
accelerate development of hematologic
malignancy. These findings indicate a
remarkable context specificity of tumor
suppression by PHF6, dependent on the
cooperating mutation(s) involved.

Considering these novel findings on context-
specific tumor suppressive function of
PHF6, individuals with somatic or germ
line PHF6 mutations (ie, patients with
BFLS) may be at risk for hematologic
malignancy and likely should bemonitored
to enable early detection. A key out-
standing question is what are the com-
plements of cooperating mutations that
do, or do not, synergize with PHF6 to
cause malignancy? The cohort of sponta-
neous malignancies created by McRae
et al offer a good resource to begin
mutation profiling. In addition to molec-
ular specificity, there is also cell-context
specificity that should be addressed in
future studies to determine whether the
same molecular aberrations in PHF6 and
cooperating alleles cause distinct hema-
tologic malignancies in different cell types
(eg, HSCs vs T cells). Finally, gaining a
better understanding of the non-IFN-a–
mediated HSPC-intrinsic mechanisms im-
pacted by PHF6 mutation that function
to endow these cells with a competitive
advantage will be important for devising
therapeutic strategies to remove those
cells at risk of developing into a future
malignancy.
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PLATELETS AND THROMBOPOIESIS

Comment on Donada et al, page 1778

aIIbb3 changes gears
in MKs and platelets
Naoshi Sugimoto1,2 and Koji Eto1,3 | 1Kyoto University; 2Kagawa University
Hospital; 3Chiba University Graduate School of Medicine

In this issue of Blood, Donada et al use an isogenic human induced pluripotent
stem cell (iPSC) model to show that the loss of aIIbb3-filamin A interactions leads
to RhoA activation, proplatelet formation defects, and macrothrombocytopenia.1

Human iPSCs have emerged as a pow-
erful tool not only to regenerate human
cells and tissues, but also to recapitulate
disorders in vitro to identify the patho-
genesis and novel therapeutic approaches.
Donada and colleagues have used iPSCs to
probe a congenital macrothrombocytopenia
caused by mutations in the filamin A gene
on the X chromosome. Because of intrinsic
X chromosome inactivation, the establishment
of human iPSCs resulted in 2 groups of clones

silenced foreitheroneof theXchromosomes.
In other words, virtually isogenic iPSC clones
expressing either mutated or wild-type
genes were prepared.

Mutations in genes related tomegakaryocyte
(MK)-platelet cytoskeletal organization
have been known to cause congenital
macrothrombocytopenia, an array of dis-
orders that presentwith a reducedplatelet
count and platelets of large to giant size in
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In MKs, the binding of aIIbb3 to fibrinogen promotes PPF and platelet release. In platelets, the binding triggers
outside-in signaling, partly through talin, to induce platelet spreading, granule secretion, and RhoA-dependent clot
stabilization. Filamin A modulates these processes by inhibiting RhoA activity and by competing with talin.
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the blood circulation.2 Defects in proplate-
let formation (PPF) by improper cytoskeletal
rearrangement are responsible. Affected
genes include b1-tubulin (TUBB1), NMMHC-
IIA (MYH9), actin filament cross-linking
a-actinin-1 (ACTN1), integrin aIIbb3 (ITGA2B
and ITGB3), vWF-GPIb/IX/V (VWF, GP1BA,
GP1BB, and GP9), filamin A (FLNA), and
filamin A-phosphorylating kinase PRKACG
(PRKACG).2

Filamin A is known to connect GPIb and
aIIbb3 to actin fibers in the cytoplasm of
MKs and platelets. Female patients with a
heterogeneous mutation in FLNA have
been shown to have thrombocytope-
nia along with other malformations.2,3 The
circulating platelets show major and minor
populations of normal-size platelets with a
normal expression level of filamin A and
large-size platelets with a low expression
level of filamin A, respectively. These obser-
vations suggest that the defective platelets
come from MKs in which the X chromo-
some with wild-type filamin A is silenced.

To gain insights into the mechanism of
this congenital macrothrombocytopenia,
mouse knockout models and mouse em-
bryonic stem cells (ESCs) manipulated
for the expression of FLNA have been
studied.4,5 The macrothrombocytopenia
phenotype and defects in PPF were ob-
served in bothmodels. However, the ESC
model also showed inefficient MK dif-
ferentiation, whereas knockout mice
showed increased MKs in the bone
marrow and spleen. Aside from the use
of mouse models, the disagreement em-
phasizes the need for human cells to study
the pathogenesis in human patients. How-
ever, studies on patient bone marrow MKs
are lacking, presumably because of the
invasiveness of acquiring primary cells.

Donada et al established iPSCs from
2 female patients with different filamin A
mutations.1 Multiple iPSC clones express-
ing either wild-type or mutant filamin A
were obtained, thus enabling comparisons
of the phenotype in a virtually isogenic
human iPSC model. Although other X
chromosome genes differently expressed
between the 2 groups may affect
megakaryothrombopoiesis, this concern
was negligible here because the pheno-
type observed in the mutant clones was
common in the derived MKs.

First, the expression of mutant filamin A
was significantly reduced, which is in
accordance with a missing region that

protects filamin A against proteolysis.
Second, the mutant MKs showed de-
fective PPF, whereas MK differentiation
showed no apparent difference, as seen in
mouse models. Interestingly, in MKs cul-
tured on fibrinogen, an extraordinary de-
velopment of F-actin fiber bundles was
observed as the overactivation of RhoA, a
GTPase that stimulates actin polymeriza-
tion.6 Third, noting that no filamin A was
expressed in the MKs derived from the
iPSCs of 1 patient, the researchers over-
expressed a series of filamin A domain
deletion mutants into the iPSCs to clarify
the roles of interacting molecules. They
found that the overexpression of wild-type
filamin A restored normal thrombopoiesis,
but filamin A that had domains for binding
with aIIbb3 or r-GTPase deleted did not.
Finally, inhibitors of the RhoA effector
ROCK1/2 reversed the mutation pheno-
types of filamin A, in accordance with
ROCK inhibitors contributing to the en-
hanced production of iPSC-derived
platelets ex vivo.7 These findings sug-
gest that the aIIbb3-filamin A interaction
suppresses RhoA activation to form actin
stress fibers that hinder PPF. At the same
time, because the deletion of RhoA results
in macrothrombocytopenia in mice,8 an
optimal level of RhoA activation may be
required for proper PPF.

In platelets, vascular von Willibrand fac-
tor (vWF) binding to GPIb/V/IX or ex-
tracellular ADP and TXA2 binding to
platelet receptors leads to a conformational
change of aIIbb3 (GPIIb/IIIa; CD41/CD61).
This regulation is known as “inside-out
signaling” and leads to aIIbb3 binding
with fibrinogen. Then “outside-in sig-
naling” is triggered to induce cytoskel-
etal rearrangements for platelet spreading,
granule secretion, and RhoA-dependent
clot stabilization (see figure). Filamin A
binds to b3 integrin to inhibit outside-in
signaling by competing with talin or by
other mechanisms.6 Conversely, in MKs,
the study by Donada et al suggests that
the binding of aIIbb3 to fibrinogen, pos-
sibly in the bone marrow sinusoid or lung
capillary vessels, and the suppression of
RhoA activity by filamin A lead to co-
ordinated PPF and platelet release. This
mechanism may also underlie the phe-
notype of mutations in ITGA2B and ITGB3
to cause macrothrombocytopenia.2,9

Overall, the article by Donada et al
provided novel insights into filamin A–
related thrombopoiesis and revealed
potential drug targets for this disease.

However, the clinical application of
ROCK inhibitors for congenital macro-
thrombocytopenia is challenging because
the inhibitors may also induce chromo-
some instability. Drugs that specifically
target the filamin A–induced RhoA acti-
vation in MKs to ameliorate thrombo-
cytopenia in filamin A–mutant patients
would be a better option. High throughput
drug screeningusing iPSC-basedMKscould
be useful for identifying such drugs.10 Fur-
ther studies using isogenic iPSC models of
various congenital macrothrombocytopenia
should help clarify the complex molecular
regulation of PPF through cytoskeleton re-
arrangement and provide guidance for
novel treatment of congenital thrombo-
cytopenia and ex vivo platelet production.
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