
A
R
va

2

PLATELETS AND THROMBOPOIESIS
Comment on Manne et al, page 2477
D
ow

nloaded from
 http://ashpub
Novel roles of Mnk1 in
megakaryocytes and
platelets
Monika Haemmerle | Martin Luther University Halle-Wittenberg

In this issue of Blood, Manne et al1 explore for the first time the role of MAPK-
interacting kinase 1 (Mnk1) in megakaryocytes and platelets (see figure). They
show that Mnk1 regulates protein synthesis by phosphorylation of eukaryotic
translation initiation factor 4E (eIF4E) and also affects megakaryocyte (MK)
ploidy and platelet production. This study helps to deepen our knowledge of
activation pathways in MKs and platelets that affect platelet function and
thrombosis. Mnk1 inhibitors are currently under development and in clinical
testing, and these results may have clinical implications.
lications.net/blood/article-pdf/140/23/2418/2019764/blo
Platelets are important players in hemo-
stasis. The life cycle of platelets begins
with proplatelet biogenesis from MKs in
response to various stimuli.2 MKs them-
selves develop from hematopoietic stem
cells. In response to thrombopoietin,
they grow and increase their genetic
information via endomitosis.2 Although
it has long been thought that platelets
are incapable of regulating gene
expression, we now know that the key
regulators of protein synthesis (ie, eIF4E
and eIF2α) are present and abundant in
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platelets.3 The cap-binding protein eIF4E
is phosphorylated by Mnk at Ser209
in vitro and in vivo.4,5 Mnks are ubiqui-
tously expressed and represent a class of
enzymes that are activated downstream
of the p38 mitogen-activated protein
kinase (MAPK) and MAPK/extracellular
signal-regulated kinase (MAPK/ERK)
pathways in response to mitogenic stimuli
and stress.4,6 The existence of MAPKs in
platelets was described more than
20 years ago.7 In addition, the expression
of Mnk1 in platelets has been reported.8
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and eIF4E phosphorylation and increases messenger
mation, as well as thrombosis, most likely via the acti-
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However, the precise role of Mnks in
MKs and platelets and their functional
implications have not been fully explored.

In their study, Manne et al performed
elegant and robust in vitro and in vivo
experiments to define the role of Mnk1 in
megakaryocytes and platelets. Pharmaco-
logical andgeneticmanipulations ofMnk1
expression confirmed its role in phos-
phorylating eIF4Eupon stimulation ofMKs
or platelets, thereby regulating protein
synthesis. Polysome profiling showed that
inhibition of Mnk1 by CGP 57380 resulted
in a highermonosome fraction and a lower
polysome peak, and [35S]methionine
incorporation assays confirmed reduced
de novo protein synthesis. In addition, the
absence of Mnk1 in MKs resulted in
reduced MK ploidy and proplatelet for-
mation in vitro. In vivo, platelet production
was significantly lower in Mnk1 knockout
(KO) mice without changing platelet half-
life. To find out which messenger RNAs
were translationally regulated by Mnk1,
Manne et al used ribosome footprint
profiling of megakaryocytes from wild-
type and Mnk1 KO mice and identified
that Mnk1 regulates the translation of
PLA2G4A, which encodes the cytosolic
phospholipase A2 (cPLA2). cPLA2 hydro-
lyzes polyunsaturated fatty acids, such as
arachidonic acid fromplatelet membranes
that subsequently are metabolized by
platelet oxygenases,9 stimulating produc-
tion of thromboxane A2.10 Indeed, they
showed that cPLA2proteinexpressionand
activation are downregulated in megakar-
yocytes that lack Mnk1, and thromboxane
production is significantly reduced in acti-
vated platelets from Mnk1 KO mice,
further confirming the importanceofMnk1
for platelet function and aggregation.
Finally, to prove their hypothesis, Manne
et al performed 2 independent in vivo
experiments that showed that Mnk1 KO
mice developed fewer and smaller
thrombi and were protected from pulmo-
nary thromboembolism-induced death.

Altogether, Manne et al have found novel
important players in platelet production
and function (see figure). However, some
effects were modest, and it is likely that
other regulators and downstream targets
besides cPLA2 play a role. Certainly,
future studies will be conducted to
explore this question. In addition, this
current study involved a germline Mnk1
KO mouse model, whereas future studies
should use MK and platelet-specific KO
models to further explore the function of
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Mnk1 in platelets and thrombosis specif-
ically in vivo. Furthermore, it will be
interesting to elucidate the role of Mnk1
in physiological and pathophysiological
conditions, where platelets are consid-
ered important, such as wound healing,
inflammatory processes, or cancer-
associated thromboembolism, besides
their role in hemostasis.

Conflict-of-interest disclosure: The author
declares no competing financial interests. ▪

REFERENCES
1. Manne BK, Campbell RA, Bhatlekar S, et al.

MAPK-interacting kinase 1 regulates platelet
production, activation, and thrombosis.
Blood. 2022;140(23):2477-2489.

2. Machlus KR, Italiano JE Jr. The incredible
journey: From megakaryocyte development to
platelet formation. J Cell Biol. 2013;201(6):
785-796.

3. Rosenwald IB, Pechet L, Han A, et al.
Expression of translation initiation factors elF-
4E and elF-2alpha and a potential physiologic
role of continuous protein synthesis in human
platelets. Thromb Haemost. 2001;85(1):
142-151.

4. Waskiewicz AJ, Flynn A, Proud CG,
Cooper JA. Mitogen-activated protein
kinases activate the serine/threonine kinases
Mnk1 and Mnk2. EMBO J. 1997;16(8):
1909-1920.

5. Waskiewicz AJ, Johnson JC, Penn B,
Mahalingam M, Kimball SR, Cooper JA.
Phosphorylation of the cap-binding protein
eukaryotic translation initiation factor 4E by
protein kinase Mnk1 in vivo. Mol Cell Biol.
1999;19(3):1871-1880.

6. Buxade M, Parra-Palau JL, Proud CG. The
Mnks: MAP kinase-interacting kinases (MAP
kinase signal-integrating kinases). Front
Biosci. 2008;13(14):5359-5373.

7. Patel P, Naik UP. Platelet MAPKs-a 20+ year
history: What do we really know? J Thromb
Haemost. 2020;18(9):2087-2102.

8. Hefner Y, Borsch-Haubold AG, Murakami M,
et al. Serine 727 phosphorylation and
activation of cytosolic phospholipase A2 by
MNK1-related protein kinases. J Biol Chem.
2000;275(48):37542-37551.

9. Clark JD, Lin LL, Kriz RW, et al. A novel
arachidonic acid-selective cytosolic PLA2
contains a Ca(2+)-dependent translocation
domain with homology to PKC and GAP.
Cell. 1991;65(6):1043-1051.

10. Wang B, Wu L, Chen J, et al. Metabolism
pathways of arachidonic acids: mechanisms
and potential therapeutic targets. Signal
Transduct Target Ther. 2021;6(1):94.
https://doi.org/10.1182/blood.2022017936

© 2022 by The American Society of Hematology
f/14
0/2
VWF moves at a high velocity, and thus
blurs into a streak during image acquisi-
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Stretching to image VWF in
shear flow
Wendy Thomas | University of Washington

In this issue of Blood, Bergal et al developed a new method to demonstrate
that circulating von Willebrand Factor (VWF) multimers experience less
tension and undergo less conformational elongation in shear flow than pre-
viously thought.1 VWF is a blood protein that binds to and activates platelets
to initiate hemostatic blood clots, particularly in arterial flow. This process
must be precisely regulated, or thrombi would form spontaneously. The
primary regulatory mechanism in VWF is mechanical tension; therefore,
characterizing VWF tension and elongation in shear flow is critical for
understanding the regulation of arterial hemostasis and thrombosis. Indeed,
devices such as artificial heart valves and left ventricular assist devices, which
introduce higher and different fluid stresses, are associated with the hemo-
static and thrombotic dysregulation of VWF in many patients.
Using instruments that apply piconewton
forces to nanoscale single molecules,
critical levels of tension have been
shown to activate the binding of platelet
receptor glycoprotein Ib (GPIb) to
VWF,2,3 explaining why shear stress
triggers VWF-mediated platelet activa-
tion and aggregation. Moreover, tension
8 DEC
in VWF exposes a cleavage site for the
metalloprotease ADAMTS13, which
breaks up VWF multimers to make them
less responsive to flow.4 Together, this
process creates a remarkable mechanical
feedback loop in which VWF is reduced
in size until it does not activate platelets
in the prevalent flow conditions, but can
still respond to new pathological condi-
tions. However, knowing how VWF
responds to tension applied by expen-
sive lab instruments is only helpful
for designing better blood-contacting
devices, if we also know how much ten-
sion is applied to VWF under various flow
conditions. Unfortunately, previous
studies on flow-induced elongation and
tension of free VWF were contradictory,
with 1 showing dramatic elongation at
high physiological shear flow,5 whereas
others showed only minor elongation,
even at higher flow rates.6,7 Because
GPIb binds to VWF multimers only after
dramatic elongation,2 the flow condi-
tions required to activate free VWF
remain unclear.

Bergal et al resolved this contradiction
by addressing a challenge in imaging
technology. At a high shear flow, the

tion (see figure). A strobing laser can
decrease the acquisition time,7 but the
blur length should still be measured and
subtracted to obtain reliable measure-
ments of the particle length in shear
flow. In the past, this required knowl-
edge of the particle velocity from theory,
which is complicated in shear flow owing
to fluid velocity gradients and flow-
induced hydrodynamic lift that moves
VWF-sized particles into higher velocity
streams.8 Bergal et al developed a clever
method called “pulsed laser strobo-
scopic imaging of single molecules
(PULSIS)” that allows calculation of par-
ticle and blur lengths without knowing the
particle velocity ahead of time. Their
accurate and complete measurements
confirmed the more conservative prior
studies by showing that free VWF elon-
gated too little under physiological shear
stress to activate free VWF.

This study also addressed another crit-
ical issue for the development of bio-
materials for blood-contacting devices.
Surface immobilization activates VWF,
contributing to device-dependent hemo-
static and thrombotic dysregulation.
Some surface chemistries stabilize the
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