
inflammatory cytokines that are observed in
the lesions of humans with aggressive LCH.
In stark contrast, mice with conditional
expression of BRAF-V600E in mature DCs
(under langerin promoter) developed a
low-grade, localized LCH-like disease. By
definition, driver mutations contribute toward
the initiation of cellular transformation and the
progression of malignant disease, 2 features
clearly illustrated in this interesting preclinical
model of LCH. Elegant models such as this will
certainly improve our understanding of the
complex pathogenesis of LCH and provide a
useful setting to test novel targeted therapies
exploiting this pathway.

Additional studies supporting the driver
nature of these mutated signaling components
have illustrated the capacity of activatingARAF
mutations to drive fibroblast transformation,5

MAP2K1mutations driving constitutive ERK
phosphorylation in melanomas6 and hairy cell
leukemia,8 and MAP kinase activity to drive
transformation of mammalian cells.9

Perhaps the most intriguing implications
reported byBrown et al1 and others3,5 lie within
the potential for pursuing targeted therapeutic
strategies. Current up-front therapeutic
modalities tomanage patients withmultisystem
LCH have traditionally used a risk-stratified
approach (single vs multisystem LCH), often
using intensive cytotoxic chemotherapy.10

Patients with relapsed or refractory disease
have benefitted from single-agent modalities
delivering cytarabine or cladribine. Although
these regimens have generally improved
outcome, toxicity remains a challenge and
patients with high-risk, multisystem disease
still face a high mortality rate. The
identification of activating mutations in
A/BRAF and MAP2K1, genes encoding 2
critical signaling enzymes in the ERK pathway,
allows for strategic approaches using novel
targeted agents. Promising Food and Drug
Administration–approved, selective agents like
vemurafenib and trametinib to target mutant
A/BRAF and MAP2K1/2, respectively,
provide an ideal opportunity to develop
well-designed, multicenter, genetically
stratified (using targeted sequencing
approaches) clinical trials. The collective
findings reported by Brown et al1 and others3,5

identifying activating somatic mutations in
the majority of LCH patients have shed light
on the complex pathogenesis of LCH while
offering patients with LCH hope for improved
treatment strategies in the near future.
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Comment on Sherman et al, page 1659

Taking a leaf from the
book of oral tolerance
-----------------------------------------------------------------------------------------------------

David W. Scott UNIFORMED SERVICES UNIVERSITY OF THE HEALTH SCIENCES

In this issue of Blood, Sherman et al demonstrate that mucosal delivery of
engineered tobacco leaves can lead to tolerance to factor VIII (FVIII) inhibitor
production. Eat your veggies for tolerance!1

Proposed clinical application: FVIII domains expressed in transgenic plants can be ingested and processed by the

mucosal immune system to induce tolerance to FVIII.
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The notion that mucosal delivery of antigen
can lead to unresponsiveness came from

seminal experiments a century ago by Wells
and Osborne.2 These workers demonstrated
that prior oral feeding of antigens could prevent
the immune response to a number of proteins
in guinea pigs. This was followed up by
Sulzberger3 and Chase,4 who pointed out its
immunologic specificity, and was pioneered
later by Weiner’s group in applying oral
tolerance to treat autoimmune diseases.5

Indeed, there is evidence for oral tolerance
in humans based on anecdotal epidemiologic
data in that the incidence of peanut allergy
is 10-fold lower in Israel, where peanut
snacks are widely given to infants, than in
the United Kingdom.6 A formal clinical study
is now being done in the United Kingdom
(http://www.leapstudy.co.uk/).

This use of mucosal administration of
antigen to induce tolerance for inhibitor
formation to clotting factors was first described
by Alpan et al at the American Society of
Hematology (ASH),7 who persuaded mice to
drink milk loaded with factor IX (FIX). Rawle
et al in Lillicrap’s group tested the effect of oral
and nasal delivery of the FVIII C2 domain in
FVIII2/2 mice with hemophilia A.8 They
found that such mucosal administration of the
FVIII C2 domain, a major target of inhibitors,
not only blocked the response to C2 but also
led to partial reduction of total anti-FVIII
antibodies. However, relatively large amounts
of protein were necessary for efficacy so that
this approach would not seem to be feasible
due to the high cost of therapeutic FVIII.

In this issue, Sherman et al, in a
collaboration between the Herzog and Daniell
groups,1 report that oral gavage of plant cell
extracts expressing FVIII antigens (heavy
chain 5 A1, A2, and B domains; C2 domain)
led to significant unresponsiveness to FVIII
challenge in terms of both total antibody and
inhibitor titers in 2 different hemophilia mouse
strains. In this study, transplastomic (using
chloroplasts)9 lines were created in tobacco
to express these FVIII domains fused to the
cholera toxin B subunit in order to promote
transmucosal delivery. The expressed proteins
assembled into pentameric forms, to facilitate
binding to GM1 ganglioside receptors, and
were shown to be protected and delivered
intact to the mucosal immune system.1 This
extends the results of these collaborators who
used oral delivery of transgenic plant extracts
for tolerance to FIX (presented at the 2012

ASH annual meeting, Atlanta, GA, December
8-11, 2012). Oral tolerance to plant-expressed
FVIII led to an increase in immunomodulatory
cytokines, transforming growth factor-
b/latency associate protein, and interleukin-
10; in addition, regulatory T cells were induced
that could transfer tolerance to naı̈ve murine
recipients. Tolerance did require multiple
injections over an 8-week period, with FVIII
challenge commencing after 4 weeks.
Importantly, oral delivery into previously
immunized recipients, as a model for subjects
withpreexisting inhibitors, also led to a reduction
in antibody and inhibitor titers (see figure).

This approach is an important advance
because it does not require large amounts
of FVIII. It is not known, however, how long
the tolerogenic effect will last. Additional
administration may just be necessary to maintain
tolerance. Thus, transgenic plants may offer less
costly alternative therapies for tolerance, not only
for hemophilia inhibitor formation, but also for
autoimmune diseases. Indeed, there is precedent
for the latter in a diabetes model.10

Further development of edible plants, such
as lettuce, and efforts for scaled-up low-cost
production will clearly be needed to move this
therapy into the clinic. Then, there will be good
reason to say, “Eat your veggies and become
tolerant!”
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Comment on Claes et al, page 1669

Go with the flow: S aureus
and vascular infection
-----------------------------------------------------------------------------------------------------

Jennifer Mitchell UNIVERSITY COLLEGE DUBLIN

In this issue of Blood, Claes et al elegantly illustrate the importance of the
Staphylococcus aureus von Willebrand factor binding protein (vWbp) in the
initiation of vascular lesions under flow.1

There has been considerable discussion
in the field with respect to the hierarchy

of importance of different virulence
factors of S aureus that contribute to the
pathogenesis of endovascular infections such
as infective endocarditis, an infection of the
heart valve. Do the interactions of S aureus
with serum proteins, platelets, or endothelial

cells and exposed extracellular matrix
proteins make the most significant
contribution? This paper shows for the
first time that vWbp is critical in
establishing lesions on the surface of the
in vivo vasculature under physiological
flow via its von Willebrand factor (VWF)
binding and procoagulant activity.
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