
proteins that interact with the SH3 domain of
PSTPIP1 to create a broader picture of the
general consequences of the R405C mutation.

Furthermore, the study by Starnes et al
provides new insight into the role of PSTPIP1 as
a regulator of the transition between podosomes
and filopodia on 2D substrates. While there
are examples of podosome alterations that
correlate with inhibited ECM degradation,5,8

here, in the absence of podosomes, the delivery
of proteases appeared to be transferred to
filopodia with an even more efficient matrix-
degrading activity inPSTPIP1-R405Ccells than
in control macrophages. This suggests that
filopodia can substitute for podosomes to
degrade ECM proteins. Migration in 3D dense
matrices such as Matrigel requires ECM
degradation for macrophages to create paths.9

In these environments, macrophages form cell
protrusions called 3D podosomes at the tip of
which podosome proteins accumulate along
with F-actin and matrix proteolytic activity.9,10

The study by Starnes et al provides a very
important observation because it shows that
the ability of this patient’s cells to migrate in
dense matrices is highly efficient despite
podosome disruption. It will be interesting to
characterize whether filopodia-bearing cells in
2D do form 3D podosome structures in
dense matrices.

Mutations in PSTPIP1 that disrupt the
interaction with PTP-PEST result in impaired
chemotaxis and 3D migration of macrophages,
whereas the R405C mutation triggers an
opposite phenotype, which would be expected
to lead to different clinical outcomes. Indeed,
the patient with the R405C mutation showed
aggressive pyoderma gangrenosum but no
arthritis, whereas arthritis is usually very
prominent in patients carrying A230T or
E250Q mutations. Those observations suggest
that different mechanisms are involved in
the two aspects of this autoinflammatory
syndrome. Thus, extension of our knowledge
about PAPA syndrome mutations may
eventually help to adapt therapies. In line with
this, therapies targeting IL-1b lack efficacy in
some patients2 and the study by Starnes et al
may help us understand why.

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

REFERENCES
1. Starnes TW, Bennin DA, Bing X, et al. The

F-BAR protein PSTPIP1 controls extracellular matrix
degradation and filopodia formation in macrophages.
Blood. 2014;123(17):2703-2714.

2. Smith EJ, Allantaz F, Bennett L, et al. Clinical,
Molecular, and Genetic Characteristics of PAPA
Syndrome: A Review. Curr Genomics. 2010;11(7):519-527.

3. Cortesio CL, Wernimont SA, Kastner DL, Cooper
KM, Huttenlocher A. Impaired podosome formation and
invasive migration of macrophages from patients with
a PSTPIP1 mutation and PAPA syndrome. Arthritis
Rheum. 2010;62(8):2556-2558.

4. Linder S, Wiesner C, Himmel M. Degrading devices:
invadosomes in proteolytic cell invasion. Annu Rev Cell
Dev Biol. 2011;27:185-211.

5. Cougoule C, Le Cabec V, Poincloux R, et al.
Three-dimensional migration of macrophages requires
Hck for podosome organization and extracellular matrix
proteolysis. Blood. 2010;115(7):1444-1452.

6. Dovas A, Gevrey JC, Grossi A, Park H, Abou-Kheir
W, Cox D. Regulation of podosome dynamics by WASp
phosphorylation: implication in matrix degradation and
chemotaxis in macrophages. J Cell Sci. 2009;122(Pt 21):
3873-3882.

7. Blundell MP, Bouma G, Metelo J, et al.
Phosphorylation of WASp is a key regulator of activity and
stability in vivo. Proc Natl Acad Sci USA. 2009;106(37):
15738-15743.
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Eliminate dark side from
antiplatelet therapy
-----------------------------------------------------------------------------------------------------

Yoshiaki Tomiyama1 1OSAKA UNIVERSITY HOSPITAL

In this issue of Blood, Stefanini and colleagues report a new way to regulate
platelet function. Mice expressing a talin-1 mutant (W359A) that disrupts its
binding to the NPxY motif in b3 were protected from experimental thrombosis
without undermining hemostasis by decelerating aIIbb3 activation.1

In addition to their essential role in
hemostasis, platelets play a crucial role in

a pathological thrombus formation, particularly
within atherosclerotic arteries subjected to
high shear stress.2 As an initial step in
thrombogenesis (or hemostasis), platelets
adhere to altered vascular surfaces or exposed
subendothelial matrices, then become activated
and aggregate each other to grow thrombus
(or platelet plug) volume. These processes
are primarily mediated by platelet surface
glycoproteins: GPIb-IX-V, integrin a2b1 (also
known as GPIa-IIa), GPVI, and integrin
aIIbb3 (GPIIb-IIIa).3 Integrins are a family of
ab heterodimeric adhesion receptors that
mediate cellular attachment to the extracellular
matrix and cell cohesion.4 Among integrins,
platelet aIIbb3 is a prototypic non-I domain
integrin and plays an essential role in
platelet aggregation and thrombus growth as
a physiological receptor for fibrinogen and
von Willebrand factor, as evidenced by the
clinical features of congenital bleeding

disorder—Glanzmann thrombasthenia.3

After exposure to subendothelial matrix
including collagen and von Willebrand
factor and/or several mediators (agonists)
including adenosine 59-diphosphate (ADP),
thromboxane A2, and thrombin, platelets
become activated and a series of intracellular
signaling events (“inside-out” signaling) that
rapidly induce a high-affinity state of aIIbb3
from its low-affinity state for soluble ligands
(aIIbb3 activation) are generated. In fact,
aIIbb3 activation is indispensable for platelet
aggregation, and specific binding of the
cytoskeletal proteins, talin and kindlin-3, to the
cytoplasmic tail of the b3 subunit is the final
common step in aIIbb3 activation.5 Although
aIIbb3 represents a rationale target for
antithrombotic therapy, strong inhibition of
aIIbb3 increased bleeding complication. This
is also true in the case of P2Y12 inhibitors.

6

Investigators are still searching for the
“magic bullet” that selectively targets
pathological thrombus formation without
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undermining hemostasis.7 In this issue of
Blood, Stefanini et al report a new strategy
to segregate antithrombotic capacity from
bleeding complications by modifying aIIbb3
activation via disrupting of talin-1 interaction
with b3 cytoplasmic tail. Talin-1 is a large
protein (;270 kDa) that consists of a;50 kDa
globular head domain and an elongated flexible
220-kDa rod domain. Talin head domain
contains 4 subdomains: F0, F1, F2, andF3, and
recent structural and biochemical studies have
established that aIIbb3 activation requires
interaction of talin F3 domain with 2 distinct
binding sites in the b3 cytoplasmic tail: a
membrane distal region (a proximal NPxY
motif) and amembrane proximal region (MPR)
of b3. “Inside-out” signaling first induces
the talin F3 domain binding to the NPxY
motif, which stabilizes additional interactions
between talin F3 and MPR.8,9 Unlike talin-1,
kindlin-3 binds to the membrane-distal NxxY
motif of the b3 cytoplasmic tail9 (see figure).
Both talin L325R and W359A mutants that
selectively disrupt talin binding to the
membrane proximal region and to the NPxY
motif, respectively, have been reported to
abolish integrin activation in Chinese hamster
ovary cells.8 In contrast, it has been reported
that in a human megakaryocytic cell line,

CMK, all talin mutants (L325R, S365D,
S379R, and Q381V) selectively disrupting the
binding toMPR completely lost their ability to
activate aIIbb3, whereas talinW359A retained
some ability to activate aIIbb3.10 To further
elucidate the functional differences between
talin L325R and talin W359A in vivo, the
authors generate a series of platelet-specific
talin-1 mutant knock-in mice. Because
homozygotes for either talin-1L325R or talin-1
W359A were embryonic lethal, talin-1
(L325R/wt) or talin-1(W359A/wt) mice were
crossed with platelet-specific talin-1 knockout
(talin-1flox/flox Pf4-Cre1) mice to generate
compound heterozygous (talin-1 L325R/flox
Pf4-Cre1 and talin-1W359A/flox Pf4-Cre1)
and control mice (talin-1wt/flox Pf4-Cre1).
Thus, as compared with wild-type mice, these
mice express only 50% of talin-1 in platelets,
even in control mice (talin-1 wt/flox
PF4-Cre1). The phenotype of talin-1(L325R)
mice was very similar to that of talin1-
deficient mice. These mice were protected
from FeCl3-induced thrombosis model in the
carotid artery, whereas tail-bleeding time was
markedly increased as expected. Compared
with wild-type mice, the 50% reduction of
talin-1 expression in platelets in control mice
(talin-1wt/flox Pf4-Cre1) used in this report

had no effect on occlusion times in the
thrombosis experiments. It is especially
noteworthy that talin-1 (W359A) mice were
protected from the experimental thrombosis
without pathological bleeding. Moreover,
in vitro experiments revealed that talin-1
(W359A) head domain bound to b3 tail with
2.9-fold lower affinity compared with wild-
type talin-1 head domain, which is likely
responsible for slower aIIbb3 activation,
delayed platelet aggregation and markedly
reduced ex vivo thrombus formation under
high sear rate. However, under low shear rate,
talin-1 (W359A) platelets had a capacity to
form a small 3-dimensional thrombus.

This report reveals that the interaction of
talin-1 with the MPR of b3 tail plays a more
critical role in aIIbb3 activation than with the
NPxY motif in vivo. The disruption of the
interaction with the NPxY motif did not
abolish, but reduced, the affinity of talin-1 for
b3 tail, thereby decelerating aIIbb3 activation.
It is likely that rapid aIIbb3 activation on
platelets is a prerequisite for pathological
thrombus formation, particularly within
atherosclerotic arteries subjected to high shear
stress. This report newly proposes that
deceleration of aIIbb3 activation could be
a smart way to prevent thrombosis without
increasing bleeding tendency. Further studies
are warranted to find the “magic bullet.”
Conflict-of-interest disclosure: The author

declares no competing financial interests. n

REFERENCES
1. Stefanini L, Ye F, Snider AK, et al. A talin mutant that
impairs talin-integrin binding in platelets decelerates
aIIbb3 activation without pathological bleeding. Blood.
2014;123(17):2722-2731.

2. Fuster V, Badimon L, Badimon JJ, Chesebro JH. The
pathogenesis of coronary artery disease and the acute
coronary syndromes (1). N Engl J Med. 1992;326(4):
242-250.

3. Tomiyama Y, Shiraga M, Shattil SJ. Platelet membrane
proteins as adhesion receptors. In: Gresele P, Page C,
Fuster V, et al, eds. Platelets in thrombotic and non-
thrombotic disorders: pathophysiology, pharmacology and
therapeutics. Cambridge, U.K.: Cambridge: 2002:80-92.

4. Hynes RO. Integrins: bidirectional, allosteric signaling
machines. Cell. 2002;110(6):673-687.

5. Shattil SJ, Kim C, Ginsberg MH. The final steps of
integrin activation: the end game. Nat Rev Mol Cell Biol.
2010;11(4):288-300.

6. Wiviott SD, Braunwald E, McCabe CH, et al;
TRITON-TIMI 38 Investigators. Prasugrel versus
clopidogrel in patients with acute coronary syndromes.
N Engl J Med. 2007;357(20):2001-2015.

7. Jackson SP, Schoenwaelder SM. Antiplatelet therapy:
in search of the ’magic bullet’. Nat Rev Drug Discov. 2003;
2(10):775-789.

Schema of talin-1 and kindlin-3–dependent aIIbb3 activation. Talin-1 and kindlin-3 are prerequisite for aIIbb3 activation

via “inside-out” signaling. Talin-1 binds to 2 distinct binding sites in the b3 cytoplasmic tail: a membrane distal region

(a proximal NPxY motif) and a MPR of b3, whereas kindlin-3 binds to the membrane-distal NxxY motif of the b3

cytoplasmic tail.

2600 BLOOD, 24 APRIL 2014 x VOLUME 123, NUMBER 17

D
ow

nloaded from
 http://ashpublications.net/blood/article-pdf/123/17/2599/1376054/2599.pdf by guest on 18 M

ay 2024



8. Wegener KL, Partridge AW, Han J, et al. Structural
basis of integrin activation by talin. Cell. 2007;128(1):
171-182.

9. Calderwood DA, Campbell ID, Critchley DR. Talins
and kindlins: partners in integrin-mediated adhesion. Nat
Rev Mol Cell Biol. 2013;14(8):503-517.

10. Nakazawa T, Tadokoro S, Kamae T, et al. Agonist
stimulation, talin-1, and kindlin-3 are crucial for a(IIb)b(3)
activation in a human megakaryoblastic cell line, CMK.
Exp Hematol. 2013;41(1):79-90, e1.

© 2014 by The American Society of Hematology

l l l THROMBOSIS & HEMOSTASIS

Comment on Nguyen et al, page 2732

Decrypting C2 inhibitors
-----------------------------------------------------------------------------------------------------

Jan Voorberg1 and Henriët Meems1 1SANQUIN-ACADEMIC MEDICAL CENTER LANDSTEINER LABORATORY

In this issue of Blood, Nguyen et al employ high-resolution mapping to precisely
define epitopes on the C2 domain of blood coagulation factor VIII (FVIII).1 Their
results nicely complement a recent report in Blood describing the structure of
a ternary complex of 2 inhibitory antibodies with the C2 domain.2 Together, these
studies reveal fascinating molecular details on the unexpectedly large number of
exposed surfaces in the C2 domain that contribute to the binding of inhibitory
antibodies. These findings are relevant in the context of neutralizing anti-FVIII
antibodies that develop in patients with hemophilia A. Insight into the antigenic
properties of the C2 domain is needed to design FVIII variants with decreased
antigenicity. Pioneering studies by Dorothea Scandella on the epitope mapping of
FVIII inhibitors already pointed toward the C2 domain as a major binding site for
FVIII inhibitors.3 The recent studies by Nguyen and Walter, combined with
earlier work by Meeks et al, have provided evidence for 3 major binding sites for
inhibitory anti-FVIII antibodies within the C2 domain.4 The overall dimensions
of the C2 domain are small when compared to antibodies. Nevertheless, at
least 2 and probably 3 monoclonal antibodies can simultaneously bind to the C2
domain.2 The mapping studies reported by Nguyen also suggest the presence of
3 distinct clusters of surface-exposed side chains on the FVIII C2 domain
(see figure).1

The results obtained raise the issue of why so
many distinct antigenic sites are present

within the C2 domain. The currently available
structures of antibodies in complex with the C2
domain reveal that positively charged surfaces
contribute to the binding of anti-C2

antibodies.2,5 These positively charged clusters
contribute to the binding of FVIII to negatively
charged phospholipids. Conversely, these
patches of positively charged amino acids may
also direct the immune response toward the C2
domain by promoting the selection of B-cell

clones expressing antibody molecules with
negatively charged residues in their variable
domains.

It should be noted that the majority of
monoclonal antibodies analyzed in this study
are derived from hemophilia A mice injected
with human FVIII. Epstein-Barr virus
immortalization and phage display have been
employed to isolate human monoclonal anti-C2
antibodies from peripheral blood of inhibitor
patients.6,7 Reactivity of only a single human
monoclonal antibody (BO2C11) belonging to the
type AB group (see figure) was included in this
study. Competition experiments have shown
that so-called type BC/C antibodies (see
figure) are also present in patients with FVIII
inhibitors.8 Nevertheless, it would be important
to extend the innovative studies reported in this
article to apanel of humanmonoclonal antibodies
derived from B cells of inhibitor patients.

In their search for antigenic sites on the C2
domain, Nguyen et al focused on antigenic
variants that increased the dissociation rate of
antibody–C2 domain complexes. This elegant
approach has proven to be highly diagnostic for
the identificationof residues crucial for the high-
affinity binding of antibodies to the C2 domain.
Modification of the identified C2 domain
residues in conjunction with antigenic loops in
other antigenic sites within other domains
provides an interesting approach for the
development of less-antigenic variants of FVIII.

Apart from the proposed modification of
B-cell epitopes on FVIII, a number of other
approaches are currently being explored to
prevent formation or eradicate preexisting
inhibitors in hemophilia A patients.9,10 These
efforts, together with the novel half-life-
extending bioengineered FVIII molecules and
the recent revival of gene therapy approaches,
provide exciting new opportunities to further
extend the current portfolio of therapeutic
options for hemophilia A.
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Inhibitor epitopes on the C2 domain. Binding sites of the 5 different types (A, AB, B, BC, and C) of anti-C2 domain

antibodies are displayed. The orientation of the C2 domain is depicted below the image. For type AB and B antibodies,

a bottom view of the C2 domain is shown. Image was prepared using the crystal structure of B domain-deleted FVIII

(3cdz), using PyMOL.
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