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ABSTRACT
Background: Unlike Chronic Myeloid Leukemia (CML) whose genetic basis (the Philadelphia
chromosome), has become a household name, that of Polycythaemia Vera and other non-leukemic
myeloproliferative diseases has not equally received wide publicity.

Aim: The aim of this paper is to review and highlight the role of JAK2 mutation in Polycythaemia Vera,
Primary Myelofibrosis and Essential Thrombocythaemia.

Methods: Literature on the subject was reviewed using manual library search, articles in journals, internet
search and conference abstracts.

Results: JAK2 mutation plays important role in the general pathophysiology of non-leukemic
myeloproliferative diseases. Proper understanding of these roles is being utilized in research and
development of novel therapeutic agents.
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INTRODUCTION
Myeloproliferative disorders (MPD) are clonal

diseases of a single pluripotent bone marrow stem
cell which are characferized by the impaired
production and excessive accumulation of one or
more myeloid cell lines, the erythrocytes, the
granulocytes and thrornbocytes.'

The MPD are classified into leukemic MPD and
non-leukemic MPD (see table 1). The key
molecular events in the pathogenesis of leukemic
MPD namely, Chronic Myeloid Leukemia(CML),
with the associated characteristic chromosomal
translocation "the Philadelphia chromosome" and
associated rearranged gene the BCR-ABL has
been well established.i'"

However, the genetic basis for the Non-
leukemic MPDs has been poorly defined to date.
This review is meant to highlight the various roles
the JAK2 mutation plays in Polycythemia Vera and
other non-leukemic MPDs.
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JANUS-TYPE TYROSINE KINASE 2 (JAK 2)
MUTATION

JAK2 is one of the components of signal
transduction systems involved in the regulation of
cell qrowth." Approximately, 60-90% of cases of
Polycythaemia Vera and about 30-50% of Essential
Thrombocythaemia have acquired mutation in the
JAK2 qene." JAK2 is present in virtually all
haematopoeitic cells and is essential for
proliferative intracellular signaling in respor.se to a
variety of haematopoeitic growth factors.

The JAK2 mutation was first identified in
Polycythaemia Vera in 20046 and was then
reported by several other laboratories.?" It is
located on chromosome 9p10 and its discovery has
improved the understanding of disease
pathogenesis, improved the specificity of diagnosis
and has led to an explosion of research in
myeloproliferative disorders." How does this
mutation lead to disease? In terms of pathogenesis,
JAK2 is a human protein that has been implicated
in signaling by members of the type II cytosine
receptor family, the GM-CSF receptor family, the gp
130 receptor family and the single chain receptors
eg Erythropoeitin and prolactin receptors. JAK2
signalling is activated downstream from the
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POL YCYTHAEMIA VERA (PV)
The V617F mutation was first identified in this

disorder in 20046 and is identified in virtually all
patients with PV 11,12 and is often in its
homozygous form, at least in some of the
progenitors 13,14. In some of the rare PV patients
who are JAK2 V617F-negative, other JAK2
mutations have been identified in exon 12.15

Studies of families of myeloproliferative disease
(MPD) patients, in which several different MPDs
occur in a single pedigree,16.17 indicate that JAK2
mutations may not be solely responsible for the
disease phenotype, and may not even represent
the disease-initiating event.

A number of compelling lines of evidence
support this condition. First, in familial PV, there is
no clear linkage between the disease and
chromosome 9p, the genetic site of JAK2,
suggesting an independent germ-line predisposition
to PV.lO Second, in familial PV, affected members
can be either JAK2 V617F-negative or -positlve."
Third, the acquisition of the JAK2 V617F mutation
is a late genetic event in PV.19 Fourth, in sporadic
PV, only a proportion of clonal PV cells are JAK 2
V617F-positive.14 Fifth, although the BFU-Es
(Burst-Forming Unit Erythroids) responsible for
endogenous Erythroid colonies, a hallmark of PV,
are mostly JAK2 V617F-homozygous, some are
heterozygous and some have a wild sequence at
the JAK2 locus." And sixth, the acute leukemic
transformation of any JAK2-positlve MPDs is
frequently negative for the JAK2 V617F
mutation.":" These diverse observations strongly
suggest that the somatic mutation of JAK2 gene is
not the initiaing or sole pathogenic process in PV.

The Budd-Chiari syndrome may be the first
clinical manifestation of PV preceeding the elevated
blood counts, endogenous erythroid colony
formation, and the JAK2 V617F mutations have
been described in many of these patients before
clinical evidence of polycythaemia occurred. The PRIMARY MYELOFIBROSIS(PMF)
association of Budd-chiari syndrome and PV is so Primary Myelofibrosis has been designated the
strong that many experts advocate screening for most recent "official" name of the disease by a
PV (V617F mutation) in all patients who present working group on nomenclature32 The discovery
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prolactin receptor. Mutation in JAK2 (a change of
Valine to Phenylalanine at the 617 position, V617F)
renders haemopoeitic cells more sensitive to
growth factors leading to unregulated clonal
proliferation of cells.

with hepatic vein thrombosis.":":" Acute leukemia
as the terminal PV event may arise from either the
JAK2 V617F positive clone or more frequently, from
a haematopoeitic cell that does not carry the JAK2
mulation.11,17,?O There are other mutations in PV
apart from the JAK2 mutation namely the JAK2
mutation occurring in exon 12(not the typical exon
14) and Telomerase transcriptase2 (TET2)
mutations.

OTHER MYELOPROLIFERATIVE DISEASES
The genotypes of Essential Thrombocythaemia

and Primary myelofibrosis have a specific
constitutional JAK2 haplotype associated with JAK2
V617F somatic mutation.":" The acquisition of the
V617F mutation of JAK2 is a late genetic event In
patients with myeloproliferative clsorders.":" The
majority of laboratories analyse the JAK2 V617F
allele burden from (clonal) granulocytes, the non
quantitative analysis use total leukocytes, whole
blood or marrow for screening.

A proportion of JAK2 V617F-negative assays
are positive using sensitive quantitative analysis."
Plasma has been used for detection of the JAK2
V617F DNA and mRNA mutation and zygosity
state27,28 Detection of JAK2 V617F DNA and mRNA
in plasma is, however, the result of the lysis of
granulocyrtes during storage , compounded by
decreased viability of the JAK2 V617F bearing cells
and is a storage artltact." as such it should not be
used in clinical practice to detect, quantify JAK2
V617F, or address zygosity.

ESSENTIAL THROMBOCYTHAEMIA(ET)
Although shown to be a clonal disorder in

1981,30 little was known about the molecular
pathogenesis of ET until 2005, when an acquired
mutation in the JAK2 gene (JAK2 V617F) was
identified in approximately 50% of patients with
ET6

, and hence molecular testing is recommended
in all suspected cases. Acute Myeloblastic
Leukemia(AML) is part of the natural history of ET,
of note is that patients with JAK2 V617F positive
ET may develop AML that is negative for the JAK2
mutation.f':"
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that the mutated Janus Kinase2(JAK2) gene plays
a role in the causation and behavior of
myeloproliferative diseases" and that approximately
50 percent of cases have a mutation of the JAK2
gene? has led to better understanding of the
pathogenesis of the disease and its relationship to
other myeloproliferative diseases. The JAK2
mutation also represent an important new target for
therapy.

The advent of the JAK2 V617F mutation has
permitted this marker to be used in assessing
clonality. Mutated JAK2-containing cells were
identified in all blood lineages and in the common
Iymphomyeloid cell." The neoplastic haemopoietic
stem cells in primary myelofibrosis containing the
JAK2 V617F mutation behave differently from the
same cell population in PV when studied in non-
obese diabetic severe combined immunodeficient
mice. Although studied in a non-human
environment, the findings provide some explanation
for the presence of JAK2 V617F mutations in three
phenotypically different myeloproliferative diseases:
Polycythaemia Vera, Essential Thrombocythaemia
and Primary Myelofibrosis."

The genetic basis of Chronic Myeloid
leukemia(CML), the Philadelphia (Ph)
chromosome, is absent in PMF whereas the JAK2
V617F mutation is present in approximately 50% of
cases of PMF and absent in CML. Most cases are
readily separable based on the aforementioned
distlnctlon."

JAK2 V617 KINASE INHIBITORS
Because JAK2 mutation and the resulting

effects on JAK-STAT signaling are thought to be a
key factor in 50% of cases of PMF, efforts to
synthesise inhibitors of the mutant JAK2 protein
product is underway." Several JAK2 inhibitors
have been administered to small numbers of
patients with PMF.37-39 Their effects are somewhat
different . the most striking and consistent effect
with each agent is a decrase in spleen size and
decrease in the effects of markedly elevated
inflammatory cytokines have improved the quality
of life of some patients.

Marrow transplantation is the only curative
approach to PMF, following a haematopoietic stem
cell transplantationm in JAK2-positive patients,
real time PCR analysis can permit a sensitive

determination of residual JAK2-positive cells after
transplantation"

THE ROLE OF JAK2 MUTATION ASSAY IN THE
DIAGNOSIS OF MPDS AND POSSIBLE
CHALLENGES

Using a quantitative allele specific
polymerase chain reaction (PCR), the JAK-2
mutation assay can be used to monitor patients in
terms of therapeutic response and relapse. The
challenges associated with analysis and assay of
JAK2 mutation include the unavailability of the peR
machine in most hospiatals as seen developing
countries. In addition, the assay only detects the
mutation in the exons tested, mutations at other
locations will not be detected. Another challenge is
that the assay is not medically necessary for
diagnostic assessment of MPD in children. Test
results should be interpreted in conjunction with
other laboratory and clinical findings. False
negative results may occur when there is a low
mutant burden in peripheral blood.

TABLE 1: CLASSIFICATION OF
MYELOPROLIFERATIVE DISORDERS

Leukemic
Myeloproliferative
Disorder

Non-leukemic
Myeloprol iferative
Disorder

i) Chronic myeloid
leukemia(CML)
a. Classical

Philadelphia
positive(ph)+
CML

b. Philadephia
negative CML

c. Chronic
myelomonocytic
leukemia(CMML)

i) Polycythaemia
Vera(PV)

ii) Essential
(primary)
thrombocy-
thaemia

iii) Chronic idiopathic
myelofibrosis/
Primary
myelofi brosis

ii) Chronic
Neutrophilic
leukemia(CNL)

iii) Chronic
Eosinophilic
Leukemia(CEL)
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