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Moreover, the findings by Li et al impli-
cate TLR1/2 and IL-1 signaling in the
development of hematologic dysfunc-
tion. Indeed, the authors show increased
TLR1 and IL-1β expression in BMDCs,
CD14+ monocytes, and CD16+ mono-
cytes in a small number of human mye-
lodysplastic syndrome (MDS) samples.
Although this finding needs validation in
larger cohorts, it aligns with previous
reports on increased TLR1/2 signaling in
MDS hematopoietic progenitors.8

Moreover, altered IL-1 signaling has
also been implicated in MDS pathology
and development of acute myeloid leu-
kemia (AML). Expression of IL-1 acces-
sory protein (eg, IL1RAP, a IL-1R1
coreceptor) is increased in high-risk MDS
and AML blasts and associates with poor
overall survival in patients with AML.9 It
is therefore tempting to speculate that
in pre-leukemic states such as MDS
(and potentially also in clonal hemato-
poiesis), enhanced TLR1/2 sensing can
lead to higher IL-1 production; this might
favor the selection of mutant HSCs over
WT counterpart cells, leading to expan-
sion of inflammation-adapted mutant
clones and further accelerating progres-
sion to full leukemia. The findings by Li
et al further highlight the need to
understand whether leukemia-founding
mutations might not only be present in
BMDCs but also might alter and possibly
enhance their inflammatory responses,
as observed for DNMT3a and TET2
mutant myeloid cells.10

Overall, the findings by Li et al identify
BMDCs as active players of the HSC
niche with a critical role in PAMP sensing
and IL-1–dependent regulation of HSC
expansion. Future studies will need to
unravel the precise contribution of mul-
tiple PAMP-sensing cell types as well as
the molecular pathways operating in
various infectious/inflammatory contexts
and their overall implications for host
defense responses, hematologic aging,
and disease development.
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RED CELLS, IRON, AND ERYTHROPOIESIS
Comment on Romano et al, page 1621
Two’s company but three’s
a blast!
Deena Iskander | Imperial College London

In this issue of Blood, Romano et al discover that in murine bone marrow,
both granulocyte and erythroid precursors develop around a single central
macrophage, within a specialized niche termed erythromyeloblastic islands
(EMBI).1 Although it is well established that mammalian erythropoiesis occurs
in erythroblastic islands (EBI), comprising 5 to 30 maturing red blood cell
precursors surrounding a macrophage,2 like an orchestra around a
conductor, Romano et al identify that the “orchestra” constitutes
granulocyte as well as erythroid precursors. Furthermore, they introduce a
new concept in hematopoietic cell homeostasis: an inverse relationship
between erythroid and granulocyte lineage cell numbers in EMBI that vary
in response to microenvironmental cues. These findings provide insight into
disorders such as anemia of inflammation/chronic disease.
The precise roles of EBI macrophages
in erythropoiesis are not fully understood,
but include cross-talk between erythro-
blasts and macrophages, critical for
erythroblast survival, and macrophage
engulfment of extruded erythroid nuclei
in terminal erythropoiesis.2 EBI dysfunction
is increasingly recognized as contributing
to the pathogenesis of anemia in diseases
such as thalassemia3 and myelodysplastic
syndromes,4 yet the regulatory mech-
anisms controlling EBI and their role in
nonerythroid lineage development are
unknown. In part, this is because studying
EBI is fraught with technical challenges2:
first, the immunophenotype of EBI
macrophages remains incompletely
defined; second, macrophages are prone
to fragmentation during manipulation; and
third, purification of these cells may be
hampered by their low frequency in bone
marrow, tight adherence to other cell
types and ingestion of erythroid cells
resulting in “membrane switching,”
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making accurate identification and puri-
fication of macrophages by their cell
surface antigen expression difficult.

Romano et al address these challenges
using density centrifugation of bone
marrow from wild-type C57BL/6J mice to
enrich for cell clusters. They then identify
EBI by multispectral imaging flow cytom-
etry, a technique that allows cell enumer-
ation by flow cytometry, combined with
morphological assessment by imaging.
EBI macrophages are further character-
ized by confocal microscopy, single-cell
RNA-sequencing and cellular indexing of
transcriptomes and epitopes-sequencing
(CITE-seq).

The first observation is that ~75% of “EBI”
contain cells expressing CD11b (αMβ2
integrin). These are morphologically iden-
tifiable as granulocyte precursors, mainly
myelocytes and metamyelocytes, and are
interspersed with erythroid lineage cells
expressing CD71 (the transferrin receptor)
and spanning the erythroid hierarchy,
from CD34+ erythroid progenitors to
erythroblasts to occasional anuclear retic-
ulocytes. EBI are therefore more accu-
rately termed “EMBI,” comprising both
erythroid and myeloid cells in close
contact with a macrophage.
CD71+
erythroid

precursors (E)

Macrophage

CD11b+
granulocyte

precursors (G)

Steady
state

EMBI in mouse bone marrow are composed of a central m
state, there are similar numbers of these 2 lineages. In mic
granulocyte precursors, leading to anemia. Conversely, in m
promotes an absolute increase in EMBI numbers. Professio
Next, the authors show that in steady
state, the ratio of CD71+ erythroid to
CD11b+ granulocytes precursors in EMBI
is approximately 1.4:1; however, this ratio
is modulated by intrinsic or extrinsic
factors (see figure). Specifically, genetic
knockdown of the myeloid transcription
factor Gfi1, a model for congenital
neutropenia, inhibits granulopoiesis as
expected, and in turn increases the
relative proportion of erythroid cells. In
contrast, pharmacologic treatment of
mice with granulocyte colony-stimulating
factor stimulates granulopoiesis, with a
corresponding dose-dependent reduc-
tion in erythropoiesis. Murine models of
inflammation (interleukin-10 knockdown
resulting in inflammatory bowel disease
and cecal ligation peritonitis/sepsis)
significantly decrease the CD71+:CD11b+

ratio, leading to anemia and leukocytosis.

Conversely, treatment of mice with eryth-
ropoietin (Epo) increases the erythroid to
myeloid cell ratio in EMBI. Furthermore,
Epoelevates theabsolutenumberofEMBI
by approximately fourfold. Because Epo
is the major growth factor stimulated in
response to anemia or hypoxia, these data
confirm prior reports of a critical role for
EBI in stress erythropoiesis5 and further
show that Epo-induced erythropoiesis
occurs at the expense of granulopoiesis.
EMBI

E�G

EBI n
E

Epo

G-CSF or inflammation

acrophage or “nurse” cell surrounded by a rosette of mat
e treated with granulocyte colony-stimulating factor or in m
ice treated with Epo, erythroid cells are increased relative to
nal illustration by Somersault18:24.

6 OC
Previous work has suggested that EBI
macrophages express the Epo receptor
(EpoR), as well as multiple receptors for
erythroblast cell surface ligands.6 Romano
et al confirm expression of previously
described markers of EBI macrophages
including F4/80 (detectable in mouse but
not human EBI) and VCAM1, with
heterogeneous expression of CD169.7

Surprisingly, given their Epo-
responsiveness, fewer than 10% of mac-
rophages express the EPOR transcript,
measured at single-cell resolution. Further
work is needed to reconcile this discrep-
ancy, but 1 possible explanation is that in
the EpoR-eGFPcre knockin mouse model
used by Li and colleagues,6 macrophages
were contaminated by ingested
fluorescent erythroid nuclei.

Limitations of flow cytometry include the
ability to examine only a finite number of
proteins determined a priori and the lack
of contemporaneous transcriptomic data
in single cells. The authors therefore
characterize EMBI by CITE-seq and show
that Epo treatment significantly alters the
surface protein phenotype, but not the
transcriptome, of EBI macrophages. The
authors ascribe this finding to macro-
phage heterogeneity in the EMBI; how-
ever, a caveat to this conclusion is the
variability introduced by contaminating
E�G

umber
�G

uring granulocyte and erythroid precursors. At steady
odels of inflammatory disease, there is a shift toward
their granulocyte counterparts within EMBI. Epo also
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cell types because of the previously
mentioned technical challenges associ-
ated with isolating and analyzing macro-
phages. Future work using techniques
that increase both the yield and purity of
isolated macrophages will more accu-
rately define true macrophage hetero-
geneitywithin EMBI. The authors find that
the major macrophage subsets, proin-
flammatory “M1” and anti-inflammatory
“M2,” are equally prevalent in EMBI;
however, macrophage polarization by
cytokines and growth factors has previ-
ously been reported,8,9 and this area
requires further clarification.

In summary, Romano et al provide
evidence for a previously unknown
homeostatic mechanism in normal murine
bone marrow, whereby erythroid and
granulocyte precursors, which stem froma
common multipotent progenitor, are cor-
egulatedbymicroenvironmental factors in
EMBI. Tantalizingly, they allude to pre-
liminary data supporting the presence of
EMBI in human bone marrow. Further
studies will be needed to elucidate the
role of EMBI in anemia resulting from
the bone marrow inflammatory milieu
that typifies chronic diseases10 or from
the unchecked stimulation of
granulopoiesis in myeloproliferative
disorders. The observation that
pathological expansion of 1 of the
lineages within this niche may suppress
the other means that interactions within
EMBI could be a useful therapeutic
target for these disorders and other
cytopenias. Although it is known that
specialized “stress erythroid progenitors”
are induced during stress erythropoiesis,5

this work also postulates that high-Epo
conditions may lead to both quantitative
and qualitative changes in EMBI macro-
phages. What remains to be elucidated
are the identity and protean roles of EMBI
macrophages in physiological and patho-
logical human erythropoiesis.
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Comment on Albert et al, page 1635
HSCT for adults with
immunodeficiencies
Sridhar Rao1 and Larisa Broglie2 | 1Versiti Blood Research Institute and
2Medical College of Wisconsin

In this issue of Blood, Albert et al1 present compelling evidence that allogeneic
hematopoietic stem cell transplantation (HSCT) is a highly feasible and
potentially curative approach for adults with inborn errors of immunity (IEI).
Inborn errors of immunity (IEI) include a
constellation of diseases that cause
immune system dysfunction. The classic
example of IEI is severe combined
immunodeficiency (SCID), which usually
presents with life-threatening infections
in infants with T-cell (and potentially other
lymphoid) defects found on molecular
testing to identify the genetic mutation.
Allogeneic hematopoietic stem cell
transplantation (HSCT) is indicated for
SCID and many other IEI that present in
early childhood. HSCT in SCID, Wiskott-
Aldrich syndrome, and similar diseases
has an excellent outcomewhen performed
at an earlier age, partly attributable to
children having accumulated fewer infec-
tions and IEI-related complications.2-6

By contrast, IEI in adolescents and adults
represent an entirely different category of
disease. Many adults lack a definitive
molecular diagnosis, making it a challenge
to predict the natural history of their dis-
ease. This also makes the risk/benefit ratio
for allogeneic HSCT difficult to calculate.
Adult patients with IEI may accumulate
complications such as lung disease,
hepatic dysfunction, or prior splenectomy,
which may increase a patient’s risk for
HSCT. There are limited data on the out-
comes of HSCT in adults with IEI and
whether they have higher rates of HSCT-
associated complications, including
transplant-related mortality, graft failure,
or graft-versus-host-disease (GVHD).7-9

Collectively, this has left hematologists,
immunologists, and HSCT physicians with
insufficient data to make the crucial
decision of when and if an adult with IEI
should be referred for transplantation. In
addition, it is unclear whether specific
comorbidities make HSCT-associated risks
unacceptable. To address this issue, Albert
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