect to the disease
directly, indirectly via negative feedback, epigenetically and
correspondingly to leukaemic progression [26]. Further study on
those molecules is needed to understand their exact contribution
to the disease. It could clarify ambiguous pathogenesispathophysiology and be consequently useful to future customised
treatment.

4.Discussion

5.Conclusion

Discovery of JAK2V617F has brought new insight to MPN,
especially its contribution to the disease. Detection of the mutation
is useful for various practical reasons: diagnosis, prognosis, and
treatment. However, information in Asians has not been well
studied enough. Our study refined the view in Thai MPN
population emphasising prevalence and clinical correlation of the
mutation.
Prevalence of JAK2V617F is reported differently in number;
approximately 80-90% in PV [9,10], 50-60% in ET [9,10], 40-50%
in PMF [9,10], and 20% in unclassifiable MPN [9]. Focus in Asians,
it is 60-70% [15,16]: 80-90% in PV 50-60% in ET [15-17], and 3050% in PMF The numbers reported here, especially ET and PV, are
close to both regional and global data. This could be assumed that
ethnicity has less effect to the JAK2V617F prevalence. Still,
differences in the mutation incidence of PMF and unclassifiable
MPN reported here to other reports showed. This can be explained
by sample size effect; study on a larger scale is required for more
precision. Furthermore, it must be noted that difference in
mutation detecting method could intervene the prevalence. The
study of Lucia et al [18] with two techniques, based on different
principle, exhibited shift of the incidence from 78.5% by one mean
to 92.5% by another means in overall MPN population
Clinical correlation of JAK2V617F is a topic to be discussed.
Our findings emphasise the effect of the mutation on most clinical
features in accordance with many previous reports. However, the
bleeding history of the mutant was surprisingly less than the wildtype. It must be noticed that the bleeding cases extracted from the
medical records were originally less in amount, possibly
represented the early diagnosis in the study population. We also
reported the lower haemoglobin level of the mutant JAK2 PV than
the wild-type. This could be the effect from red cells' sizes, seeing
that the mutant had lower MCV than the wild-type significance (P
= 0.067) possibly caused by iron deficiency and/or thalassaemia .

JAK2V617F does exist in Thai MPN patients. Its prevalence is
close to other populations of different ethnicity. The mutant group
displayed higher haematological parameters referring to
contribution of the mutation to the disease. Nevertheless, other
factors including vascular evidences and intracellular signal
transduction molecules could altogether participate to cause the
phenomenon.
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