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Pairing JAK with MEK for improved therapeutic
efficiency in myeloproliferative disorders
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Inhibitors of JAK in
myeloproliferative neoplasms
Mpyeloproliferative neoplasms (MPNs)
are disorders of hematopoietic stem cells
associated with activated JAK/STAT sig-
naling and present with chronic excessive
production of myeloid cells. These include
excessive red cell production as seen in
polycythemia vera (PV), excessive platelet
production as in essential thrombocythe-
mia (ET), and excessive megakaryocytes
and bone marrow fibrosis as in myelofi-
brosis (MF) (1). These chronic conditions
have a risk of further transformation to
acute leukemias that are typically highly
refractory to chemotherapy. Currently,
the only therapy with curative potential for
MPN is hematopoietic stem cell transplan-
tation (HSCT); however, this approach is
limited by regimen-related toxicities that
are particularly prevalent in the older pop-
ulation, the group most affected by MPNs.
Identification of JAK2 mutations (2-5) as
disease-initiating in MPN has led to new
and effective therapies for these diseases.
For instance, ruxolitinib, a molecularly tar-
geted inhibitor of JAK1/JAK2, is now FDA
approved for the treatment of intermedi-
ate- or high-risk myelofibrosis and PV in
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The identification of JAK2 mutations as disease-initiating in
myeloproliferative neoplasms (MPNs) has led to new and effective therapies
for these diseases. In a study published in this issue of the JCI, Stivala et al.
explored the key observation that JAK inhibition successfully suppresses
MAPK activation in MPN cell lines and primary MPN cells in vitro, and

the finding that it failed to completely and effectively suppress MAPK
activation in vivo in two mouse models. The authors went on to show that
dual inhibition of JAK and the MAP kinase pathway provided enhanced
therapeutic efficacy in the in vivo models of MPN.

patients who are resistant to or intolerant of
hydroxyurea, one of the most commonly
used agents in MPN patients.

JAK2 is a non-receptor tyrosine kinase
that is required for normal blood cell devel-
opment. The efficacy of current JAK2 inhib-
itors is limited. Current JAK2 inhibitors are
not strongly selective for the JAK2-mutant
cells, and, as a result, molecular remis-
sions are not common (6). Furthermore, a
substantial portion of patients with myelo-
fibrosis come off treatment as a result of
disease progression and/or toxicity. Earlier
work has suggested that a mechanism of
resistance to JAK2 inhibitors is a result of
continued dysregulation in JAK2 activation
and downstream signaling activities (7).
In addition to constitutive activating JAK2
mutations, mutations in the thrombopoie-
tin receptor MPL and in the ER chaperone
protein calreticulin (CALR) are disease-
initiating in MPNs, and each of these
so-called MPN phenotypic driver muta-
tions leads to activation of MPL/JAK2 cyto-
kine signaling (8), resulting in the activation
of downstream targets including STATS,
AKT/PI3K, and the MAPK pathway (Fig-
ure 1). The MAPK pathway is complex and,
importantly, downstream of RAS, a GTPase
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implicated in a large fraction of cancers and
some leukemias (9). The MAPK pathway
includes the kinases RAF, ERK1/2, and
MEK1/2, with activated ERK leading to
specific activation of downstream MEK as a
target. Inhibitors of this pathway are in clin-
ical development for other cancers, includ-
ing RAS-mutated leukemias.

Boosting JAK inhibition
for effective treatment of
myeloproliferative neoplasms
In a study published in this issue of the JCI,
Stivala et al. (10) explore a key observation
that ruxolitinib treatment inhibited JAK/
STAT and ERK activation in MPN cell lines
and even primary MPN cells in vitro but
failed to completely inhibit ERK activation
effectively in vivo in two mouse models.
They noted in particular that JAK2 inhibi-
tion in vivo failed to effectively inhibit the
activation of the MAPK pathway, and sur-
mised that this difference could represent
a non-cell-autonomous effect of the in
vivo tumor microenvironment and, impor-
tantly, offer an additional therapeutic
target. The authors went on to show that
dual inhibition of JAK and the MAPK path-
way prevented the persistent activation of
MEK in the presence of JAK2 inhibition in
vivo and provided enhanced therapeutic
efficacy in the in vivo models of MPN. This
was particularly noteworthy for the myelo-
fibrosis associated with MPN.
Mechanistically, using orthogonal
approaches of mRNA and protein analysis,
the authors demonstrated that PDGFRa
is activated in these in vivo MPN models
and that activated PDGFRa is responsi-
ble for persistent MEK activation in the
presence of effective JAK inhibition. Inter-
estingly, PDGF, which signals through
PDGFRaq, is present in the hematopoietic
microenvironment of the bone marrow
and has been previously implicated in the
development of myelofibrosis (11), provid-
ing a satisfying potential mechanistic link-
age to the efficacy seen with inhibition of
the MAPK pathway and the myelofibrosis
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Figure 1. Inhibiting the JAK pathway in MPN. (A and B) Ex vivo inhibition strategy. Activation of the JAK pathway leads to enhanced cell proliferation, a
hallmark of MPN. JAK2 inhibition ex vivo inhibits MEK/ERK signaling, ultimately leading to a reduction in cell proliferation. (C and D) In vivo inhibition
strategy. JAK2 inhibitors are not able to induce molecular remissions in vivo. JAK2-independent compensatory activation of the MEK/ERK signaling path-
way is attributed to activated PDGFR. Combined targeting of JAK2 and MEK inhibits ERK activation and reduces cell proliferation in vivo. MPLR, thrombo-
poietin receptor. Figure illustrated by Rachel Davidowitz.

phenotype of MPN. The authors demon-
strated persistent levels of PDGF even with
effective JAK2 inhibition in vivo, support-
ing its potential role in the activation of the
MAPK pathway in MPN and the lack of effi-
cacy of monotherapy with JAK2 inhibition.

JAK/ERK inhibition: a roadmap
for a wider cancer treatment
regimen

Overall, these studies suggest that compen-
satory ERK activation limits the efficacy of
JAK2 inhibition in MPN models in vivo and
that dual JAK/MEK inhibition provides an
opportunity for improved therapeutic effi-
cacy. These studies imply that additional
knowledge of targeted therapies can be
ascertained from in vivo models and these
may be critical to understanding resistant
disease or relapse in the setting of these ther-
apies. Several unanswered questions remain
to be explored. A key one is whether com-
bination therapy, when applied to humans
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with MPNs, is associated with increased
efficacy and/or is limited by excessive side
effects. In addition, the cell-autonomous
versus tumor microenvironment role of
PDGF, which is expressed in both hema-
topoietic cells and bone marrow stromal
cells, is not yet completely clear. Finally, the
potential role of compensatory ERK/MEK
signaling as a more general mechanism of
tumor resistance to targeted therapies in
other cancers needs to be studied to deter-
mine the relevance of these findings in other
clinical situations with unmet medical need.
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