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Agrin complicates the niche
----------------------------------------------------------------------------------------------------------------
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Abundant data in the past decade have convincingly demonstrated that microenvi-
ronmental clues are crucial determinants of the fate of hematopoietic stem cells
(HSCs). However, as we have learned more about the HSC niche, its extraordinary
intricacy has begun to emerge. In the current issue of Blood, Mazzon et al add to
this complexity by identifying agrin as a novel noncellular element of the HSC
niche.1

Agrin is an extracellular matrix component
that belongs to the heterogeneous family

of heparan sulfate proteoglycans. Heparan
sulfate proteoglycans as a class were initially
discovered to regulate stromal-hematopoietic
interactions by seminal ex vivo experiments
demonstrating their ability to adsorb growth
factors and present them in their biologically
active form to immature hematopoietic cells.2

Later studies used in vitro functional human
HSC assays (the long-term culture-initiating
cell assay) to demonstrate that heparan sulfate
proteoglycans are an essential factor in stro-

mal-HSC interactions,3 by binding matrix
component and cytokines and colocalizing
them with immature hematopoietic cells in
supportive niches.4 Heparan sulfate pro-
teoglycans also participate in adhesion of
HSCs with niche cells.5

Agrin is an essential regulator of neuro-
muscular synapses.6 Its nonneuronal isoforms
have been shown to contribute importantly to
T-cell interaction with antigen-presenting
cells,7 but had not been previously implicated
in the regulation of immature hematopoietic
cells. In the current article, Mazzon et al con-

vincingly demonstrate that within the marrow
microenvironment, agrin is selectively ex-
pressed in cells of mesenchymal stem cells
(MSCs; top panels of figure) and the osteo-
blastic lineage (bottom panels of figure), but
not endothelial, osteoclastic, and reticular cells
(see supplemental Figure 1 to Mazzon et al1).
The authors then evaluate hematopoiesis in
mice lacking agrin where the lethal neuromus-
cular defects are rescued by skeletal muscle
over expression of one of the agrin receptors.8

Interestingly, no abnormalities in osteoblastic
cells or MSCs were detected in these geneti-
cally altered mice, in spite of confirmation of
agrin deletion in MSCs; therefore, agrin is not
required for cell-autonomous MSC functions.
In contrast, postnatal lack of agrin resulted in
severe global hematopoietic defects.

When the phenotypic HSC population was
quantified, phenotypic HSCs with limited
self-renewal (or short-term HSCs, ST-HSCs)
were decreased, without changes in the more
quiescent long-term HSCs. Notably, there
was no cell-autonomous HSC defect in the
mice lacking agrin. In these agrin-deficient
mice, no HSC abnormalities were noted until
the postnatal period, and transplantation as-
says using HSCs lacking agrin demonstrated
normal engraftment. In contrast, agrin-
mediated cell-cell contact between HSCs and
endosteal osteoblastic/MSCs was crucial for
ST-HSC survival and expansion. Interest-
ingly, lack of agrin did not change local expres-
sion of HSC-supportive cytokines, again ex-
cluding an indirect mode of disruption of
HSC-stromal interactions. Indeed, use of a
blocking antibody to the agrin receptor that is
expressed on HSCs decreased the ability of
normal ST-HSCs to engraft, suggesting that
interactions of stromal/osteoblastic agrin with
its receptor on HSCs are crucial for normal
ST-HSC function.

Thus, this report by Mazzon et al contrib-
utes a new molecular target to the osteoblastic
HSC niche, and is one of very few reports
highlighting differential microenvironmental
regulation of individual HSC subsets. The

Top panels: Primary endosteal MSCs express agrin (from Figure 2A, Mazzon et al1). Bottom panels: In vivo
endosteal ostepontin-expressing cells of the osteoblastic lineage express agrin (from Figure 1A, Mazzon et al1).
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compartmentalized expression of agrin in
MSCs and osteoblastic but not endothelial and
osteoclastic cells furthers our understanding of
differential effects of individual niche compo-
nents on specific HSC behaviors. Because the
agrin receptor is present on human CD34�

cells,9 this novel therapeutic target may be of
use in clinical scenarios where specific expan-
sion of ST-HSCs may reduce morbidity, such
as in recovery from iatrogenic or toxic myelo-
ablative injury.
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Zoledronate activates NK cells
----------------------------------------------------------------------------------------------------------------
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In this issue of Blood, Nussbaumer et al demonstrate that the bisphosphonate
zoledronic acid (zoledronate), a US FDA-approved drug for the prevention of
osteoporosis and treatment of bone metastases in multiple myeloma and other
cancers,1 can enhance IFN-� production by IL-2–primed human natural killer
(NK) cells. This process depends on a CD14�CD56� dendritic cell (DC)–like
population, but occurs in a manner that may be either dependent or independent of
�� T cells (see figure).2

Natural killer cells are a critical component
of the innate immune system, and are the

first line of defense against both viral infection
and tumor cells.3 Consequently, one area of
NK-cell research is focused on enhancing
NK-cell effector functions, such as IFN-�
production and cytotoxicity. The current
study by Nussbaumer and colleagues shows
that treatment of CD56� peripheral blood
mononuclear cells (PBMCs) with zoledronate
induces IFN-� production in not only ��

T cells, but also in NK cells (see figure).
Depletion of CD14�CD56� DC-like cells
abolishes this induction of IFN-� in �� T cells
and NK cells, suggesting that stimulation of
IFN-� production by zoledronate depends on
a population of DC-like cells. With regard to
NK cells, after being primed by IL-2, IFN-�
stimulation by zoledronate can be regulated

positively by �� T cells at the beginning of the
treatment, and negatively by these cells at a
later time. This is supported by an in vitro
culture study showing that NK-cell IFN-�
production was enhanced by zoledronate in
the presence of �� T cells on day 1, suggesting
that enhancement of IFN-� production by
NK cells may be attributed to stimulation of
NK cells by �� T cells. On day 2 of culture,
DC-like cells were repeatedly eliminated,
likely via cytotoxic activity of either �� T cells
or NK cells, resulting in termination of IFN-�
production of NK cells. Furthermore, induc-
tion of NK-cell IFN-� production by zoledro-
nate also occurs in a �� T cell–independent
manner, in which zoledronate may activate
caspase-1 through downstream inhibition of
isoprenoid formation in the mevalonate path-
way. Subsequently, activated caspase-1

cleaves inactive precursors of IL-18 and
IL-1� to provide bioactive forms of these cy-
tokines, which activate IL-2–primed NK cells
(see figure).

A previous study by the same group also
showed that statins, another class of inhibitors
of the mevalonate pathway, act cooperatively
with IL-2 to induce IFN-� production in
CD56dim NK cells.4 The authors of the current
study also demonstrate that natural cytotoxic-
ity of NK cells was moderately increased by
the zoledronate treatment. Consistent with
this, a recent study by Maniar et al demon-
strates that zoledronate augments both direct
(natural) cytotoxicity and antibody-dependent
cellular cytotoxicity (ADCC) of NK cells (see
red arrows in figure) in a separate experimental
system.5 It will be interesting to determine
whether the increase in cytotoxicity induced
by zoledronate can also be positively regulated
by CD14�CD56� DC-like cells, and whether
IFN-� production is also induced in the sys-
tem used by Maniar et al.

Because the enhancement of NK-cell acti-
vation by zoledronate is complicated and can
involve the interaction of several cell types, it
is unclear whether this enhancement will oc-
cur in vivo, which should be determined in
future studies. It also remains unclear whether
zoledronate preferentially stimulates IFN-�
production in CD56dim NK cells rather than
CD56bright NK cells, reflecting patterns previ-
ously shown for statins.4 This study by Nuss-
baumer et al reports an interesting observa-
tion, in which DC-like cells were eliminated
by zoledronate stimulation during culture of
CD56� PBMCs. However, it is unclear whether
these cells were eliminated by zoledronate-
activated NK cells, by zoledronate-activated
�� T cells, or simply by zoledronate-induced
apoptosis of DC-like cells. Although activated
NK cells have the capacity to kill immature
DCs,6 the evidence in the current study seems
to not necessarily support the possibility that
DC-like cells were killed by NK cells, because
DC-like cells remain present when �� T cells,
but not NK cells, were depleted. In addition,
in their study of zoledronate-mediated activa-
tion of NK cells, Nussbaumer and colleagues
used CD56� PBMCs and focused on accessory
cells, CD14�CD56� DC-like cells, and ��

T cells. Because their current study is limited
to analysis of CD56� PBMCs rather than total
PBMCs, the role of other cell types, such as
CD14�CD56� cells, in zoledronate-mediated
activation of NK cells has not been determined.
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