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Eosinophil homing
to the bone marrow
David Voehringer | University Hospital Erlangen

Themechanisms bywhich glucocorticoid treatment leads to rapid reduction of
circulating eosinophils is poorly understood. In this issue of Blood, Hong et al
provide new experimental evidence that CXCR4-mediated eosinophil homing
to the bone marrow is a relevant pathway for this process.1

Eosinophils are potent effector cells of
the innate immune system and contrib-
ute to protection against helminth in-
fections. However, they can also cause
severe damage during allergic responses,
eosinophil-associated chronic inflamma-
tion, and hypereosinophilic syndromes.2

The development of eosinophils occurs
in the bone marrow from granulocyte-
macrophage (GM) progenitors, which
first differentiate to eosinophil progenitors
and then to mature eosinophils under
control of various transcription factors,
including GATA-1, Helios, and Aiolos.3,4

Mature eosinophils rapidly leave the
bone marrow and reach sites of in-
flammation via blood circulation and

extravasation into tissues. Their survival is
mainly promoted by interleukin-5 (IL-5)
and GM colony stimulating factor, which
can be produced in large amounts in
inflamed tissues and lead to upregulation
of the antiapoptotic molecule Bcl-xL.5

Although new therapeutic options for
specific targeting of eosinophils are being
developed, glucocorticoids have been
used for decades for efficient induction of
eosinopenia in humans, despite their sig-
nificant toxicity.6 Eosinopenia occurs within
a few hours, but themolecularmechanisms
behind the disappearance of eosinophils
from blood circulation are poorly defined.
Interestingly, glucocorticoids do not in-
duce eosinopenia in mice, making mouse
models unsuitable. Nagase et al have
shown that dexamethasone induces up-
regulation of the chemokine receptor
CXCR4 on eosinophils, but not on neu-
trophils.7 This suggested that glucocorti-
coids might induce sequestration of
eosinophils from the blood circulation by
attracting them to extravascular sites.
However, it was unclear where eosinophils
actually go after glucocorticoid treatment.
Hong et al used whole-body in vivo im-
aging of radioactivity-labeled and trans-
ferred eosinophils in rhesus macaques.
They followed the distribution of trans-
ferred eosinophils for #4 hours after
transfer by positron emission tomography/
computed tomography scanning. Within
the first 10 minutes after transfer, eosino-
phils were mainly found in the lung. This

picture changed after 1 hour, when
transferred eosinophils were dominantly
present in the bone marrow, and further
increased for #4 hours in this compart-
ment. Eosinophil accumulation was not
observed in other organs like liver, lung,
and spleen. The kinetics of eosinophil
homing to the bone marrow correlated
with increasing expression levels of CXCR4
and blocking this receptor prevented the
disappearance of eosinophils from the
blood circulation. These findings indicate
that glucocorticoid-induced eosinopenia
results from CXCR4-regulated homing of
peripheral eosinophils back to the bone
marrow within a few hours. Whether these
eosinophils then die in the bonemarrow or
recirculate back to the bloodstream needs
to be determined.

Which other potential mechanisms could
be involved in glucocorticoid-induced
eosinopenia? Glucocorticoids have a
broad spectrum of target cells, including
nonhematopoietic cell types. For exam-
ple, they have been described to induce
expression of adhesion molecules in
endothelial cells, and this effect may to
some extent contribute to the rapid and
efficient reduction in blood eosinophil
counts.8 Furthermore, glucocorticoids pro-
mote expression of several proapoptotic
genes in eosinophils, indicating that in-
duction of cell death could also be involved
as a potential mechanism.9 Further studies
onmechanisms of glucocorticoid-mediated
eosinopenia may help to refine therapeutic
treatments of eosinophil-associated disor-
ders, including combination therapies with
more eosinophil-specific targets, such as
anti-IL-5 or anti-IL-5 receptor blockade.
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Hong et al show that glucocorticoid-induced ex-
pression of CXCR4 in blood eosinophils leads to their
rapid recruitment to the bone marrow.
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Breaking barriers: Quebec
platelet disorder
Mattia Frontini | University of Exeter Medical School

In this issue of Blood, Liang et al illustrate the functional mechanism that
determines a megakaryocyte-specific increase in PLAU expression and con-
sequent platelet-dependent fibrinolysis in Quebec platelet disorder (QPD).1

A decade after the discovery that QPD is
caused by a tandem duplication,2 Liang
et al demonstrate that this causes the
additional copy of PLAU to be on the
opposite side of a CTCF genomic
boundary. As a consequence, the extra
copy is not insulated from the effects of

one of the transcriptional enhancers of
the VCL gene, resulting in a high level of
transcription (see figure). This phenom-
enon is known as “enhancer hijacking”
and was observed in Burkitt lymphoma
almost 40 years ago.3 In the interven-
ing years, other examples have been

discovered, but our ability to diagnose
the consequences of new occurrences
remains limited and time consuming.

The advent of next-generation sequenc-
ing allowed for parallel testing of known
causative variants in protein coding
genes via gene panels or whole-exome
sequencing,3,4 with a diagnostic rate of
;50% in selected cases of platelet and
bleeding disorders. Whole-genome se-
quencing has begun to show the role of
the noncoding portion of the genome in
rare diseases,5 but it has also put our as
yet incomplete understanding of the reg-
ulatory grammar in the human genome
under the spotlight. Moreover, the ex-
ponentially increasing amount of avail-
able whole-genome sequencing has
brought to light a large numbers of rare
variants of unknown significance, including
insertions, deletions, and rearrangements.5

Efforts to catalog the regulatory elements
of blood cells6,7 have been largely suc-
cessful in determining which elements in
the genome are marked as active and in
which cell type. These findings, coupled
with DNA long-range interaction maps,8

have allowed the creation of references
for each gene and its regulatory land-
scape. These have been extremely useful
for pinpointing causal genetic variants,5

but it is still difficult to draw general
conclusions that can be applied each
time a genetic variant is suspected to
be responsible for a disease. Our under-
standing of buffering and compensatory
mechanisms between regulatory sequences
of gene expression thresholds and of ge-
nome compartmentalization is still at a stage
at which multiple lines of evidence are re-
quired to unequivocally assign causality to
noncoding genetic variants and to de-
termine themechanismof action. Liang et al
used a robust study design involving a
combination of recall by genotype, publicly
available data, an animalmodel, and ex vivo
molecular biology experiments. Altogether,
the evidencedemonstrated that the tandem
duplication previously associated with QPD
places the additional copy of PLAU in front
of a strong transcriptional enhancer, which
under normal conditions, drives the ex-
pression of the VCL gene to high levels
but is restricted from accessing PLAU
because of the DNA local 3-dimensional
conformation and the boundary between
the two. The VCL enhancer is also part of
the duplication; therefore, VCL expres-
sion remains unaffected and the addi-
tional CTCF site present does not create
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Schematic representation of the interactions across the PLAU locus in nonaffected individuals (normal, top) and in
individuals affected by Quebec platelet disorder (QPD, bottom). The different genomic compartments are rep-
resented by the pink (sub-TADPLAU) and green box (sub-TADVCL ). The duplicated segments are represented in blue
and orange. TAD, topologically associating domain. See Figure 6 in the article by Liang et al that begins on page
2679.
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