
type? Second, how do the biochemical
properties of each mutation differ
(see figure1-10)?

The study reported by Nagata et al in
this issue suggests important clues for these
questions.1 Based on the RHOA mutations
they found in ATLL, they analyzed in
detail the biochemical activity and the
cellular counterpart of the RHOA mutant
cases with different hotspot positions. In
their analysis, RHOA mutations of ATLL
constitute C16R, G17V/E, and A161P/V
hotspots, and these positions are partially
shared by G17V and A161E found in
AITL. In detailed biochemical analysis,
it was shown that C16R and A161P/V
result in fast GTP/GDP exchange and are
biochemically highly active, whereas G17V
and A161E do not incorporate the GTP
and are biochemically inactive.

Why are the gain-of-function and the
loss-of-function mutations observed in the
same disease category? Nagata et al have
focused on the difference in cellular
phenotype/lineage as a factor correlated
with these biochemical differences. They
performed surface marker analyses and
immunohistochemical assays and found that,
whereas ATLL cells with activating C16R and
A161P/V mutations have Treg or effector
T-cell phenotype, ATLL cells with
inactivating G17V have memory T-cell
phenotype. It is supposed that, in human
T-lymphotropic virus type infection,
proliferation and survival of these T cells are
differentially dependent on the active and
inactive RHOA signals by their cellular
lineages. Alternatively, an active or inactive
RHOA signal is an upstream trigger for
the cellular differentiation of T cells into
Treg/effectorT-cell ormemoryT-cell lineages.

In any case, this report clearly shows
that the RHOA mutations with opposite
biochemical activities are mixed within the
ATLL category, and these are associated
with the cellular lineages of the tumors.
Comprehensive understanding of the
mutant RHOA function (including various
mutations found in BL, HNSCC, and DGC)
are future challenges, but this report gives us
important hints as to why different hotspot
mutations dominate in different tumor
subtypes, and how these biochemical
functions are.
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3. Palomero T, Couronné L, Khiabanian H, et al.
Recurrent mutations in epigenetic regulators, RHOA and
FYN kinase in peripheral T cell lymphomas. Nat Genet.
2014;46(2):166-170.

4. Rohde M, Richter J, Schlesner M, et al; German
ICGC MMML-Seq-Project; NHL-BFM Study Group.
Recurrent RHOA mutations in pediatric
Burkitt lymphoma treated according to the
NHL-BFM protocols. Genes Chromosomes Cancer.
2014;53(11):911-916.

5. Lawrence MS, Stojanov P, Mermel CH, et al.
Discovery and saturation analysis of cancer genes across 21
tumour types. Nature. 2014;505(7484):495-501.

6. Kakiuchi M, Nishizawa T, Ueda H, et al.
Recurrent gain-of-function mutations of RHOA in diffuse-
type gastric carcinoma. Nat Genet. 2014;46(6):583-587.

7. Wang K, Yuen ST, Xu J, et al. Whole-genome
sequencing and comprehensive molecular profiling identify
new driver mutations in gastric cancer. Nat Genet. 2014;
46(6):573-582.

8. O’Hayre M, Inoue A, Kufareva I, et al. Inactivating
mutations in GNA13 and RHOA in Burkitt’s lymphoma
and diffuse large B-cell lymphoma: a tumor suppressor
function for the Ga13/RhoA axis in B cells [published
online ahead of print November 30, 2015]. Oncogene.
doi:10.1038/onc.2015.442.

9. Sahai E, Alberts AS, Treisman R. RhoA effector
mutants reveal distinct effector pathways for cytoskeletal
reorganization, SRF activation and transformation. EMBO
J. 1998;17(5):1350-1361.

10. Ihara K, Muraguchi S, Kato M, et al. Crystal
structure of human RhoA in a dominantly active form
complexed with a GTP analogue. J Biol Chem. 1998;
273(16):9656-9666.

DOI 10.1182/blood-2015-12-683458

© 2016 by The American Society of Hematology

l l l PLATELETS AND THROMBOPOIESIS

Comment on Estevez et al, page 626

A binding relationship with thrombin
-----------------------------------------------------------------------------------------------------

Jerry Ware UNIVERSITY OF ARKANSAS FOR MEDICAL SCIENCES

In this issue of Blood, Estevez et al propose a model of platelet activation induced
by low levels of thrombin and requiring 2 different platelet receptors that
demonstrate a mutually dependent cooperativity.1

Thrombin is the central player in hemostasis
and thrombosis. As the major platelet

agonist, thrombin leads to platelet activation
and thrombus formation. There exists a vast
literature documenting thrombin binding
to platelets and the platelet’s response.
The earliest studies identified the platelet
glycoprotein Ib-IX complex (GPIb-IX)
receptor as a high affinity thrombin binding
site on the platelet surface.2 This conclusion
has been supported by multiple lines of
evidence including inhibitory anti-GPIb
monoclonal antibodies, peptide inhibition
studies, and site-directed mutagenesis.3

However, the relevance of GPIb-IX as “the
thrombin receptor” required rethinking with
the important discovery of protease-activated
receptors (PARs).4 This elegant work
demonstrated that PARs cleaved by thrombin
expose a unique tethered ligand sequence that
initiates intracellular signaling and platelet
activation. However, the situation is more
complex when considering the response of
platelets to low dose thrombin, as here the

presence of GPIb-IX is required. Thus,
unresolved questions of precisely how
thrombin participates in platelet activation
have remained.

Some have suggested the role of thrombin
binding to platelet GPIb-IX as a “docking site”
or “binding site” on the platelet membrane that
facilitates the cleavage and activation of PARs.5

As such, GPIb-IX would be considered
a surface-binding site that is unable to transmit
activation signals to the intracellular platelet
milieu. Alternatively, others have presented
data that catalytically inactive thrombin can still
activate platelets, suggesting that GPIb-IX is
a likely mediator in this pathway.6 The current
work of Estevez et al uses heterologous cell
lines, mutant GPIb-IX receptors, catalytically
inactive thrombin, and a variety of
pharmacologic inhibitors targeting thrombin
and GPIb-IX to gain insight into the cellular
response elicited by thrombin. The data
lead to a model whereby GPIb-IX is neither
a simple thrombin “docking site” nor
a PAR-independent thrombin receptor
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(see figure). Rather, there is signaling
cooperativity between GPIb-IX and PARs
in the presence of low levels of thrombin.
PAR-dependent responses require
GPIb-IX, and GPIb-IX signaling requires
cooperativity with PARs. The authors
demonstrate the mutually dependent
cooperativity signals via the 14-3-3-Rac1-
LIMK1 pathway, which is also associated
with von Willebrand factor signaling via
GPIb-IX.7

The results presented with reconstituted
platelet receptors on the surface of
heterologous cell lines are compelling, but
the important biologic question is whether
low levels of thrombin are physiologically
relevant during thrombus formation. To
address this question, the authors conclude
with a determination of in vivo thrombin
levels at the site of a growing thrombus.
Importantly, these data do document low
levels of thrombin surrounding a growing
thrombus consistent with the thrombin levels
where the GPIb-IX/PAR cooperativity was
observed. Thus, the in vivo result validates
the importance of the data obtained using
the heterologous cell model.

Although the work is performed and
presented in a convincing manner, are there
still unrecognized complexities that could
challenge the proposed model? The
experimental model of reconstituted platelet
receptors in heterologous cells is certainly far
removed from the anucleate platelet. Indeed,

in the case of GPIb-IX, the platelet situation
includes an additional subunit, GP V, often
referred to as the GPIb-IX-V complex. Could
the absence of GP V in the heterologous cell
model alter the in vivo response to thrombin?
It is known that GP V binds thrombin and
that GP V-deficient mice have an altered
thrombin response.8 Thus, the in vivo
situation could be more complex. In addition,
how faithfully does the Chinese hamster ovary
cell recapitulate the signaling pathways of
a circulating platelet? The same group has
previously described a membrane permeable
peptide of cytoplasmic GPIb sequence that
disrupts the 14-3-3-Rac1-LIMK1 signaling
pathway in human platelets.9 However, there
still could be subtleties between heterologous
cells and platelets impacting the major
thrombin-centric conclusions in the current
work. Yes, the heterologous cell model is
a powerful and valuable experimental tool,
but it is worth remembering that it is not
a platelet. The future direction from this
current work will likely be a more rigorous
test of the cooperativity model in a platelet
setting.

Going forward, could these data support
the development of antagonists that
selectively target the cooperative pathways
of PARs and GPIb-IX? Certainly, this new
work fromEstevez et al’s laboratory leads us in
that direction. Even more widespread interest
would be generated if these antagonists were
not only beneficial as anti-thrombotics, but
also displayed anti-inflammatory and/or
anti-cancer benefits.10More studies will likely
follow and the widespread availability of
platelet-specific reagents and experimental
approaches gives the work reported in this
issue of Blood a high level of interest and
importance.
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Comment on Chung et al, page 637

HDL/ApoA-I: role in
VWF-dependent thrombosis
-----------------------------------------------------------------------------------------------------

Augusto B. Federici UNIVERSITY OF MILAN

In this issue of Blood, Chung and colleagues demonstrate in vitro and in an animal
model that von Willebrand factor (VWF) self-association under shear stress can
be modulated by the high-density lipoprotein and apolipoprotein A-I (HDL/ApoA-I)

Signaling-mediated cooperativity between platelet

GPIb-IX and PAR1. Depicted is a model for indepen-

dent thrombin binding to 2 different platelet receptors

that elicit mutually dependent signals via the 14-3-3-

Rac1-LIMK1 pathway. See Figure 6i in the article by

Estevez et al that begins on page 626.
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