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Abstract
Background: Myeloproliferative neoplasms (MPNs) are a range of clonal hematological diseases
with overlapping features, a specific mutation in the JAK2 gene, which encodes a tyrosine Kinase
has been shown to be associated with the myeloproliferative phenotypes (PV, ET and PMF). Aim:
Estimate the proportion of JAK2 V617F mutant gene and estimate the significance of antioxidant
enzyme (Catalase) is mainly associated with increased oxidative stress this is resulting increase of
the free oxygen radicals and relate it with suspected myeloproliferative neoplasms (MPNs) in Iraqi
patients. Materials and Methods: Total of (51) patients with suspected myeloproliferative neoplasms
(MPNs) and 20 healthy individuals were analyzed for the JAK2 V617F mutation. After DNA
extraction, detection of the mutation was done using (ARMS) PCR amplification, activity of
Catalase was measured spectrophotometrically. Results: Of 51 patients, the JAK2 V617F mutation
(V617F) was detected in 33 out of 42, with PV (81%), and four of patients with ET and PMF (40%
and 50%, respectively). The prevalence of this mutation is more associated with male than female
about (62%). Catalase activity was found highly significant (P< 0.01) among suspected MPN
patients when compared with control group. Conclusion: JAK2 V617F mutation screening can be
incorporated in the initial estimate of patients suspected of having MPNs. Catalase enzyme used a
biomarker of enzymatic alteration in MPN Iraqi patients.
Keywords: JAK2V617F mutation, myeloproliferative neoplasms, Catalase activity.
absence of Palpable enlargement of the spleen
(splenomegaly) [4],[5]. And it supports this
diagnostics by molecular factor; JAK2V617F
mutation is present in more than 95% of
patients with PV and more than 50% of
patients with PMF and ET [6].
On the other hand, Reactive Oxygen
Species (ROS) are accumulate in MPN
patients, resulting in an increase in oxidative
DNA damage so caused the decreased one of
antioxidant enzymes; catalase [7]. The present
study, we evaluated the prevalence of the
JAK2 V617F mutation and its clinical
laboratory correlations with catalase (CAT)
activity in patients with MPNs and in healthy
control.

Introduction
Myeloproliferative neoplasms (MPNs) are
a range of clonal hematological diseases
with overlapping features. There are three
main entities are polycythaemia Vera (PV),
essential thrombocythemia (ET) and primary
myelofibrosis (PMF), that are a produces too
much of a particular type of blood cell [1]. In
2008 the World Health Organization (WHO)
defined MPNs as cancers, but this is an issue
of definition, doesn’t have any specific effect
on your treatment or prognosis [2]. People
diagnosed by a myeloproliferative neoplasm
(MPN) worldwide, with incidence rates 3.1 per
100,000 year [3], while in Iraqi national center
of haematology 250 cases within 2014.
myeloproliferative neoplasm (MPN) are a
clonal excess hematopoiesis stem cell and this
disease characterized by proliferation of one
or more of the myeloid lineages in the bone
marrow, then resulting the an elevated red
blood cell count, or white blood cell or platelet
count in the peripheral blood, and presence/

Material and Methods
Patients:
A patient are (51) screened of having MPN
that were referred by physicians for JAK2
V617F mutation analysis. who were attending
to (Iraqi national center of hematology/
1

Heba Rushdi Abdullah

Almustansiriyah University) from beginning
January 2015 up to the June 2015, age were
ranged (30-72) years, with 32 males and 19
females, Questioner diagnosis of MPN was
depend on regards of age, sex, complete blood
picture, smoking, patient҆ s family history of
leukemia, previous disease, blood section,
physical examination include abdominal
examination for palpable spleen and liver, and
didn’t receive any treatment. (Medical data
were collected through direct interview with
the patients).

ARMS-PCR amplification of the JAK2
V617F mutation was done by common reverse
PCR Tetra primers (IDT, Bulgarian) specific
for the JAK2 V617F gene; primers sequences,
melting temperature were listed in Table (1).
The amplification of JAK2 V617F Mutation
Gene was performed in a PCR –Thermo Xp
Cycler and the reaction mixture was prepared
according to the procedure that suggested by
the manufacture company (Promega, UAS),
within a total volume of 25 μL containing 2μl
(25-1250 ng) DNA, 12.5μL of Go Taq® Green
Master Mix, 2x (Promega, UAS), 1μl of each
FO, RO and Fwt, and Rmt primer with adding
6.5 µl of nuclease free water to get final
volume of 25 µl. the PCR program was
applied according to (Promega, UAS), on the
thermal cycler (C1000 thermal cycler, BIORAD, UAS). The cycling conditions as
follows: an initial denaturation step at 94°C for
6 min, followed by 40 cycles of denaturation
at 94°C for 40 sec., annealing at 56°C for 45
sec., extension at 72°C for 45 sec., and a final
extension step of 10 min at 72°C [9].
A total of 10 µl from the amplified PCR
products along with 100bp Ladder were run on
1% agarose gel electrophoresis at 10 Volts for
30 min, then the fragments were visualized by
ethidium bromide (0.5μg/mL) under UV Trans
illuminator Scope 21.

Blood samples:
Five ml of blood was took from every
patient and placed in (activator clotting tubes),
after allowing the blood to clot at room
temperature, Granulocyte was separated and
placed in EDTA tube for DNA extraction
by using ready kit (The Wizard® Genomic
DNA Purification Kit/promega/USA), and
performed JAK2 mutation test to detect this
mutation on genomic DNA (ARMS-PCR).
Patients and healthy control’s sera were
screened for the catalase activity.

ARMS- PCR for the detection of JAK2
V617F mutation:
Tetra Primer Amplification Refractory
Mutation Screening Polymerase Chain
Reaction ARMS-PCR an extremely efficient
detection method of single nucleotide
polymorphisms (SNPs). This method consists
of two pairs of primers to amplify wild type
and mutant respectively; forward outer primer
(FO), reverse outer primer (RO), forward inner
wild type primer (FWT), and reverse inner
mutant specific primer (RWT) were used. Two
amplification allele-specific reactions occur in
opposite directions, simultaneously. In the
presence of the JAK2 mutation the reverse
inner mutant specific primer and the forward
outer primer bind to produce a fragment of
279 bp. In the presence of wild-type JAK2 the
reverse outer primer and the forward inner
wild-type specific primer bind to produce a
fragment of 229bp. The forward primer from
one site and the reverse primer from the other
generate a control fragment of 463 bp in all
cases [8].
Table (1)
The primers sequences and melting temperature were used in ARMS-PCR [9].
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Nucleotide sequences

Primers
Forward Outer(FO)
Reverse Outer(RO)
Forward inner Wild Type (Fwt)
Reverse inner mutant specific primer (Rmt)

DF = Dilution Factor.
0.1 = Volume (in milliliter) of diluted
enzyme used.
Statistical Analysis
Data was analyzed using Statistical
Package for the Social sciences (SPSS,
version 18). Quantitative variables like
Age, gender, splenomegaly, WBC, RBC,
Hgb, PCV, and Platelets were presented
with mean ± SE.
Student’s t-test was used to compare
means of Catalase activity. A p-value
<0.05was
considered
statistically
significant, while P-value <0.01 was
considered
statistically
highly
significant.

Procedure:
This
test
was
done
by
UV–
Spectrophotometer 1800 at (25°C), Filly
0.059 M of Reagent B; Hydrogen
peroxide were placed in sample tube, and
followed with and 1.9 ml of Reagent grade
water. The reaction was started by adding 0.1
ml of diluted enzyme to sample tube .tubes
were mixed and incubated at 25 C° for (4-5)
minutes in Spectrophotometer, and then
record the decrease of absorbance for
(2-3) minutes against blank (Reagent A;
Phosphate buffer instead of sample (ΔA0) at
240 nm [11].

Results
The JAK2 V617F mutation was
analysed in some Iraqi patients with
suspected MPNs that were referred by
physicians for JAK2 V617F mutation
analysis. In this study, A total of 51
subjects with MPNs; 37 (72.5%) of the
patients were positive for the JAK2
V617F mutation, whereas 14 (27.4%)
patients were negative for the JAK2
V617F mutation. detected by an
amplification
refractory
mutation
screening (ARMS) PCR. The JAK2
V617F mutation-positive group (37
patients) included 33 (81.01%) patients
with PV, 2 (50%) patients with ET, 2
(50%)
patients
with
primary
myelofibrosis (PMF). The JAK2 V617F
mutation-negative group (14 patients)
included 9 (20.02%) patients with PV, 3
(50%) patients with MF, 2 (60%)

Calculation:
Activity can be calculated by using
the following formula: Volume activity
×

(3.0 ml)
(0.1 ml)

54
48
52.9
55.1

0.0436 = Mille molar extinction
coefficient (Ɛ) of hydrogen peroxide at
240 nm (cm2/μmol).

Reagents Preparation:
These reagents prepared freshly
before measurement:
A. Phosphate buffer (0.05 M; pH 7.0):
Reagent A: Na2HPO4 0.05M solution
and 0.05M KH2PO4 solution were
mixed to made a pH solution = 7.0.
B. Hydrogen peroxide (H 2 O 2 ) solution
(0.059 M; pH 7.0):
Reagent B: 0.6 ml of 30% H 2 O 2 was
added to 100 ml of phosphate buffer.
Sample: Immediately prior to use dilute
the enzyme in 0.05 M phosphate buffer
(Reagent A), pH 7.0 to obtain a rate of
0.03-0.07 ΔA/min.

(0.0436)

Tm C°

ΔA S -ΔA 0 = Difference between initial
absorbance and after (3) min. final
absorbance.

2 H2O2 ⎯⎯ catalase ⎯⎯→ O2 + 2 H2O

(∆𝐴𝑠 −∆𝐴0 )

3ʹ)

5' TCCTCAGAACGTTGATGGCAG 3'
5' ATTGCTTTC CTTTTTCACAAGAT 3'
5'GCATTTGGTTTTAAATTATGGAGTATATG 3'
5' GTTTTACTTACTCTCGTCTCCACAAAA 3'

Measurement of Catalase Activity
Assay Principle
Catalase
activity
was
measured
spectrophotometric ally by following at 240
nm. [10]

(U/ml) =

(5 ʹ
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× (DF)
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patients with ET. Among 51 patients;
the mean age of the patients was 52.5 ±
2.24 (Mean + SE) years, with ranged
from 30 to 72 years, there were 32 males
(62.8%) and 19 females (32.2%) with a
male to female ratio of 1.7:1.
Splenomegaly was present in 22
patients (44%). These results are showed

in Table (2). As for the mean age of
controls group was found (44.22 ± 2.24)
with range (30–61), and male to female
ratio was found (0.66:1).

Table (2)
Distribution of the studied groups was according to age, gender and Splenomegaly.
Parameters

MPNs Group No.=51

Control group No.= 20

Age
Mean ± SE (Range)

52.5 ± 2.24
(30-72)

44.22 ± 2.24
(30-61)
No.
%
8
40 %
12
42.8 %
--

Male

Gender
Splenomegaly

Female
Yes

No.
32
19
22

%
62.8 %
37.2 %
44 %

P. value
0.015*
0.232
--

Note: *: significant using student T- test at > 0.05 level of significance.

The results of blood cell indices for
MPN group and control group as
apparent in Table (3). The current mean
was showed significant differences
(P>0.05) in (WBC, PLAT count),
whereas (RBC, PCV, HGB) revealed

highly significant differences (P>0.01)
among MPNs group of patients when
compared with control group.

Table (3)
Haematological parameters for MPN group and cont rol group.
Parameters
WBC
(×10 9 /L)
RBC
(×10 6 /µl)
HGB
(g/dl)
PCV
(%)
PLAT
(×10 9 /l)

MPN Group/ No.= 51

Control group/ No.= 20

Mean ± SEM
Range
Mean ± SEM
Range
Mean ± SEM
Range
Mean ± SEM
Range
Mean ± SEM

11.00 ± 0.87
(4.29 - 28.48)
6.10 ± 0.25
(2.8 - 9.42)
15.57 ± 0.52
(7.3 - 22.2)
48.27 ± 1.43
(15.4 – 69 )
405.80 ± 48.00

6.44 ± 0.29
(4.2 - 9.79)
4.82 ± 0.09
(4.26 - 5.27)
13.00 ± 0.18
(12.4 - 14.7)
41.02 ± 0.46
(38.7 - 42.9)
226.15 ± 26.85

Range

(83 – 1124 )

(180 – 323)

P. value
0.012*
0.001**
0.001**
0.0001**
0.023*

Note: *: significant using student T - test at 0.05 level of significance, **: < 0.01 level of highly
significance.

In this study, JAK2V617F mutation in
peripheral
blood
of
MPNs
was
demonstrated in Fig.(1). The internal
control band in all cases is represented
by a 463 bp fragment, whereas the
JAK2 V617F mutant is represented by a
279 bp fragment, in the presence of
wild type JAK2, specific primer is
represented by a 229-bp fragment.
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Fig.(1): Control band in 463 bp, amplified DNA in a 229 bp fragment, whereas the JAK2 V617F
mutant in a 279 bp fragment, Lane L; 100 bp ladder. Lanes 1, 2, 5: show negative results (also
pre, post treatment MPN), Lanes 3: show positive result (homozygous at 279bp), Lane 4, 6: show
positive results (heterozygous at 279,229 bp), the lane 7: show positive control, Lane 8; show
negative healthy control, while Lane 9; show distilled water. Use 0.5 % agarose gel for 30 min. at
50 volt.
Serum Catalase (CAT) Activity
The results of present study showed that
mean activity of catalase in a highly
significant differences (P>0.01) among MPN
group patients when compared with control
group as shown that in Table (3.5) and
Fig.(3.11).
Table (4)
Catalase enzyme activity among myeloproliferative neoplasm patients and
healthy control groups.
Parameter
Catalase (u/ml)
Range

MPN Group/ No.= 51

Control group/ No.= 20

P. value

Mean ± SE
51.85 ± 4.100
(13.7 – 88)

Mean ± SE
112.02 ±3.01
(90 – 134)

0.0001**

Note: *: significant using student T- test at 0.05 level of significance, **: < 0.01 level of highly significance.

Fig.(2): Catalase activity in MPN group patients and control group.

5

Heba Rushdi Abdullah

patients group had palpable spleen. This
finding is going well with that by Mesa
(2006), who mentioned that palpable spleen
was seen in (43.8 %) of new diagnosis MPN
[21].
Our study revealed that the MPN patients,
displayed leukocytosis and higher levels of
hemoglobin, hematocrit and platelets when
compared with control group, as it was
reported by previously published studies [22],
[23].
Furthermore, we demonstrated that higher
blood cell indices are associated with presence
of JAK2-V617F mutation, a finding that
indicates activated myelopoiesis [24]. In recent
years, it has been demonstrated that
superoxide anion as well as alkoxyl peroxyl
and radicals could inactivate one of the
antioxidant enzymes - catalase and reduce the
effectiveness of cells to defend against free
radical damage [25]. In addition Catalase is
used by cells to defend against the toxic effects
of hydrogen peroxide.
In this paper, it was shown that during
MPN patients who have CAT activity is
almost always low; these findings are
interpreted according to the results of Paul
(2011) who described these results by
indicating a relationship between decreased
catalase activities which may explain the ROS
accumulation in MPN patients when compared
with healthy people [26].

Discussion
Results from our study showed that a single
somatic activating mutation JAK2-V617F was
identified in the most of patients with PV and
in about half of patients with ET or PMF.
JAK2 V617F mutation is the first genetic
indicator that is directly related with the
pathogenesis of MPN [12]. For the same
cause JAK2 V617F mutation has been
included as an essential component (major
criteria) in the 2008 WHO diagnostic criteria
for PV, ET and PMF, and could be helpful in
therapeutic targets, essentially when particular
chemotherapeutic agents are used in the
treatment of other cancers [13],[14].
Therefore, in this study, the JAK2 V617F
mutation was identified in 51 patients with
suspected MPNs that were referred by
physicians for this mutation analysis. The vast
majority of MPN patients with PV harboured
the JAK2 V617F mutation (33 out of 42,
corresponding to 81.01 %), this Finding is in
agreement with Jones et al., Tefferi et al. &
Amy; who found JAK2 V617F mutation are
present (81%), (<90%) and (82%) in PV
patients Consecutive [8],[16],[17].
These differences could be explained with
variable number of analyzed cases and the
differences in sensitivity and specificity of
methods (ARMS) applied for detection of
JAK2- V617F mutation [17],[18].
This study showed the Amplification
Refractory Mutation Screening (ARMS) PCR
statement a single base was changed to be
detected perfect PCR conditions. This is model
for detection of the single base
G → T transversion connected with the
JAK2 mutation, Also ARMS-PCR can indicate
if a nonesuch was homozygous or
heterozygous for the V617F JAK2 mutation it
does not quantify the ratios of the wild type
and mutant alleles, then ARMS enable
differentiate between polymorphic alleles and
very important in display more sensitivity to
small amount of mutant DNA in a wild type
background. This method have (20 to 30%) of
sensitivity (McLornan et al., 2006) [19], [20].
Splenomegaly was consider as one of
diagnostic sign in suspected myeloproliferative
neoplasms according to the WHO 2008
diagnostic criteria [12], The present result
obviously demonstrates that (44 %) of MPN

Conclusion
This study has presented the importance of
peripheral blood mutation screening for JAK2
V617F by ARMS PCR can be incorporated in
the initial evaluation of patients with suspected
MPNs. The Catalase activity test was
statistically highly significant between control
group and the suspected MPN patients.
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) هي سرطانات تعرفMPNs( اورام التكاثر النقيي

باضطربات نسليه النتاج الخاليا الدمويه مع زيادة إنتاج نوع
واحد او اكثر من خاليا الدم الناضجة من انساب الدم
 زيادة انتاج الكريات: و التي يمكن تصنيفها إلى,النخاعي
 زيادة االقراص الدمويه األساسية،)PV( الحمراء االولي
.)PMF(  وتليف نخاع العظم االولي،)ET(

تهدف هذه الدراسة الى دعم تشخيص المرض بطريقة

(V617F JAK2( دقيقة وذلك بتقدير نسبة الطفرة الجينيه
و قياس انزيم مضاد االكسدة (الكاتليز) المرتبط بصورة
اساسيه مع زيادة االكسدة االجهادية والناتجة من زيادة جذور

االوكسجين الحرة للمرضى المصابين بورم التكاثر النقيي
 حيث تم,) وعند مقارنتهم مع االشخاص االصحاءMPNs(
( وقيمة انزيمV617F JAK2( تقدير نسبة الطفرة الجينية
) من20() مريضا بورم التكاثر النقيي و51( الكتاليز عند
.االشخاص االصحاء

أظهرت نتائج الدراسة عند المرضى المصابين حديثا ان

 من٪90 ( هي إيجابية فيV617F JAK2 (الطفرة الجينية
 من مرضى٪50 مرضى زيادة كريات الدم الحمراء االولي و
 من مرضى زيادة االقراص٪40 تليف نخاع العظم االولي و
فرق معنوي عالي

 وظهر لدينا بوجود.الدموية االساسيه

) عند المرضى بالمقارنةP<0.01( لمعدل قيم انزيم الكتاليز
 استنتجت الدراسة الحالية ان طفرة.مع االشخاص االصحاء
 عند مرضى ورم%82 ( وجدت فيV617F JAK2 (الجين
) وان المشتقات التفاعلية لالوكسجينMPN( التكاثر النقيي
له دور اساسي في التسرطن وتطور اورام التكاثر النقيي

.)MPNs(
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