
The investigators also showed that a newly
developed gal1-directed neutralizing mono-
clonal antibody selectively inhibited galectin-
induced apoptosis of EBV-specific CD8
T cells, thereby limiting the development of
an immunosuppressive Th2/Treg-skewed
tumor microenvironment. Further evidence to
support the value of such a neutralizing Gal1
antibody comes from studies in a melanoma
model, in which targeted inhibition of Gal1
expression in tumor cells potentiated anti-
tumor effector T cells.7

An alternative approach to bypassing
Gal1-mediated immunosuppression is sug-
gested by Khanna and colleagues, who
showed that inhibition of LMP-specific
T cells could be overcome by ex vivo stimu-
lation with an effective antigen presenting
cell—in this case mononuclear cells incu-
bated with an adenoviral vector encoding
multiple LMP-derived epitopes.8 Indeed,
LMP2-specific cytotoxic T lymphocytes
(CTLs) made in a similar manner have had
clinical activity against EBV� Hodgkin lym-
phoma,9 although it is unclear whether in-
fused cells retain their activity long term or
if instead they ultimately become suscep-
tible to Gal1 or other inhibitory molecules
such as TGF�.

How clinically valuable will it be to over-
come Gal1-mediated inhibition? In Hodgkin
lymphoma, evidence is strong that the pres-
ence of an immunosuppressive environment
inhibits specific CTL responses. In this dis-
ease, a neutralizing Gal1 monoclonal antibody
either as monotherapy or in combination
with other immunotherapies targeting EBV9

may therefore be of benefit. In PTLD, by
contrast, the issue is less the presence of a
tumor-associated immunosuppressive envi-
ronment and more the deficiency in an EBV-
specific immune response that can be re-
stored by adoptive transfer of EBV-specific
T cells.10 Hence the likely benefits of block-
ing Gal1 expression may be less apparent.
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CXCR2 is the Tpo of the iceberg
----------------------------------------------------------------------------------------------------------------

Adam Greenbaum and Daniel C. Link WASHINGTON UNIVERSITY SCHOOL OF MEDICINE

In this issue of Blood, Köhler and colleagues show that thrombopoietin, a hemato-
poietic cytokine best known for its regulation of platelet production, may also con-
trol neutrophil release from the bone marrow by regulating expression of CXCR2
ligands in endothelial cells and megakaryocytes.1

Neutrophils are an essential component of
the innate immune response and a major

contributor to inflammation. Accordingly, the
number of neutrophils in the blood is tightly
controlled through a balance of neutrophil
production, release from the bone marrow,
and clearance from the circulation. At base-
line, only a small fraction of total body neutro-
phils circulate in the peripheral blood, while

the majority remains in reserve in the bone
marrow. However, in response to certain in-
fections, neutrophils are rapidly mobilized
from the bone marrow to blood.

Granulocyte colony-stimulating factor
(G-CSF) is the principal cytokine regulating
neutrophil homeostasis and is widely used in
the clinical setting to treat neutropenia. The
primary mechanism by which G-CSF increases

G-CSF acts on an unknown cell population to produce thrombopoietin, which in turn induces megakaryocytes
and endothelial cells to secrete the CXCR2 ligands KC and MIP-2. These CXCR2 ligands stimulate neutrophil
migration in the bone marrow, ultimately leading to their release into the blood. Professional illustration by
Marie Dauenheimer.
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the number of circulating neutrophils is
through enhanced release from the bone mar-
row, rather than increased neutrophil produc-
tion. Previous studies have established that
G-CSF treatment works, in part, by disrupt-
ing an important neutrophil retention signal,
the CXCL12-CXCR4 axis2,3 by both decreas-
ing expression of CXCL12 by stromal cells in
the bone marrow4-6 and by decreasing expres-
sion of its receptor, CXCR4, on neutrophils
themselves.3 It is currently unclear how loss of
CXCR4 signaling results in the directed
movement of neutrophils from the bone mar-
row into the peripheral blood.

Here, Köhler et al show, using intravital
2-photon microscopy, that within hours of
treating mice with G-CSF, neutrophils greatly
increase their motility in the bone marrow and
subsequent egress into the circulation. Con-
current with neutrophil mobilization, they note
increased expression of 2 chemokines, KC
(CXCL1, Gro�) and MIP-2 (CXCL2, Gro�),
both of which bind to the chemokine receptor
CXCR2. CXCR2 ligands are potent chemoat-
tractants for neutrophils and play a key role in
the emigration of neutrophils from the blood to
sites of tissue inflammation. Moreover, a recent
study suggested that CXCR2 signaling may also
regulate neutrophil mobilization from the bone
marrow.2 Consistent with this observation,
Köhler and colleagues show that G-CSF in-
duced neutrophil mobilization is blunted in
CXCR2 deficient mice or by treatment of mice
with blocking antibodies to CXCR2.

The authors’ investigation into the cellular
source of CXCR2 ligands in the bone marrow
led to a surprising cell type, megakaryocytes.
They show by immunostaining of bone mar-
row sections that KC and MIP-2 are constitu-
tively expressed in megakaryocytes and endo-
thelial cells. Interestingly, KC and MIP-2
staining in these cell populations was reduced
after G-CSF, while KC and MIP-2 mRNA
expression in the bone marrow increased. The
authors interpret these data to suggest that
G-CSF is inducing secretion of KC and
MIP-2 protein from megakaryocytes and en-
dothelial cells in the bone marrow. Interest-
ingly, G-CSF does not appear to directly
stimulate megakaryocytes to release CXCR2
ligands. Rather the authors provide evidence
that G-CSF works through thrombopoietin
(Tpo). They show that G-CSF induces Tpo
expression in the bone marrow, which in turn
results in the secretion of CXCR2 ligands
from megakaryocytes and possibly endothelial
cells (see figure). In support of this model,
injection of Tpo into mice results in rapid neu-
trophil mobilization. Conversely, G-CSF in-
duced neutrophil mobilization is attenuated in
mice lacking the Tpo receptor (c-Mpl).

This study suggests a novel signaling cas-
cade connecting megakaryocyte signaling with
neutrophil release from the bone marrow, and
it raises several important questions. What are
the cell population(s) in the bone marrow that
secrete Tpo in response to G-CSF? How does
increased CXCR2 ligand expression lead to

neutrophil mobilization? Given that endothe-
lial cells and perivascular megakaryocytes are
major sources of CXCR2 ligands, perhaps a
gradient exists between the central marrow
and the vasculature. Finally, what is the clini-
cal relevance of this pathway in syndromes
with altered megakaryocytes or Tpo signaling?
For example, in essential thrombocytosis, does
the marked increase in megakaryocyte number
(or more rarely activating mutations of MPL)
contribute to the leukocytosis often present in
these patients?
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