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Smart niche usage:
release its fat and burn it!
-----------------------------------------------------------------------------------------------------

Jan Jacob Schuringa UNIVERSITY MEDICAL CENTER GRONINGEN

In this issue of Blood, Shafat et al describe an intriguing interplay between
leukemic cells and adipocytes. Leukemic cells alter the metabolic state of
adipocytes by increasing the levels of fatty acid binding protein-4 (FABP4) and
enhancing lipolysis, which in turn fuels b-oxidation of fatty acids in leukemic cells
thereby enhancing their survival and transformation potential.1

Hematopoietic stem cells (HSCs) reside
within specialized niches in the bone

marrow that can be composed of a large variety
of different cell types.2 These include
mesenchymal stromal cells and descendants
thereof such as osteoblasts, chondrocytes,
and adipocytes. HSC-derived cells such as
macrophages,megakaryocytes, regulatoryTcells,
and even neural cells can reconstitute important
components of the hematopoietic stem cell niche
as well. The exact molecular mechanisms by
which the nichehas an impact on stemcell fate are
far from resolved, but data so far have shown that
quiescence, survival, and differentiation decisions
of stem cells heavily depend on cues they receive
from the bone marrow microenvironment.

Conversely, the niche can be remodeled
by HSCs themselves, and in particular by
leukemic cells. Typical consequences such as

bone loss and altered angiogenesis have been
reported in acute myeloid leukemia (AML)
and myelodysplastic syndromes. By secreting
proinflammatory cytokines, malignant cells
can create a milieu in which survival and
transformation of (pre)leukemic cells are
facilitated at the expense of normal
hematopoiesis.3,4

The current work by Rushworth and
colleagues1 adds another twist to the story.
They convincingly show that AMLblasts store
more lipids than normal CD341 cells, that
these lipids can actively be transferred from
adipocytes to AML cells, and that survival is
better maintained when AML cells are grown
on adipocytes. In fact, coculture of AML
blasts with adipocytes, or simply by treating
adipocytes with AML-conditioned medium,
increases their fatty acid release, coinciding

with an activation of hormone-sensitive lipase,
which activates lipolysis (see figure). This fatty
acid release then drives b-oxidation in AML
cells involving CPT1A. Oxygen consumption
rates (OCRs) and survival of AML blasts
increase when grown on adipocytes in
a CPT1A-dependent manner. In addition,
knockdown of CPT1A reduces the engraftment
kinetics of primary AML samples in xenograft
mice. Normal CD341 cells are also able to
induce lipolysis in adipocytes, but to a lesser
extent when compared with AML blasts, and
knockdown of CPT1A does not have an impact
on the OCR of normal CD341 cells.

To better understand the underlying
mechanisms, Shafat et al show that upon
coculturing AML blasts with adipocytes,
FABP4 is upregulated in adipocytes at the
messenger RNA (mRNA) level, coinciding
with increased FABP4 protein secretion,
presumably because FABP4 is exported out
of the adipocyte when bound to lipids. This is
functionally relevant because inhibition of
FABP4 in adipocytes by a short hairpin RNA
approach or by the small molecule inhibitor
BMS309403 prevents AML proliferation on
adipocytes but has no effect on normal CD341

proliferation. Although the FABP4 secreted
by adipocytes is not taken up by AML
blasts directly, FABP4 mRNA levels are
also upregulated in AML blasts themselves,
in particular when cocultured on adipocytes.
Although molecular mechanisms underlying
this FABP4upregulation remain to be clarified,
knockdown of FABP4 in a Hoxa9/Meis1-
driven murine leukemia model significantly
prolongs survival.

The study by Shafat et al puts forth
2 important insights. First, AML blasts can
have a direct impact on the niche by inducing
lipolysis in adipocytes, and second, this release
of free fatty acids then drives b-oxidation in
AML cells, resulting in enhanced survival,
proliferation, and transformation potential.
These observations are in line with what has
been observed in other solid tumors in which
adipocytes have been shown to influence
metastasis and survival and might also underlie
in part the observation that obese leukemia
patients have a poorer prognosis.5

Yet some questions remain. For instance,
what are the critical components of the AML
secretome that drive lipolysis of adipocytes?
Recently, Ye et al6 showed by using a murine
blast crisis chronic myeloid leukemia model
that a subset of leukemia stem cells (LSCs) can
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AML blasts enhance lipolysis of adipocytes in an FABP4-dependent manner, resulting in an enhanced secretion of

free fatty acids that drive b-oxidation in AML cells and facilitate enhanced survival, proliferation, and transformation
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reside in gonad adipose tissue where they are
located adjacent to adipocytes. These LSCs are
positive for the fatty acid transporter CD36 and
express high levels of inflammatory cytokines,
which in turn induce lipolysis in adipose
tissue, and these LSCs are more resistant
to chemotherapy. The induction of a local
pro-inflammatory milieu might facilitate
lipolysis in AML as well.

Why are normal CD341 cells less efficient
in inducing lipolysis? It is quite possible that
this relates to the increased secretion of
inflammatory cytokines and/or other factors
specific to AML cells. But maybe even more
intriguing, why would normal cells not make
use of the release of free fatty acids to fuel
b-oxidation as AML blasts do? In this context,
it is also remarkable that ablation of marrow
adipose tissue actually promotes hematopoietic
recovery after irradiation, suggesting that
adipocytes act as negative regulators for normal
hematopoiesis.7 Future studies aimed at
unraveling themetabolic hardwiring of leukemic
versus normal hematopoietic cells will need
to provide further insight into these issues.

Finally, although the work of Shafat et al
provides a convincing case for the leukemic
blast population, one wonders what happens
at the more immature leukemic stem cell level.
In a series of recent articles, it was shown that
HSCs keep their mitochondrial activity at low
rates to ensure quiescence, a glycolytic state,
and self-renewal properties,8,9 and similar
phenotypes have been described for LSCs.10

It is not clear how to reconcile fatty acid
oxidation (FAO)–driven oxygen consumption
resulting in enhanced adenosine triphosphate
production and cell cycle progression with
maintenance of stem cell fate. Potentially, FAO
drives mitochondrial clearance instead of
increasing OCR in the most primitive stem
cell populations, as was recently shown for
a population of Tie1 murine HSCs in which
the FAO pathway promotes self-renewing
expansion,8 and future studies will no doubt be
aimed at further clarifying these phenomena.

Conflict-of-interest disclosure: The author de-
clares no competing financial interests. n

REFERENCES
1. Shafat MS, Oellerich T, Mohr S, et al. Leukemic blasts
program bone marrow adipocytes to generate a protumoral
microenvironment. Blood. 2017;129(10):1320-1332.

2. Scadden DT. Nice neighborhood: emerging concepts
of the stem cell niche. Cell. 2014;157(1):41-50.

3. Medyouf H, Mossner M, Jann JC, et al.
Myelodysplastic cells in patients reprogram mesenchymal

stromal cells to establish a transplantable stem cell niche
disease unit. Cell Stem Cell. 2014;14(6):824-837.

4. Schepers K, Pietras EM, Reynaud D, et al.
Myeloproliferative neoplasia remodels the endosteal bone
marrow niche into a self-reinforcing leukemic niche. Cell
Stem Cell. 2013;13(3):285-299.

5. Khandekar MJ, Cohen P, Spiegelman BM. Molecular
mechanisms of cancer development in obesity. Nat Rev
Cancer. 2011;11(12):886-895.

6. Ye H, Adane B, Khan N, et al. Leukemic stem cells
evade chemotherapy by metabolic adaptation to an adipose
tissue niche. Cell Stem Cell. 2016;19(1):23-37.

7. Naveiras O, Nardi V, Wenzel PL, Hauschka PV, Fahey
F, Daley GQ. Bone-marrow adipocytes as negative
regulators of the haematopoietic microenvironment.
Nature. 2009;460(7252):259-263.

8. Vannini N, Girotra M, Naveiras O, et al. Specification
of haematopoietic stem cell fate via modulation of
mitochondrial activity. Nat Commun. 2016;7:13125.

9. Ito K, Turcotte R, Cui J, et al. Self-renewal of a purified
Tie21 hematopoietic stem cell population relies on
mitochondrial clearance. Science. 2016;354(6316):1156-1160.

10. Lagadinou ED, Sach A, Callahan K, et al. BCL-2
inhibition targets oxidative phosphorylation and selectively
eradicates quiescent human leukemia stem cells. Cell Stem
Cell. 2013;12(3):329-341.

DOI 10.1182/blood-2017-01-761551

© 2017 by The American Society of Hematology

l l l PHAGOCYTES, GRANULOCYTES, AND MYELOPOIESIS

Comment on Marini et al, page 1343

Lost in neutrophil heterogeneity? CD10!
-----------------------------------------------------------------------------------------------------

Sven Brandau1 and Dominik Hartl2 1UNIVERSITY HOSPITAL ESSEN; 2UNIVERSITY OF TÜBINGEN

In this issue of Blood, Marini and coworkers identified CD10 as a cell surface
marker that distinguishes T-cell suppressive from T-cell stimulatory neutrophils
in the peripheral blood,1 a finding that has major implications for our
understanding of how neutrophils modulate the adaptive immune system in
cancer, autoimmune diseases, and chronic inflammation in general.

A lthough traditionally regarded as
a short-lived, uniform, and functionally-

restricted immune cell population, emerging
evidence indicates that neutrophils feature
a plasticity and heterogeneity that enables them
to adapt and respond to disease situations
in a flexible and differential manner.2,3

Neutrophils isolated from the peripheral blood
can be classified based on their density after
density-gradient centrifugations into high-
density neutrophils (HDN) and low-density
neutrophils (LDN), with HDN corresponding
to conventional and LDN to a distinct less
defined phenotype. LDN express CD66b
and CD15 at their cell surface and accumulate
in the peripheral blood from patients with
different pathologic and nonpathologic
settings, particularly cancer, autoimmune and
autoinflammatory diseases, infections, lung
diseases, graft-versus-host disease, pregnancy,
and in individuals receiving granulocyte
colony-stimulating factor (G-CSF) for stem
cell mobilization. Because LDN were found to
suppress T-cell proliferation, these cells were
referred to as granulocytic/neutrophilic
myeloid-derived suppressor cells (MDSCs).
Unlike conventional neutrophils, MDSCs are

believed to be a product of disease-induced
altered myelopoiesis, which results in
myeloexpansion and pathologic activation
of these cells.4 However, the phenotypic
characterization and definition of LDN as
T-cell–suppressiveneutrophilicMDSCsremains
complex and challenging, because (1) LDN
also showed proinflammatory characteristics in
patients with certain autoimmune conditions,
and (2) immunosuppressive neutrophil
activities were also observed in the HDN
fraction and with nonseparated leukocytes.5

Thus, the precise identification of neutrophilic
MDSCswithin theLDNpopulation is difficult
and controversial,6 making it imperative
to define phenotypic or functional markers
to discriminate these cell populations more
precisely. Recently, recommendations for
MDSC nomenclature and characterization
standards were published, highlighting that the
capacity to suppress T-cell function should
become a key and defining feature of these
cells.7 This led to the study by Marini and
coworkers, who observed that neutrophil
populations in G-CSF–mobilized donors are
heterogeneously composed of immature and
mature neutrophils, and that this distinction
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