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Basophils take a slice of IRF8 pie
-----------------------------------------------------------------------------------------------------

Deepta Bhattacharya WASHINGTON UNIVERSITY SCHOOL OF MEDICINE

In this issue of Blood, Sasaki and colleagues demonstrate a strict requirement for
the transcription factor interferon regulator factor 8 (IRF8) in the development of
mouse basophils.1

Basophils represent the rarest type of
circulating granulocyte, comprising

approximately 1% of blood leukocytes.
Basophils are present and well conserved
across species, strongly suggesting important
functional roles. As robust markers and
mouse models have become available, it is
now clear that basophils play important roles
in both Th2-mediated immunity to pathogenic
helminths and atopic inflammation,2 yet the

cellular steps and molecular requirements for
the development of basophils are not fully
understood.

Delineating cellular pathways in
hematopoiesis traditionally involves the
prospective isolation of progenitors using
panels of cell-surface markers. These
progenitors can then be assessed functionally
through in vivo transplantation, clonal assays
in vitro, and gene expression analysis. From

a translational perspective, committed
proximal progenitors can give rise to
functional mature cells much more rapidly
than do hematopoietic stem cells after
transplantation. This in turn can provide
rapid immunity to specific types of infections
following immune suppression. Given
evidence that they can readily cross allogeneic
barriers under these conditions, the clinical
potential of using progenitors as off-the-shelf
cellular therapies is tantalizing.3

Basophil progenitors are likely derived from
myeloid precursors with pan-granulocytic and
monocytic developmental potential, yet the
precise subsequent cellular stages that lead
to a fully committed basophil are not fully
resolved. Specifically, it remains unclear
whether a bipotent basophil/mast cell
progenitor exists or whether the mast cell
lineage diverges prior to the restriction of
other granulocytic lineages.4,5 At the heart
of this controversy is the assumption that
commitment to a lineagemust proceed through
a single cellular route and that progenitors
with partially overlapping potentials cannot
coexist. For example, would the existence
of a bipotent basophil/mast cell–committed
progenitor obligatorily preclude the existence
of a bipotent basophil/neutrophil progenitor?
In all likelihood, this cannot be assumed.
Indeed, the transcription factor IRF8 can
generate progenitors with partially overlapping
potentials by enacting developmental programs
autonomously of cellular context.6 Thus,
the application of genetic approaches to
hematopoietic progenitor studies can help
resolve controversies in cellular developmental
models.

Sasaki and colleagues now demonstrate
that IRF8 is essential for the development
of mouse basophils.1 Using a knockin green
fluorescent protein reporter, the authors
observe that IRF8 expression cannot be
detected in mature basophils and is instead
found within granulocyte-macrophage
progenitors (GMPs). The authors find that
Irf82/2 GMPs overproduce neutrophils
but fail to generate basophils. Epistatic
experiments show that IRF8 acts in part
by increasing the expression of another
transcription factor, GATA2. Interestingly,
the authors find that mast cell potential is
also adversely affected by IRF8 deficiency.
These data suggest, but certainly do not prove,
the existence of a common genetic program

IRF8 represses neutrophil potential and promotes basophil and mast cell development. Sasaki and colleagues

demonstrate that the transcription factor IRF8 interacts with transcriptional partners, such as Ets and/or AP-1 family

members, to activate Gata2 expression in granulocytic progenitors, probably through indirect mechanisms. The

expression of Gata2 in turn represses production of neutrophils and promotes basophil and mast cell production.
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and/or progenitor between the basophil and
mast cell lineages.

IRF8 plays important roles in a number
of other fate decisions within the myeloid
compartment, including dendritic cell
commitment, inflammatory monocyte
development, and eosinophil production.
Many of these mouse phenotypes have been
elegantly reproduced through analysis
of human patients with inherited IRF8
mutations.7 One common thread throughout
these pleiotropic effects is that IRF8 suppresses
neutrophil potential,8 yet it is clear that
IRF8 also promotes lineage-specific programs,
such as GATA2, as shown by Sasaki and
colleagues.1 How then does one transcription
factor exert such diverse and cell-type–specific
effects?

IRF8 and its closely related cousin, IRF4,
possess relatively weak binding affinities for
DNA.9Thus, theirmajormodes of action come
from cooperating with other transcription
factors to modify their activities and/or DNA
binding specificities. Two major groups of
partners for IRF4 and IRF8 are the Ets and AP-1
families of transcription factors.10 Using IRF8
point mutants, Sasaki and colleagues show that
interaction with these partners is essential for
promotion of the basophil lineage.1 However,
many members of the Ets and AP-1 families
are expressed during hematopoietic
differentiation. Thus, it remains an open
question which of these factors partners with
IRF8 to drive basophil differentiation, and
whether distinct partners are used for other
lineages. Moreover, it remains unknown how
IRF8 synergizes with other transcription
factors, such as C/EBPa, which are also
important for basophil commitment.4

Although many such questions still
remain, Sasaki and colleagues have made
a major advance by demonstrating the
functional requirement for IRF8 in basophil
development. By marrying modern cellular
and genetic approaches, the authors bring some
clarity to the steps underlying the development
of this intriguing lineage.
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A lymphocyte-mediated
cause of secondary PAP
-----------------------------------------------------------------------------------------------------

Bruce C. Trapnell CINCINNATI CHILDREN’S HOSPITAL; UNIVERSITY OF CINCINNATI

In this issue of Blood, Iriguchi et al report that T-lymphocyte–restricted
overexpression of T-bet causes a maturational arrest in mononuclear phagocyte
lineage cells and severe secondary pulmonary alveolar proteinosis (PAP).1

PAP is a rare syndrome characterized by
pulmonary surfactant accumulation and

hypoxemic respiratory failure for which the
current treatment is whole lung lavage,
an invasive and inefficient procedure to
physically remove the excess pulmonary
surfactant. It occurs in a heterogeneous
group of diseases usefully subdivided into
primary PAP, secondary PAP, and disorders
of surfactant production.2 Surfactant is
normally comprised of a thin phospholipid/
protein layer that stabilizes alveoli by
reducing alveolar wall surface tension and
is maintained by balanced secretion by
alveolar epithelial cells, and clearance by
these cells and alveolar macrophages. In
PAP, however, progressive surfactant
accumulation eventually fills alveoli, thus
displacing inhaled air and compromising
gas exchange.

While significant research advances have
elucidated the pathogenesis of primary
PAP and led to the development of novel
diagnostics and therapeutics,3,4 other than its
association with myelodysplastic syndromes,
the pathogenesis of secondary PAP remains

obscure, its prognosis is poor, and therapeutic
options are limited.5 In primary PAP, the
disruption of granulocyte-macrophage
colony-stimulating factor (GM-CSF)
signaling causes alveolar macrophages to
undergo maturational arrest, which impairs
their ability to clear surfactant. From a
mechanistic perspective, the disruption of
the GM-CSF→PU.1→PPARg signaling
axis reduces the expression of a critical
macrophage lipid exporter, ABCG1, which
results in foamy, lipid-laden alveolar
macrophages with impaired surfactant
clearance capacity, intraalveolar surfactant
accumulation, and PAP.6-9 The loss of
GM-CSF signaling also increases pulmonary
levels of monocyte chemoattractant protein-1
(MCP-1), a biomarker of primary PAP. It is
thought that secondary PAP is caused by
a reduction in either the functional capacity
or absolute numbers of alveolar macrophages,
but data supporting this hypothesis are
limited.2

Although expression of T-bet, a “master”
TH1 transcription factor, is increased in
inflammatory, autoimmune, and hematologic
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