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Cellular thrust and parry
in the leukemic niche
-----------------------------------------------------------------------------------------------------
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In this issue of Blood, Krevvata et al show that osteoblasts duel with acute
leukemia cells, each having adverse effects on the other.1

The notion that cancer is a disease of tissues
rather than that of a single rogue cell type

has increasingly gained ground, particularly
in the setting of hematologic malignancies.

Although a single cell type generally exerts the
pathologic consequences of malignancy, there
is accumulating evidence that other cell types
can contribute to the initiation, maintenance,

and progression of the neoplasia. The report by
Krevvata et al adds evidence that osteoblast loss
is a necessary component of acute leukemic
progression.1 Reducing that loss mitigated the
leukemia.

Tumor stroma has long been regarded as
a coconspirator in the malignant process.
Cancer-associated fibroblasts (CAFs) are not
the same as fibroblasts from surrounding
normal tissue in solid tumors like those of the
breast, colon, or lung. The CAFs have been
implicated in inducing neoangiogenesis,
extracellular matrix reorganization, metabolic
context, and growth factor milieu to enhance
cancer progression.2 These mesenchymal cells
are not alone in the tumor-supporting cast
because hematopoietic populations resident
in tumorshavebecomeof central interest in tumor
progression. Among these, macrophages are the
most abundant and provide cytokines such as
epidermal growth factor to enhancemalignant cell
growth andvascular endothelial growth factor and
Tie2 to promote neoangiogenesis.3 They both
respond to the presence of cancer cells and
feedback to the cancer cells. This includes
metabolites because cancer-cell lactate production
induces M2 polarization of macrophages. These
M2 cells have high levels of arginase-1 known to
dampen lymphocyte activity, and perhaps also
enhance polyamine synthesis needed by tumor
cells for their propagation.4 Thus solid tumors
have co-opted cells in their environment such that
these stromal components enable cancer cell
growth.

A similar paradigm has been shown in
hematopoietic neoplasms where, for
example, myeloproliferative neoplasm (MPN)
cells induced increased osteoblastic cells
and marked gene expression changes
in mesenchymal stromal cells. Increased
transforming growth factor-b and decreased
CXCL12 and kit ligand (among other changes)
compromised stromal cell support of normal
hematopoietic cells in vitro, but not malignant
ones.5 Tumor cells were preferentially
supported over their normal counterparts
in the coculture system.

However, the co-evolution of neoplastic
cells and their stromal components also
has a more hostile face in hematologic
malignancies. Some cells of the bone marrow
microenvironment appear to drop out in the
presence of malignancy. Krevvata et al showed
that this is true of osteoblastic cells in the
setting of acute myeloid leukemia (AML) or
myelodysplasia (MDS) among patients, and in

(A) A decrease in osteoblast numbers in mostly untreated AML/MDS patients is shown. In a DTAosb animal model

where osteoblasts were deleted, there was a threefold increase in disease burden in addition to an alteration of lineage

determination. (B) Conversely, increasing osteoblast numbers through the use of a Tph-1 inhibitor, LP533401, resumed

normal hematopoiesis and resulted in a decrease of disease burden translated by a prolonged survival of leukemic mice.
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mice models of acute lymphoblastic or myeloid
leukemia (see figure). Patients had lost almost
half of their osteoblasts even before therapy.
This is in agreement with a previous report
demonstrating functional inhibition of
osteoblasts in a murine AML model.6 In
addition, 2 laboratories recently showed that
sympathetic neurons are adversely affected
by the presence of JAK2-induced MPN or
MLL-AF9–inducedAMLcells, respectively.7,8

In each case, modifying the number of these
microenvironmental cells affected the growth
kinetics of the neoplasm. Reducing nestin1

mesenchymal stem cells (MSCs)7 or inhibiting
adrenergic receptors in sympathetic neurons8

(b3 for MPN, b2 for AML) increased the
aggressiveness of the neoplastic disease in vivo.
The converse was seen when nestin1 MSCs
were protected through the use of adrenergic
agonists, which restored the sympathetic
control of these cells. Therefore, it seems that
some myeloid neoplasms (and perhaps acute
lymphoblastic leukemic cells as well) reduce
niche elements that do not support them.
The reduction in those niche components
appears to be a key contributor to in vivo
disease kinetics and a possible cause for
the suppression of normal hematopoeisis.1

Parathyroid hormone injections to mitigate
the loss of niche osteolineage cells in studies
of BCR/ABL disease9 or adrenergic agonists
in MPN7 delayed disease progression,
respectively. The potency of any of these
interventions is unlikely to be sufficient to
control disease, but these early studies indicate
that a focused effort on niche-targeted
therapeutics may be justified. Combining
niche support with conventional therapies
targeting the neoplastic cell may serve to
suppress the malignancy while restoring
normal hematopoeisis, thus improving
a patient’s chances in this duel with disease.
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Resolvin(g) innate immunodeficiencies?
-----------------------------------------------------------------------------------------------------
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In this issue of Blood, Hsieh et al provided the molecular mechanism showing how
X-linked inhibitor of apoptosis protein (XIAP) deficiency may lead to selective
innate immunodeficiency recalling X-linked lymphoproliferative syndrome type 2
(XLP-2).1

XLP-2 is a lymphoproliferative disease
associated with XIAP deficiency.2

Clinical symptoms are mostly attributed to
the aberrant activation of macrophages and
dendritic cells and the accumulation of
activated T lymphocytes, often in response
to Epstein-Barr virus infection.3 This
hyperactivation of immune cells leads to
hemophagocytic lymphohistiocytosis (HLH),
an inflammatory disorder caused by the excess
of cytokine production from hyperactivated
lymphocytes and macrophages. XLP-2 is also
associated with recurrent splenomegaly and
fever, but mechanisms underlying the disease
are largely misunderstood. Intriguingly, XIAP
deficiency may cooperate with other genetic
defects of innate immunity to induce the HLH
picture.4

In this study, the authors show that XIAP-
deficient mice are unable to resolve Candida
albicans infections and confirm this defect
in XIAP-deficient human macrophages.

Moreover, they show that XIAP is required for

the innate responses induced by dectin-1,

a receptor belonging to the C-type lectin family

and mainly expressed in dendritic cells and

macrophages. Dectin-1 recognizes b-glucans

that are key cell wall components of several

fungi including C albicans. On ligand binding,

dectin-1 transduces signals through its

immunoreceptor tyrosine-based activation

motif in the cytoplasmic domain and activates
the caspase recruitment domain family
member 9 (CARD9)–BCL10–nuclear factor
(NF-kB) axis, resulting in the activation of
several genes including those encoding
proinflammatory cytokines (see figure).
Because of the defective activation of this
pathway, XIAP2/2 mice are unable to clear
the infection by C albicans, whose persistence
results in overactivation of macrophages,
excessive production of inflammatory
cytokines, and splenomegaly. Mice die after
15 days from candida administration. A similar
picture is displayed by mice deficient of
dectin-1 or CARD-9.

Beside this, Hsieh et al describe a number
of important novel observations. They show
thatXIAPbinds and polyubiquitinates BCL10,
which is required for the dectin-1–induced
innate response and activation of NF-kB.
BCL10 contributes to adaptive and innate
immunity through the assembly of a signaling
complex that plays a key role in the activation of
NF-kB triggered through the antigen receptor
or FcRs. In XIAP-deficient mice, BCL10
polyubiquitination is missing, and this in turn
impaired dectin-1–induced BCL10-mediated
activation signals. Interestingly, treatment of
XIAP mice with curdlan, a dectin-1 ligand,
induced an XLP-2 like syndrome, recalling the
effects of C albicans infection.
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