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Chasing down the triple-negative myeloproliferative
neoplasms: Implications for molecular diagnostics
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ABSTRACT. The majority of patients with classical myeloproliferative neoplasms (MPN) of
polycythemia vera, essential thrombocythemia, and primary myelofibrosis harbor distinct disease-
driving mutations within the JAK2, CALR, or MPL genes. The term triple-negative has been recently
applied to those MPN without evidence of these consistent mutations, prompting whole or targeted
exome sequencing approaches to determine the driver mutational status of this subgroup. These
strategies have identified numerous novel mutations that occur in alternative exons of both JAK2 and
MPL, the majority of which result in functional activation. Current molecular diagnostic approaches
may possess insufficient coverage to detect these alternative mutations, prompting further
consideration of targeted exon sequencing into routine diagnostic practice. How to incorporate these
illuminating findings into the expanding molecular diagnostic algorithm for MPN requires continual
attention.
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The classical Philadelphia chromosome-
negative myeloproliferative neoplasms (MPN)
comprise polycythemia vera (PV), essential
thrombocythemia (ET) and primary myelofi-
brosis (PMF), all characterized by over produc-
tion of mature haematopoietic cells, extra-
medullary hematopoiesis and clinically by a
tendency for thrombosis and/or hemorrhage

and the potential to transform into acute leuke-
mia. Diagnosis of MPN is multidisciplinary,
requiring consideration of the presenting clini-
cal features, morphological assessment of the
peripheral blood and bone marrow aspirate and
biopsy, standard laboratory parameters and
ever increasingly, the underlying acquired
mutation status. The landmark discovery of the
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constitutively activating, JAK2 exon 14 V617F
mutation in nearly all PV patients and in
approximately half of ET and PMF patients
more than a decade ago prompted a renewed
interest in the molecular pathogenesis of these
diseases. In addition to the JAK2 V617F, other
driver mutations such as those within JAK2
exon 12 in PV, MPL exon 10 and CALR exon 9
in ET and PMF have subsequently been identi-
fied and which have been demonstrated to
directly contribute to MPN pathogenesis.1

MPN driver mutations all appear to contribute
to the myeloproliferative phenotype through
convergent activation of intracellular
JAK-STAT signaling and their downstream
effectors: an obvious target for therapeutic
intervention. Supplementary “passenger” muta-
tions may be acquired that can influence the ini-
tiation and evolution of the disease, however
these mutations are not specific for MPN as
they are also present in other myeloid malig-
nancies such as myelodysplastic syndromes
and acute myeloid leukemia. From a molecular
diagnostic perspective, the importance of
JAK2, MPL and CALR mutation analysis in dif-
ferentiating between a reactive and a clonal,
neoplastic process is paramount with a variety
of approaches adopted that either screen for, or
specifically detect and/or quantitate, the com-
mon JAK2 V617F, MPL W515L/K and CALR
exon 9 insertion/deletion (indel) mutations.
Each methodological approach has its own ana-
lytical specificity and sensitivity with selection
largely dependent on resource and the clinical
requirements of the service provider.2 More-
over, demonstration of any of these 3 mutation
types will be a major diagnostic criterion in the
forthcoming revision of the World Health
Organization classification of MPN.3

The term “triple-negative” MPN has recently
been coined and applied to those 10-15% of ET
and PMF patients without evidence of the 3
major mutation types of JAK2 V617F, MPL
W515L/K and CALR exon 9 indels (Fig. 1).
This particular signature has been reported to be
associated with a relatively adverse survival,
particularly in PMF patients.4 The understand-
able question that arises is what genetic events,
if any, drive the myeloproliferation in triple-neg-
ative ET and PMF? Rare, alternative, somatic

mutations in both JAK2 exon 14 and MPL exon
10, often at the same codon as the more com-
mon mutations, have been previously noted but
may account for only a minority of triple-nega-
tive MPN.5-9 In order to address this issue, sev-
eral groups have recently applied either whole
exome sequencing and/or targeted exon
sequencing to triple negative MPN, particularly
ET cases, and which have informed further
understanding of the molecular pathogenesis of
this group of patients.10-12 In addition to spo-
radic mutations in epigenetic modifying
(ASXL1, TET2), spliceosome (SF3B1, SRSF2),
and regulators of cytokine signaling (CBL,
SH2B3) genes, a significant number of muta-
tions were detected in both the JAK2 and MPL
genes, strikingly in exons not normally mutated
in MPN (Fig. 2).10-12 All novel MPL mutations
and 2 novel JAK2 mutations detected by one
group resulted in a gain of function by inducing
ligand-independent JAK2-STAT5 signaling
when analyzed in functional assays.10 These
findings were confirmed by demonstration of
thrombopoietin hypersensitivity and indepen-
dence of 2 such novel MPL mutations in a fur-
ther study.11 The diversity of MPL mutations
occurring in the extracellular domain-encoding
exons of triple negative MPN has been further
expanded.12

Clearly these findings have important impli-
cations for molecular diagnostics which aims to
distinguish true MPN from reactive causes.
Those diagnostic approaches that target specific
mutations such as allele-specific PCR will not
identify these, admittedly rare, variants.
Furthermore, in the light of these findings,
mutation screening of specific exons or ampli-
cons with techniques such as high resolution
melt curve analysis now appears insufficient.
The ability of next-generation sequencing
(NGS) approaches, able to rapidly sequence
multiple amplicons simultaneously, expedites
the adoption of these techniques into routine
practice. Both commercially available and
institutional targeted NGS panels have been
developed and are becoming increasingly
established in diagnostic testing algorithms
which display variable coverage of mutational
hotspots and selected exons.13-15 Whether such
NGS gene panels should now cover all coding
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exons of JAK2 and MPL is perhaps worthy of
consideration. In addition to exonic sequences,
mutational analysis might also be extended to
include the 5’ untranslated regions of genes

known to be altered in rare cases of sporadic
and hereditary MPN.16-17

It must be noted that a significant number of
MPN patients classified as triple negative have

FIGURE 1. Distribution of driver mutations in polycythemia vera (PV), essential thrombocythemia
(ET) and primary myelofibrosis (PMF).

FIGURE 2. Novel activating mutations of JAK2 and MPL in triple-negative MPN. Those mutations
indicated in red are the most frequently observed in MPN.
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no detectable alternative JAK2 or MPL
mutations, nor any evidence of clonal hemato-
poiesis by X chromosome inactivation pat-
terns.10-12 Whether these cases, analogous to a
larger proportion of pediatric patients classified
as MPN, truly have a clonal malignancy is
questionable.18 Re-consideration of the role of
haematopoietic clonality assessment by
X-chromosome inactivation patterns in triple-
negative MPN may be necessary, however
these approaches apply only to female patients,
require considerable interpretation, and have
been further confounded by the recent descrip-
tion of polyclonal hematopoiesis in some
female MPN patients.19 Furthermore, the path-
ogenesis of MPN may not be entirely explained
by the detection of driver mutations: other com-
plex processes, such as inflammation, are likely
to play a key role in the development of these
diseases.20 The continual challenge remains in
how to incorporate these discoveries into the
ever evolving MPN molecular diagnostic
algorithm.
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