
Depiction of two different mouse models of pediatric (A) and adult (B) Flt3-ITD co-mutant myeloid leukemia. (A)
Flt3-ITD plus NUP98-translocation (NUP98-t) leads to early transcriptional reprogramming with unique upregu-
lation of type 1 interferon. Co-mutant MPPs expand to give rise to AML. (B) Flt3-ITD plus RUNX1MUT leads to late
transcriptional reprogramming and expansion of co-mutant MPPs and GMPs giving rise to AML. Professional
illustration by Patrick Lane, ScEYEnce Studios.
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significantly delayed leukemogenesis
and prolonged survival. Future studies
will need to understand whether type 1
interferon signaling can be leveraged
therapeutically for treatment of pediatric
FLT3-ITD mutant AML. In summary, the
functional output of FLT3-ITD signaling
is dynamic and has age-, cell-type–, and
co-mutation-specific dependencies. This
lesson in FLT3-ITD signaling will not
soon be forgotten and will affect how we
think about responsiveness to TKIs and
other therapies in the future in different
FLT3-ITD mutant AML subtypes.
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Keeping it together
Andrew Yee | Baylor College of Medicine

In this issue of Blood, Tischer et al1 add to the growing pool of evidence that
allostery within von Willebrand factor (VWF) regulates platelet adhesion.
Rapid platelet adhesion to vascular
injuries has long been known to
depend on VWF, a flexible multimeric
protein with a structure that underlies
its ability to target platelets. A balance
between intramolecular interactions
and hemodynamic forces keeps plasma
VWF from binding circulating platelets.
Upon immobilization, VWF unravels
and elongates in response to fluid flow,
which activates specific monomers
within the multimer for platelet
adhesion.2 The molecular mechanisms
that govern this highly regulated
switch have been a subject of intense
investigation.

Distinct domains with specific functions
comprise a single monomer of a VWF
multimer. The platelet-binding interface
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Intramolecular interaction(s) between A1 and A2 regulates VWF shear-dependent functions. The absence of the
C1669–C1670 disulfide bond in the VWF A2 domain of a model polypeptide (A1A2A3) leads to greater
deformations that promote intramolecular dissociation between the A1 and A2 domains. As a result, platelets
translocate more slowly across immobilized A1A2A3C1669S/C1670S than they do across A1A2A3wt. Prolonged
tension from bound platelets under flow and a more easily unfolded A2 should enhance VWF’s susceptibility to
proteolysis by ADAMTS13. Professional illustration by Somersault18:24.
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and the scissile bond for the metal-
loprotease ADAMTS13 (von Willebrand
factor-cleaving protease), are located in
the VWF A1 and A2 domains, respec-
tively. Efforts to elucidate the mecha-
nisms by which VWF binds to its platelet
receptor, glycoprotein Ibα (GPIbα), and
is proteolyzed in response to hemody-
namic forces have focused largely on
the individual domains’ direct interac-
tions with their counterparts.3 However,
a growing body of literature indicates
that allosteric mechanisms control A1-
GPIbα and A2-ADAMTS13 interactions.
Flexible polypeptides flanking the A1
domain act as gatekeepers to the
interface for GPIbα.4 Furthermore,
interactions between the VWF A1 and
A2 domains may additionally regulate
VWF–platelet interaction, as well as
VWF proteolysis by ADAMTS13.5,6

All but one of VWF’s domains (A2)
contain a long-range disulfide bond(s)
that constrains their overall architecture
and inhibits extensive unfolding when
tensioned at their N- and C-termini by
physiological forces.3 The tertiary struc-
ture of the VWF A2 domain is instead
supported by noncovalent interactions
that permit unwinding upon stimulation.
Among its multiple structural features,
the A2 domain contains vicinal cysteines
(C1669 and C1670) that form a disulfide
bond that reversibly integrates with the
hydrophobic, β-sheet core to help sta-
bilize A2’s folded conformation, a key
structural feature in shielding the scissile
bond from ADAMTS13.3 A2 expressed
as a polypeptide without C1669 and
C1670 (G1481-R1668) inhibits platelet
adhesion to immobilized VWF, possibly
due to its affinity for A1’s GPIbα-binding
conformation.7 In plasma, C1669 and
C1670 are found in multiple redox
states, with the nonoxidized forms (ie,
loss of disulfide) reported to result in
diminished VWF–platelet interaction.5

In contrast to the findings in these previ-
ous reports, Tischer et al found that the
absence of a disulfide bond between
C1669 and C1670 resulted in a slightly
but significantly increased affinity between
GPIbα and a model VWF polypeptide
spanning its 3 A domains.1 The overall
platelet adhesion profile was elevated,
with no change in the characteristic
shear-dependent catch-slip behavior
for the polypeptide with substitutions,
C1669S and C1670S, suggesting
that the mechanical pathway in A1
for GPIbα-binding remained intact.
Hydrogen–deuterium exchange mass
spectrometry detected greater solvent
access to not only the A2 domain for
23 M
C1669S/C1670S but also secondary
structures in A1 that form part of VWF’s
interface with GPIbα. Thermodynamic
analyses suggested that the more
dynamic conformation of A2, due to the
C1669S and C1670S substitutions, lessens
A1–A2 interaction in the model VWF
polypeptide, possibly giving A1 a greater
opportunity for GPIbα-binding. Together,
these data suggest that A1 uncoupling
from A2 may be an initiating step for
exposing tensioned VWF to platelets.
Intriguingly, kinetic binding assays
demonstrated that an interaction between
GPIbα and A2 (with and without C1669
and C1670), expressed in Escherichia coli
but not mammalian cells, inhibited the
binding of GPIbα to A1, providing an
alternative interpretation of previous
reports that concluded that E. coli–derived
A2 (with or without C1669 and C1670)
binds A1 to inhibit GPIbα-binding.5,7

How unfolding of A2 due to a loss of its
vicinal disulfide bond may manifest as
multimeric VWF in vivo remains to be
determined. Multimeric VWF with C1669A
and C1670A is more susceptible to pro-
teolysis by ADAMTS13, consistent with a
more dynamic A2 conformation.8 With a
greater chance for A1–GPIbα interactions
due to a loss of the vicinal disulfide bond,
enhanced VWF proteolysis can be posited
as a result of heightened rheological
sensitivity for A2 unfolding in VWF-platelet
complexes (see figure).9 Although this
postulate would portend a loss of high–
molecular weight VWF, missense variants
at C1669 or C1670 have not been asso-
ciated with von Willebrand disease.

The vicinal cysteines in A2 are highly
conserved, suggesting that the A1–A2
interaction may be a common mecha-
nism for regulating VWF–platelet inter-
actions. However, whether and to what
extent these vicinal cysteines form a
disulfide bond in other species remain
undetermined. Also, how species with
no cysteines in their A2 domain (eg,
Danio rerio, Oryzias latipes, and Taki-
fugu rubripes) regulate VWF structure to
maintain hemostasis is unclear.

Despite reaching opposing conclusions,
Tischer et al and Butera et al point to a
cooperation between A1 and A2 in which
C1669 and C1670 are key residues for
regulating platelet adhesion.1,5 Should
this disulfidebe specifically broken (all 169
cysteines within a monomer of mature
VWF are assigned to a disulfide bond3),
ARCH 2023 | VOLUME 141, NUMBER 12 1375
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the different fates of the functional groups
(eg, thiol, sulfenic acid, or their derivatives)
and their ramifications would also be
important to consider. As demonstrated
for transaldolase, cysteines can covalently
bind lysines via a sulfur–oxygen–nitrogen
bridge that acts as an allosteric redox
switch.10 As new insights emerge from this
continuing debate, new opportunities to
identify novel targets in VWF to promote
hemostasis in bleeding disorders or to
abrogate platelet adhesion in thrombotic
disorders will arise.
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Targeting a deubiquitinase
blocks GVHD
Mark A. Schroeder | Washington University School of Medicine in Saint Louis

In this issue of Blood, Cheng et al1 have identified that targeting of a deubiqui-
tinase (DUB), ovarian tumor deubiquitinase 1 (OTUD1), leads to inhibition of
Notch2 signaling and abrogation of acute graft-versus-host disease (GVHD).
June 2024
In the past few years, we have seen the
approval of several drugs to treat GVHD
in humans. Despite the advancements in
our understanding of the disease and
the treatment or prevention of acute
GVHD, it remains a problem after allo-
geneic transplant, affecting up to one-
half of recipients, and new approaches
are needed.

One novel approach in treating GVHD is
targeting the Notch pathway. The role of
Notch signaling in T cells involved in
acute and chronic GVHD has been
elucidated. Notch signaling is not only
critical to immune cell development but
regulates mature T-cell activation, dif-
ferentiation, and function during acute
GVHD.2 Notch inhibition has been
reported to be most effective when tar-
geting both Notch1 and Notch2 iso-
forms.3 Attempts to target Notch have
included γ-secretase inhibitors (GSIs),
anti-Notch antibodies, anti-Notch ligand
antibodies, or an inhibitor of the tran-
scription complex downstream of
Notch.4 Broadly, targeting the Notch
pathway with GSIs has proven difficult
because of Notch’s role in many cellular
processes outside of the T cell
MBER 12
compartment, including the gut epithe-
lium. Systemic pan-Notch inhibition with
GSIs was poorly tolerated with gut
toxicity made worse by transplant.3 Tar-
geted antibodies against Notch ligands
can also control GVHD when used tran-
siently,5 but it is unclear what the
long-term effects of pan-Notch inhibition
are and whether this could affect T-cell
development in the thymus and immune
reconstitution after transplant.

Notch, like many cellular proteins, is sub-
ject to degradation through ubiquitination.
Regulation of ubiquitination has been
recognized as a means to fine-tune
immune responses in T cells. The first
drug approved targeting ubiquitination
was bortezomib, and inhibition of the pro-
teasome, and therefore destruction of
ubiquitinated proteins, by bortezomib
attenuated acute GVHD.6 Ubiquitination is
also reversible through isopeptidases
calledDUBs. There are over 100DUBs, but
their role in allogeneic T-cell responses and
GVHD is poorly understood, with only 1
DUB previously being implicated.7 No
specific DUB has been identified for
Notch2 prior to this work. OTUD1 is a DUB
implicated in the inflammatory immune

nity, and cancer. Loss-of-function muta-
tions of OTUD1 have been identified in
patients with autoimmune diseases.8 In
addition, OTUD1 in hematopoietic cells
inhibited colonic inflammation in a dextran
sulfate sodium–induced colitis model.9 On
the other hand, deficiency of OTUD1 has
been reported to inhibit pro-inflammatory
cytokine production following fungal
infection, making deficient animals more
susceptible to infection.10 No specific
inhibitors to OTUD1 have been identified
to date.

In the current study, Cheng et al
explored, through a series of experi-
ments, the role of OTUD1 and Notch
signaling in alloreactive T cells. They
show that OTUD1 is upregulated in
T cells of human patients with acute
GVHD. They provide evidence that
OTUD1 enhances alloreactive Th1 and
Th17 T cells by increasing the activity of
intracellular Notch. Absence of OTUD1 in
T cells led to decreased T cell activation,
decreased Th1- and Th17-polarized
T cells, and increased regulatory T cells,
while impairing proliferation in activated
CD4+ T cells. Donor OTUD1 deficiency
inhibited T-cell activation, differentiation,
and proinflammatory cytokine production.
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