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The article by Takahashi and colleagues is
impactful because it helps validate the decision
of both sets of response criteria that focus
on peripheral blood analysis for the assessment
of the JAK2 V617F allele burden. The
quality demonstration in a high number of
samples across MPNs demonstrating the
interchangeable nature of measuring allele
burden in blood and bone marrow will be very
helpful in clinical trials moving forward, as well
as potentially clinical practice as we further
validate the impact that reduction in allele
burden is helpful. In addition, it helps validate
the practice even today of monitoring the
JAK2 V617F allele burden in patients post
stem cell transplantation in terms of
monitoring for both response and relapse. As
the current clinical trials of MPNs are evolving
from single agent to combination strategies, the
ability to dynamically follow allele burden
in the course of these trials through the
peripheral blood is an important advancement.
Whether in the future monitoring the lower
prevalence MPN molecular mutations will be
helpful in assessment of therapeutic response
remains a question to be answered.

Funding was received from Incyte, Lilly,
Genentech, Gilead, NS Pharma, Sanofi,
Promedior, and CTI.

Conflict-of-interest disclosure: R.A.M. is a con-
sultant for Novartis and Pfizer. n

REFERENCES
1. Takahashi K, Patel KP, Kantarjian H, et al.
JAK2 p.V617F detection and allele burden measurement
in peripheral blood and bone marrow aspirates in
patients with myeloproliferative neoplasms. Blood. 2013;
122(23):3784-3786.

2. James C, Ugo V, Le Couédic JP, et al. A unique clonal
JAK2 mutation leading to constitutive signalling causes
polycythaemia vera. Nature. 2005;434(7037):1144-1148.

3. Cleary C, Kralovics R. Molecular basis and clonal
evolution of myeloproliferative neoplasms. Clin Chem Lab
Med. 2013;51(10):1889-1896.

4. Gowin K, Mesa R. Emerging therapies for the
treatment of chronic Philadelphia chromosome-negative
myeloproliferative neoplasm-associated myelofibrosis.
Expert Opin Investig Drugs. 2013 [Epub ahead of print].

5. Verstovsek S, Mesa RA, Gotlib J, et al. A double-blind,
placebo-controlled trial of ruxolitinib for myelofibrosis.
N Engl J Med. 2012;366(9):799-807.
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Causal role for JAK2 V617F
in thrombosis
-----------------------------------------------------------------------------------------------------

Angela G. Fleischman1 and Jeffrey W. Tyner2 1UNIVERSITY OF CALIFORNIA, IRVINE; 2OREGON HEALTH & SCIENCE
UNIVERSITY

In this issue of Blood, Hobbs et al use a JAK2 V617F knock-in mouse model
to interrogate the impact of JAK2 V617F on thrombosis and demonstrate
altered function of megakaryocytes and platelets in the context of JAK2
V617F expression.1

Thrombosis is a major cause of
disease-related morbidity and mortality

in myeloproliferative neoplasm (MPN)
(reviewed in Barbui et al2). Accordingly,

reduction of thrombotic risk is a central
therapeutic goal for this disease. The
increased risk of thrombosis observed in
MPN patients is a consequence of not only

JAK2 V617F induces biological changes to megakaryocytes and platelets leading to increased thrombotic events. The

presence of JAK2 V617F leads to (1) hypersensitive signaling through the thrombopoietin (TPO)/MPL pathway in

megakaryocytes, leading to increased activation of downstream molecules such as signal transducer and activator of

transcription 3 and extracellular signal-regulated kinase. Phenotypically, this manifests in (2) increased ploidy and

mobility of JAK2 V617F megakaryocytes; (3) increased formation of proplatelets; and (4) increased aggregation,

spreading, and thrombus formation of platelets. The ultimate consequence of these biological changes is (5) decreased

bleeding volumes in response to injury and increased thrombotic events.
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quantitative but also qualitative cellular
changes. JAK2 V617F–positive MPN
patients have been shown to exhibit biological
differences in platelet cell function, such as
increased P-selectin expression on platelets.3

As such, it has been long been suspected that
JAK2 V617F has direct effects on platelet
function, but the exact nature of these
effects has remained elusive until now.
The use of a mouse knock-in model in
which all hematopoietic cells are heterozygous
for human JAK2 V617F and express
physiological levels of JAK2 V617F provides
a rare opportunity to systematically
investigate the effect of JAK2 V617F on
platelet function that is not feasible using
primary cells from MPN patients because
of the genetic diversity and nonuniform
treatment regimens of the patient population.

Employment of this JAK2 V617F
knock-in mouse model led to a number of
important observations regarding the impact
of JAK2 V617F on megakaryocyte and
platelet biology and, thus, on the qualitative
impacts of JAK2 V617F on thrombosis
(summarized in figure). First, it was
confirmed that expression of endogenous
levels of JAK2 V617F in megakaryocytes led
to hypersensitive signaling through the TPO
receptor, myeloproliferative leukemia virus
oncogene (MPL), after stimulation with low
concentrations of TPO. Phenotypically, these
JAK2 V617F–positive megakaryocytes
exhibited increased ploidy and were more
mobile as compared with megakaryocytes
expressing wild-type Janus kinase 2 (JAK2).
In addition, JAK2 V617F–expressing
megakaryocytes exhibited increased
proplatelet formation when incubated on a
fibrinogen surface concomitant with increased
activation of the spleen tyrosine kinase and
phospholipase C g-2 signaling pathways
downstream of the fibrinogen receptor,
integrin aIIbb3. The altered biology observed
in the context of JAK2 V617F was not limited
to megakaryocytes but also extended to
platelets, which exhibited increased thrombus
formation, increased reactivity in response
to collagen-related peptide and thrombin,
increased aggregation, and increased
spreading to the extent that spontaneous full

lamellipodia spreading could be observed in
JAK2 V617F–derived platelets. To exclude
the possibility that the altered biological
activity of JAK2 V617F platelets was simply
attributable to a higher concentration of
platelets, Hobbs and coauthors carefully
repeated key experiments with blood that was
diluted with plasma to equilibrate platelet
concentrations between JAK2 V617F and
wild type. Even with equivalent platelet
numbers, the increased biological activity of
JAK2 V617F platelets was still evident.

Cumulatively, the aberrant activity of
megakaryocytes and platelets in the setting
of JAK2 V617F led to decreased bleeding
volumes after tail injury of JAK2 V617F
knock-in mice compared with JAK2 wild
type, a good approximation of increased
thrombosis. Interestingly, a prior report of
mouse modeling of JAK2 V617F, using an
ectopically expressing retroviral bone marrow
transplant model, found increased bleeding
time in the setting of JAK2 V617F,4

although it is difficult to directly compare
these model systems because of differences in
the expression level of JAK2 V617F as well
as measurement of bleeding volume in this
study vs bleeding time in the prior report.
Nonetheless, the decreased bleeding volume
observed with the JAK2 V617F knock-in
mouse model reported here is consistent
with the increased thrombotic episodes
experienced by patients with JAK2
V617F–positive disease. Finally, Hobbs and
colleagues used gene expression profiling to
identify genes that were significantly up- or
downregulated in the JAK2 V617F setting
compared with JAK2 wild type. These
gene expression profiles confirmed certain
pathways known to be important in
thrombosis (such as Pecam15) and also
revealed a number of new candidate genes
that could be implicated in this process
through follow-up analyses.

The impact of JAK2 V617F on
thrombotic risk likely extends beyond its
effect on platelets. The presence of JAK2
V617F mutant liver endothelial cells but not
hematopoietic cells in patients with Budd-
Chiari syndrome6 suggests that expression
of JAK2 V617F also directly affects

nonhematopoietic cells to augment
thrombotic risk. The manner by which JAK2
V617F promotes thrombosis is no doubt
complex and multilayered with much left to
uncover. Thanks to Hobbs et al, we are now
beginning to unravel this mystery.

These findings could lead to important
clinical applications. For example, laboratory
tests could be developed to detect the
previously described JAK2 V617F–induced
platelet abnormalities. These tests could serve
as a tool to risk stratify MPN patients for
thrombotic risk and to monitor the impact of
therapy. The human JAK2 V617F knock-in
mouse model could be exploited as a system
to test the ability of novel MPN drugs to
reduce thrombotic risk. Collectively, this
report by Hobbs and colleagues has shed
light on an important and long-unanswered
question in MPN/JAK2 V617F clinical
biology. Future work can be expected to build
on these findings to further investigate the
mechanisms underlying these phenomena
and to identify new clinical modalities that
could be employed to the benefit of patients
with MPN.
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