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The knowledge gained from “experiments of nature” has always been paramount in identifying key players in
pathophysiologic pathways. This is well characterized by naturally occurring bleeding and thrombotic disorders. In most
cases, it is the absence of a particular protein that leads to recognition of its importance for normal physiology. On the
other hand, gain-of-function mutations highlight not only the presence of the protein, but also how it regulates a particular
physiologic response. In this issue of the JCI, Casari and colleagues define a previously unrecognized consequence of
variant type 2B von Willebrand factor (vWF) binding to blood platelets. More than 30 years after an initial description of
type 2B variant vWF, the consequence of this spontaneous variant vVWF binding to platelets is viewed as a dysregulation
of platelet signaling pathways contributing to the type 2B bleeding phenotype.
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The knowledge gained from “experiments of nature” has always been par-
amount in identifying key players in pathophysiologic pathways. This is
well characterized by naturally occurring bleeding and thrombotic disor-
ders. In most cases, it is the absence of a particular protein that leads to
recognition of its importance for normal physiology. On the other hand,
gain-of-function mutations highlight not only the presence of the protein,
but also how it regulates a particular physiologic response. In this issue
of the JCI, Casari and colleagues define a previously unrecognized conse-
quence of variant type 2B von Willebrand factor (vWF) binding to blood
platelets. More than 30 years after an initial description of type 2B variant
vWF, the consequence of this spontaneous variant vWF binding to platelets
is viewed as a dysregulation of platelet signaling pathways contributing to

the type 2B bleeding phenotype.

Type 2B von Willebrand disease

Among bleeding disorders, von Willebrand
disease (vWD) is the most common. This
inherited disorder is caused by production
of a dysfunctional von Willebrand factor
(VWF) (1). The current paradigm for the
hemostasis regulation is that vWF circu-
lates as a soluble multimeric protein with
an indeterminate affinity for platelets or
the intact vessel wall (2). Following vascu-
lar damage, surface-bound vWF is exposed
in the subendothelium and captured from
flowing blood to become a key bridging
molecule, which supports platelet adhe-
sion to an altered vascular surface. Thus,
a simple explanation for the regulation of
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vWEF function is that soluble vWF has an
unmeasurable affinity for platelets, while
surface-bound vWF interacts efficiently
with platelets. The importance of vWF and
its platelet receptor, glycoprotein Ib-IX
(GP-Ib-IX), is highlighted by well-character-
ized mutations that lead to the absence of
vWEF or GP-Ib-IX, resulting in bleeding phe-
notypes (3, 4). vWD constitutes a complex
spectrum of clinical phenotypes that can be
further subclassified based on levels of cir-
culating protein, degree of protein multim-
erization, and functional interactions with
platelets and coagulation factor VIII (1, 3).
One of the more intriguing vWD subtypes
is the gain-of-function mutation designated
vWD-type 2B (5). In this case, single amino
acid mutations within the GP-Ib-IX-binding
domain of vWF lead to an altered confor-
mation that supports the soluble interac-
tion of vWF with platelets in the circulation
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(Figure 1A and refs. 6, 7). Because the con-
sequence of type 2B vWF is a spontaneous
interaction with circulating platelets, the
phenotypic outcome might be expected to be
a prothrombotic. Instead, vWD-type 2B leads
to a counterintuitive phenotype — increased
bleeding. The bleeding phenotype is thought
to be promoted by the largest vWF multim-
ers, which have the most hemostatic poten-
tial, being sequestered by platelets and unable
to participate in hemostasis. The presumed
consequences of soluble vWF binding to
platelets are intravascular platelet clumping,
platelet removal from the circulation, and
varying degrees of thrombocytopenia. Thus,
a combination of the absence of vWF with
the most hemostatic potential and thrombo-
cytopenia has historically been the explana-
tion of the type 2B bleeding phenotype.
While thrombocytopenia and the absence
of high-molecular-weight vWF are reason-
able explanations for type 2B bleeding, the
study by Casari et al. (8) in this issue of the
JCI adds an additional explanation. Their
current work suggests a third mechanism
for type 2B bleeding; thrombocytopathy as
a result of dysregulated platelet signaling
is a consequence of variant vWF binding to
platelets (Figure 1B). This dysregulated sig-
naling impairs platelet aggregation, plate-
let secretion, and platelet spreading. For
normal hemostasis, each of these platelet
events is critical for the temporal sequence
of events that support hemostasis. Spe-
cifically, Casari et al. provide evidence of
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Figure 1

Regulation of the vVWF/Platelet axis. (A) In response to endothelial cell damage, WT vWF binds to exposed extracellular matrix. This bind-
ing changes VWF affinity for the GP-Ib-1X, which promotes platelet adhesion. Platelet adhesion results in activation of integrins, including
allbp3, which in turn promotes platelet spreading, and aggregation. (B) A mutant vVWF associated with vWD-type 2B has increased affinity
for platelet GP-Ib-IX. Mutant vVWF prevents activation of allbf3, which reduces platelet adhesion, activation, and spreading in response to

endothelial cell damage.

decreased activation of the platelet fibrin-
ogen integrin receptor, allbf3, as a conse-
quence of type 2B vWF binding to platelet
GP-Ib-IX (8). Indeed, decreased activation of
alIbp3 would significantly impact hemosta-
sis. Thus, the work by Casari et al. provides
an important mechanistic observation to
explain bleeding associated with the type
2B phenotype more than 30 years after its
recognition as a distinct subtype of vWD (5).

Thrombocytopathy associated with
vWD-type 2B could also explain 2 addi-
tional features of the type 2B phenotype.
The first is a better explanation for why
type 2B does not result in some potential
for microthrombi formation. Dysregu-
lation of platelet signaling and reduced
allbf3 activation would support a type
2B-dependent antithrombotic mecha-
nism. Second, a diagnositic feature of
vWD-type 2B is platelet agglutination at
low doses of ristocetin, even though the
overall aggregation may be reduced. Again,
thrombocytopathy might be expected to
reveal itself with an overall diminished
platelet aggregation response, as observed
using type 2B plasma.

Mutant vWF/GP-lb-IX axis

The quest to understand the molecular
basis of the vWF/platelet GP-Ib-IX reg-
ulation has been a cornerstone of basic
hemostasis research. Studies of vWD-type
2B molecules have suggested that con-
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formational changes induced by muta-
tions in vWF increase the platelet-binding
affinity of vWF. For normal vWF, the sur-
face-bound form is assumed to undergo
key conformational changes that facilitate
an increased affinity for platelet GP-Ib-IX.
In the case of vWD-type 2B, the intrinsic
mutation itself leads to an increased affin-
ity for platelets (6). A similar increased
affinity between vWF and platelet GP-Ib-
IX can be caused by mutations in GP-Ib-
IX that result in a phenotype described as
“platelet-type vWD (Pt-vWD)” or “pseu-
do-vWD” (9, 10). Whether it is a gain-of-
function mutation in the ligand (vWD-
type 2B) or a mutation in the receptor
(Pt-vWD), the net result is an increased
bleeding risk. In support of the findings of
Casari et al., earlier work on the molecular
basis of Pt-vWD described a disruption of
signaling pathways as a consequence of
normal vWF binding to the mutant GP-Ib-
IX receptor (11). Both cases pose the ques-
tion of whether gain-of-function muta-
tions in the ligand or receptor mimic the
molecular events that occur during normal
hemostasis or thrombosis. It is well docu-
mented that the vWEF/GP-Ib-IX interaction
between normal molecules precedes plate-
let activation and facilitates hemostasis.
How the interaction of a mutant ligand
or receptor in the vVWF/GP-Ib-IX axis leads
to signaling dysregulation awaits more
detailed investigation.
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Whether or not the interaction between
vWF and platelets requires structural
changes in both vWF and the platelet
receptor, GP-Ib-IX, remains a long-standing
debate. Exposure of vWF and platelets to a
high-shear environment leads to a sponta-
neous interaction; however, it is less than
clear whether this shear-induced interac-
tion mimics those events occurring follow-
ing vascular damage and surface-bound
vWF. Solving the crystal structures of vIWF
in complex with the ligand-binding domain
of GP-Ib-IX has used the type 2B mutations
in vWF or the Pt-vWD mutation in GP-Ib-
IX to facilitate complex cocrystallization
(12). Considering the evidence that muta-
tions in either the ligand or receptor are
dysregulating platelet-dependent signaling
events, we wonder whether these structures
are telling us everything we should know
about the molecular interactions in normal
hemostasis. This is difficult to answer at
this point and further confounded when it
is recognized that all these structures have
been determined using purified domains of
vWF and GP-Ib-IX. The current structural
analysis disregards any complementation
that might occur from other domains of
vWF or GP-Ib-IX.

Antithrombotic approach

The work by Casari and colleagues (8) may
have implications for antithrombotic tar-
geting of the vWF/GP-Ib-IX axis. As with
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any antithrombotic approach, the diffi-
culty is finding efficacy without tipping the
hemostatic balance to increased bleeding
risk. Indeed, as a player in primary hemo-
stasis, the vWF/platelet GP-Ib-IX axis has,
to date, been a challenge to target without
considerable risk. The findings by Casari
et al. suggest an antithrombotic pathway
mechanistic approach that has yet to be
considered. While antagonizing the ligand/
receptor interaction could be justified for
interrupting primary hemostasis, a type 2B
mimetic has potential to bind to normal
platelet GP-Ib-IX and alter signaling path-
ways. Could such an approach lead to an
antithrombotic effect beyond just block-
ing a ligand/receptor interaction? Could
such a strategy lead to inhibition of acti-
vation pathways that mirror aspirin and/
or be complementary? While exploring this
strategy is beyond the scope of the study by
Casari et al., the identification of altered
signaling as a consequence of mutant
vWF binding to platelets suggests such an
approach might be feasible. Casari and col-
leagues are to be commended for providing

important data to explain molecular con-
sequences for a gain-of-function mutation
in vWF many years after the recognition of
type 2B as a distinct subtype of vWD.
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There is emerging evidence that autoantibodies directed against cytokines
modulate the severity of autoimmune disease. Identification of cytoki-
ne-targeted autoantibodies in patients can be informative for diagnosis
and predicting clinical outcome. In this issue of the JCI, Price and col-
leagues used a multiplex protein microarray to identify autoantibodies
in serum from SLE patients. They found autoantibodies directed against
the B cell-activating factor (BAFF) were associated with greater disease
severity. This study highlights the contribution of cytokine-directed auto-
antibodies in disease and describes a valuable tool for identifying autoan-

tibodies against serum antigens.

Cytokine-targeting autoantibodies

in disease

Spontaneous autoantibody production is
a hallmark of many autoimmune diseases,
and these disease-specific autoantibodies
are often useful in affirming a clinical auto-
immune diagnosis. For instance, clinicians
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test for autoantibodies against insulin and
other pancreas-specific antigens to differ-
entiate autoimmune (type 1) diabetes from
other types of diabetes. In addition to serv-
ing as markers for autoimmunity, autoan-
tibodies can play a central role in disease
pathogenesis. Strong evidence exists that
autoantibodies are important in devel-
opment of SLE, a systemic autoimmune
disease characterized by immune-medi-
ated injury that affects a large number of
tissues, including brain, blood vessels, and
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kidneys. Autoantibodies against nuclear
antigens are important in disease initia-
tion, directly mediating organ injury via
complement-mediated cascades and other
inflammatory mechanisms.

Interestingly, cytokines have now been
described as autoantibody targets in a
number of disease settings, resulting in
a range of clinical manifestations (1). In
many of these diseases, autoantibodies
are produced against cytokines that are
important in host defense and thus lead
to functional immunodeficiency. Autoim-
mune polyendocrinopathy syndrome type
1 (APS-1), for example, is characterized by
multiorgan autoimmunity and mucocu-
taneous candidiasis (2). For many years,
the predisposition to candidiasis, which
seemed to reflect a state of immunodefi-
ciency, appeared to be an inconsistent find-
ing among the multiple autoimmune man-
ifestations in APS-1. A possible explanation
for this seemingly irregular finding was
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