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Abstract

Myeloproliferative neoplasms (MPNs) are a group of clonal haematopoietic
stem cell disorders characterized by the proliferation of one or more myeloid
cell lineages. According to WHO classification, the Janus associated kinase 2
(JAK2) V617F mutation is one of the major diagnostic criteria in BCR-ABL1
negative myeloproliferative neoplasms. The aim of this study is to detect the
JAK2 (V617F) mutation in patients with myeloproliferative neoplasms to get
accurate diagnosis and proper management. A total of 90 clinically diagnosed
MPN patients attending to Department of Clinical Haematology, Yangon
General Hospital were enrolled in this study. The mean age was 53.4 + 14
years which ranged from 16 to 81 years old and male and female ratio was
2.4:1. The identification of JAK2 (V617F) point mutation was found to be
positive in 44/90 MPN patients (48.9%). According to MPN subtypes, the
JAK2 mutation positivity was found in 19 out of 46 polycythemia vera pa-
tients (41.3%), 17 out of 25 essential thrombocythemia patients (68%), 8 out
of 15 primary myelofibrosis patients (53.3%), 0 of 4 others myeloproliferative
neoplasms (0%). Confirmation of each of nine JAK2 mutation positive and
negative samples was done by Sanger sequencing. The arterial or venous
thrombotic attack was found in 32/44 JAK2 mutation positive cases (72.7%)
and 12/44 JAK2 mutation negative cases (27.3%). The association between
thrombotic attack and presence of JAK2 mutation was statistically signific-
ance with p = 0.000. The diagnosis of myeloproliferative neoplasms mainly
relies on the molecular genetics according to WHO classification. The Allele
specific PCR reaction is sensitive, simple test and relatively cost-effective. There-
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fore, the identification of JAK2 (V617F) somatic point mutation by AS-PCR
should be implemented as a routine diagnosis procedure for patients with
chronic and suspected myeloproliferative neoplasms.
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1. Background Information

Myeloproliferative neoplasm (MPN), known as the former Myeloproliferative
disorder (MPD), is a group of various chronic myeloid cancer: mainly consisting
of the Philadelphia chromosome positive (Ph+) and Philadelphia chromosome
negative (Ph—). For the (Ph—) MPN, there are polycythemia vera (PV), essential
thrombocythemia (ET), primary myelofibrosis (PMF) and other rare myeloid
disorders. The presentation of MPN is vague clinical symptoms but without
proper medical treatment, it could be life-threatening if bleeding or thrombosis
occur in vital organs. According to WHO (2008) classification, the Janus asso-
ciated kinase 2 (JAK2) V617F mutation is the one of the major diagnostic crite-
ria in (Ph—) myeloproliferative neoplasm [1] [2] [3] [4] [5]. JAK2 V617F mutation
is acquired somatic point mutation which results in a valine-to-phenylalanine
substitution at position V617F in the pseudokinase domain of chromosome 9p
which leads to constitutive activation and subsequently uncontrolled cell proli-
feration in the absence of growth factor. The mutation is somatic and has not
been detected in any normal individuals or patients with reactive myeloprolife-
ration, lymphoid disorders, or solid tumors [6] [7] [8] [9] [10]. This mutation is
present in nearly all (97%) of patients with PV, approximately 50% of each of
those with ET and PMF, 20% of those with atypical MPNs, and 0% of those with
chronic myelogenous leukemia (CML) [11]. There are several laboratory me-
thods for detecting the JAK2 (V617F) mutation, with varying assay sensitivity
and specificity [12] [13] [14] [15]. AS-PCR and PCR-RFLP assays are useful
screening tools for mutation of this nature as the two assays are easy and inex-
pensive to perform. But the disadvantages of these assays include post PCR
processing is required which makes time consuming and risk contamination.
AS-PCR has been claimed to have analytical sensitivity of between 0.01% and 3%
while PCR-RFLP has sensitivity of around 5%. Direct sequencing technique is
not suitable for routine diagnosis laboratory as it is time-consuming and labo-
rious. Studies have shown that sequencing has low detection sensitivity between
5% and 20% [16] [17] [18] [19] [20]. Therefore, we had been used the AS-PCR
for identification of JAK2 mutation in this study. In Myanmar, JAK2 mutation
study in myeloproliferative neoplasms has not been well established yet. There-
fore, this study aims to identify the JAK2 mutation in patients with chronic and
suspected MPN and detection of the mutation is helpful in differential diagnosis,
prognosis, and predication of therapeutic response.
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2. Material and Methods

2.1. Patients and Clinical Features

This is the cross sectional descriptive study. The study was approved by Institu-
tional Review Board of Department of Medical Research. We recruited the 90
patients diagnosed and suspected with Myeloproliferative Neoplasms attending
to outpatient and in patients Department of Clinical Haematology, Yangon
General Hospital from October 2018 to September 2019. All Written informed
consent was obtained from every patient. The clinical features at diagnosis date
in medical records were extracted to correlate with the mutation status, the in-
formation including red blood cell (RBC) count, haemoglobin (Hb), haematicrit
(Hct), mean corpuscular volume (MCV), white blood cell (WBC) count, platelet

count and bleeding and thrombosis history.

2.2. Specimen Processing

3 ml of venous blood was taken under aseptic condition and collected with
EDTA tube. The fresh whole blood was centrifuged and WBC from buffy coat
layer was taken for DNA extraction which was done by QIA amp DNA minikit
(Qiagen, Germany) following manufacturer’s instructions. The samples were af-
firmed DNA validity by optical density measurement and then stored at —20C
before JAK2 V617F examination.

2.3.JAK2 V617F Examination

The Allele-Specific PCR was done by using Forward wild type primer (FC)
5-ATC TAT AGT CAT GCT GAA AGT AGG AGA AAG-3’, Forward mutant
primer (FM) 5-AGC ATT TGG TTT TAA ATT ATG GAG TAT ATT-3’ and
Reverse primer (FR) 5°-CTG AAT AGT CCT ACA GTG TTT TCA GTT TCA-3
tocover the mutation point Val617Phe (Baxter et al). The amplification reac-
tions will be carried out in a 25 pl total reaction volume by using a QITAGEN Top
Taq PCR Master Mix with each of 0.6 ul forward primer and 0.8 ul reverse pri-
mer and 5 pl of DNA extracted according to the manufacturer’s protocol. The
thermal profile of PCR is 95°C for 3 min, followed by 35 cycles of 94°C for 30
secs, 54°C for 30 sec, and 72°C for 30 sec, and a final extension at 72°C for 5
min. After that, the product was applied onto 2% agarose gel for electrophoresis

and undergone detection of product under UV light.

2.4. Confirmation by Sanger Sequencing

To validate the AS-PCR assay, each of nine JAK2 positive and negative samples
was analyzed by direct sequencing of the PCR product using Genetic Analyzer
ABI 3100 (Applied Bio system).

2.5. Statistical Analysis

Statistical analysis was performed with IBM SPSS version 23. Descriptive statis-

tics used to describe clinical, hematological characteristics and presence of JAK2
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mutation. Mean (SD) was used to summarize continuous variables and percen-
tage was used to describe categorical variables. Appropriate test statistics (Inde-
pendent t test and ANOVA, Pearson chi-square test) were used to correlate the

JAK2 mutation and its clinico-haematological characteristics.

3. Results

3.1. Clinical Features

The mean age was 53.4 £ 14 years which ranged from 16 to 81 years old and
male and female ratio was 2.4:1. Clinical features including age of diagnosis,
bleeding, thrombotic attack such as CVA, DVT, smoking history and general
hematological parameters are summarized in Table 1. The data indicated that
three parameters of red cell (Hb, Hct, RBC) in PV showed statistically signifi-
cant difference to others: Hb, Hct, RBC values were higher compare to ET,
PMF and MPNun (p = 0.000). The total WBC, neutrophil and platelet count
showed increased in ET and PMF than PV and MPNun (p = 0.001, p= 0.001, p
= 0.000) respectively. The red cells parameters are significantly decreased in
PMF comparing to PV and ET though total WBC and platelet count are in-
creased.

3.2. JAK2 V617F Mutation and Clinical Correlations

The AS-PCR technique for JAK2 V617F examination is principally depended on
the capture of two primers to the template: the outer wild-type and the inner
mutant. The two nucleotide products different in size were observed: the 365 bp
band as the wild type and 203 bp band as JAK2 V617F (Figure 1). Sequence
analysis of 1849G > T alteration was found in JAK2 positive PV patient by San-
ger sequencing, shown in Figure 2.

Table 1. Clinical data of study population.

Over all PV ET PMF MPNun p-value

Age 534+ 14 523+144 5944+124 483+11.9 48.5+ 15
Hb (g/dl) 146 + 4.4 18 +1.8 12.1+23 8.7+3.7 144+ 1.6 0.000*b
Hct (%) 449 +13.7 54.8+6.5 379 +8.7 26.8 +£12.8 425+44 0.000*b

RBC (10 x 96/ul) 5.7 + 1.6 6.6+1.1 53+1.4 40+1.8 52+0.9  0.000*b
MCV (fl) 779+133 839+86 725+136 700+164 829+89 0.000*b
WBC (10x9/L) 175+ 144 127+82 21.5+157 27.0+209  7.7+49 0.001*b
Neut (10X 99/L) 13.0+127  8.5+7.7 16+137 226+166  40%2.6 0.001*b
Plt (10 X 99/L) 697.6 +599.1 377.3 + 244.3 1132.4 + 554.4 1004 + 827.5 240.0 + 177.7 0.000*b
Thrombosis ~ 43/90 (47.8%) 24/45 (55.8%) 15/25 (34.9) 4/15(9.3%)  0/4 (0%)  0.032*a
Bleeding 4/90 (4.4%)  0/45 (0%)  3/25(12%) 1/15(6.7%)  0/4(0%)  0.079a
Smoking  39/90 (43.3%) 24/45 (53.3%) 12/25 (48.0%) 2/15 (13.3%)  1/4 (25%) 0.033*a

Haematological parameters in Mean + SD, Bleeding, thrombosis and smoking history in frequency/total
cases. a = Person chi square test, b = one way Anova test. Hb (Haemoglobin), Hct (Haematocrit), MCV
(Mean corpuscular volume), WBC (White blood cell count), Neut (Neutrophil count), Plt (platelet count).
*Statistical difference.
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W W pv ET Jad PC W PMF  NC
Fc-internal PCR control (364 bp), FM-mutant

allele (203bp)

W-Wild type, PV-Polycythemia Vera, ET-

Essential Thrombocytosis, NC-Negative
FC Control(H,0), Lad- Ladder, PC-Positive Control,
FM PMF- Primary Myelofibrosis

Figure 1. Gel image showing AS-PCR.

Figure 2. Sequence trace showing G — T mutation.

In this study the identification of JAK2 V617F point mutation was found to be
positive in 44/90 MPN patients (48.9%). According to MPN subtypes, the JAK2
V617F mutation positivity was found in 19 out of 46 polycythemia vera patients
(41.3%), 17 out of 25 essential thrombocythemia patients (68%), 8 out of prima-
ry myelofibrosis patients (53.3%), 0 of 4 unclassified myeloproliferative neop-
lasms (0%). The arterial or venous thrombotic attack was found in 32/44 JAK2
mutation positive cases (72.7%) and 12/44 JAK2 mutation negative cases (27.3%).
The association between thrombotic attack and presence of JAK2 mutation was
statistically significance with p = 0.000. The bleeding history was found only in 3
(6.8%) of JAK2 positive cases and not significant. Total of 15 mutation positive
patients (34.1%) has a history of smoking and 24 (53.3 %) of mutation negative
patients has smoking history with statistically significance with p = 0.05. The
association between clinico-haematological findings and JAK2 V617F mutation
status were described in Table 2. Those with mutation showed no significant
difference in red cell parameters such as Hb, Hct and RBC compared to wild
type. The mutant group showed significant less MCV than wild type (p = 0.011).
Total WBC, neutrophil count and platelet count were higher in mutant group
than wild type with statistically significant (p = 0.000, p = 0.000, p = 0.017) re-
spectively.

4. Discussion

The myeloproliferative disorders were classified as a spectrum of related disease
in 1951 by Dameshek Discovery of JAK2 V617F mutation has brought new in-
sight to MPN, especially its contributions to the disease [2]. Detection of the

JAK2 V617F mutation is important implications for classification, diagnosis and
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Table 2. Association between clinico-hematological findings and JAX2 mutation status.

]AIQ‘ V617F mutation JAK2 Y617F r'nutation povalue
Positive (Mutant type) Negative (Wild type)

Age 56.5+11.7 50.5+15.5 0.043*b

Hb (g/dl) 144+4 149+46 0.56b
Hct (%) 448 +13.4 441 +13.2 0.906b
RBC (10 x 6/ul) 6+1.6 55+1.6 0.198b
MCV (fl) 74+ 152 81.5+10 0.011*b
WBC (10 x 9/L) 24+ 164 11+£8.2 0.000*b
Neut (10 x 9/L) 19.2 + 14.7 73167 0.000*b
Plt (10 x 9/L) 851.1 £529.5 526 +420.2 0.017*b
Thrombosis 32/44 (72.7%) 11/46 (24.4%) 0.000*a
Bleeding 3/44 (6.8%) 1/46 (2.2%) 0.361a
Smoking 15/44 (34.09%) 24/46 (52.17%) 0.053*a

Hematological parameters in Mean + SD, Bleeding, thrombosis and smoking history described in frequen-
cy/total cases. a = Person chi square test, b = Independent t test. Hb (Hemoglobin), Hct (Haematocrit),
MCV (Mean corpuscular volume), WBC (White blood cell count), Neut (Neutrophil count), Plt (Platelet
count). *Statistical difference.

treatment of these disease and provide insight into their pathogenesis [21].
However, information in Asian especially in Myanmar has not been well studied
enough. Our study described the MPN patients emphasizing prevalence and
clinical correlation of the mutation. The clinical correlation of JAK2 is a topic to
be discussed. The mean age of MPN patients was 53.4 + 14 years which ranged
from 16 to 81 years old and male and female ratio was 2.4:1. The youngest age of
the JAK2 V617F mutation positive patients was 35 years old in our study. The
prevalence of JAK2 V617F mutation is reported in many studies worldwide, ap-
proximately 80% - 90% in PV, 50% - 60% in ET, 40% - 50% in PMF and 20% in
unclassifiable MPN [4] [11] Studies in Asia, it was 80% - 90% in PV, 50% - 60%
in ET, 30% - 50% in PMF [22] [23] [24]. The data reported are close to both re-
gional and global data. This could be assumed that ethnicity has less effect to
JAK2 V617F prevalence. In our study, the identification of JAK2 V617F point
mutation was found to be positive in 44/90 MPN patients (48.9%) with 19 out of
46 polycythemia vera patients (41.3%), 17 out of 25 essential thrombocythemia
patients (68%), 8 out of 15 primary myelofibrosis patients (53.3%), 0 of 4 unclas-
sified myeloproliferative neoplasms (0%). Although the prevalence of mutation
in ET and PMF are not quite different, the mutation prevalence was found to be
lower in PV compare to other studies. It may be due to secondary polycythemia
in which smoking and other disorders that affect the erythropoietin production.
We also found that two parameters of red blood cells (Hb, Hct) values showed
no different between two groups and also mutant group had lower MCV than
wild type with p = 0.011. It may possibly be caused by iron deficiency which is

common in Myanmar. Moreover, study on a large scale is required for more
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precision to cover the differences in mutation incidence of MPN. To distinguish
myeloproliferative neoplasms from reactive condition, particularly secondary
thrombocytosis and erythrocytosis, can be difficult and so detection of the V617F
mutation could become a widely use diagnostic test with less invasive and cost
effective. So, our study highlighted the important of JAK2 examination to dis-
tinguish between primary and secondary polycythemia vera. In the study of mu-
tation screening for JAK2 V617F, Tefteri et al. (2006) reported that JAK2 V617F
mutation analysis can be used to help screen individuals with polycythemia and
that this may reduce the need for further investigations, such as red cell mass
and bone marrow biopsy [25]. In our study, most of the MPN patients were
found to have the history of thrombosis and vascular complication such as CVA,
fainting attack, numbness and tingling of the limbs and DVT. The arterial or
venous thrombotic attack was found in 32/44 JAK2 mutation positive cases
(72.7%) and 12/44 JAK2 mutation negative cases (27.3%). The association be-
tween thrombotic attack and presence of JAK2 mutation was statistically signi-
ficance with p = 0.000. The finding was consistent with the others studies. But
only 3 out of 44 mutation positive had bleeding history. The history of smoking
was found to be higher in wild type group than mutant group with statistically
significant (p = 0.053). Therefore, our finding emphasize that smoking might be
one of the major causes of secondary polycythemia in patients with suspected
MPN:s. Clinical, biologic, and pathologic evidence indicates that ET, PV, and
PMF are related disorders, and about 15% of patients with ET and 20% of those
with PV experience progression to PMF and transform to acute leukemia in later
stage [26]. In 2007 study, Barosis G et al found that the strongest influence of
the mutant genotype was on the risk of leukaemic transformation which was 5.2
times higher than that in patients whose disease lacked the mutation [27]. Thus,
JAK2 mutation should be considered as a prognostic risk factor independent
from conventional predictor in myelofibrosis such as age, Hb level and WBC
count. The JAK2 V617F mutation has been detected in progenitors and myeloid
cells including cells with hematopoietic stem cells, common myeloid progenitor
and megakaryocyte-erythroid progenitor’s phenotype as well as colony forming
cells and more mature progenies, such as neutrophils and platelets [9] [10] but
has not been reported in T or B lymphocytes [28]. The Medical Research Coun-
cil Primary Thrombocythemia-1 Trial studied the effect of JAK2 V617F muta-
tion on treatment outcome in patients with ET and PV, demonstrating that
JAK2 V617F mutation-positive patients were much more sensitive to hydroxyu-
rea, but not to anagrelide, than those without the JAK2 V617F mutation [29].
Identification of the Val617Phe mutation will also stimulate clinical develop-
ment of small molecule inhibitors of JAK2, which could provide novel approach
to treatment. Recently, specific inhibitors of JAK2 have been developed and em-
ployed in the treatment of JAK2-mutated MPN [30].

5. Conclusion

Our study reported that JAK2 V617F mutation status in patients with myelopro-
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lierative neoplasm in Myanmar. The mutant group displayed higher hematolog-
ical parameters than wild type referring to contribution of the mutation of dis-
ease. Nevertheless, the frequency of mutation in polycythemia is lower in our
study’s highlight about the fact that the presence of JAK2 V617F mutation is
considered an important criterion for the exclusion of secondary/reactive from

clonal disorders.
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