
STAT1-dependent MHCIIhi HSCs are less responsive to diverse stress stimuli. High levels of MHCII define a novel HSC subset dependent on STAT1. This subset is less
responsive to stress-induced (5-FU or polyinosinic:polycytidylic acid [p:IC]) proliferation and apoptosis. In mutant CALR mice, MHCIIhi HSCs have a low capacity to expand and
differentiate into the megakaryocytic lineage. Professional illustration by Somersault18:24.
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induces proliferation in differentiated cell
types, but it maintains quiescence in
HSCs.2,9,10

The authors also investigated the roles of
MHCIIlo and MHCIIhi HSCs in CALRdel/del

mice. In the murine model, MHCIIlo

HSCs are expanded and likely drive
thrombocytosis, whereas MHCIIhi HSCs
show reduced megakaryocytic potential
and expansion capacity. The enhanced
megakaryocytic bias of MHCIIlo HSCs is
in line with the observation that these
cells gave rise to a higher degree of
myeloid repopulation in transplantation
settings. The discrepancy in CALRdel/del–
induced expansion between MHCIIlo

and MHCIIhi HSCs provides a potential
therapeutic window to specifically target
MHCIIlo disease-driving HSCs while
leaving MHCIIhi dormant HSCs unaf-
fected. It remains to be determined
whether and how MHCIIlo and MHCIIhi

HSCs differ at a molecular level, and
whether the expansion of MHCIIlo HSCs
also dominates other stem cell–driven
hematopoietic malignancies.
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TLR1/2-stimulated DCs
“prime” HSCs via IL-1β
Francisco Caiado1,2 and Markus G. Manz1,2 | 1University Hospital Zurich
and 2University of Zurich

Bone marrow dendritic cells (BMDCs) are increasingly recognized as an
important cellular component of the hematopoietic stem cell (HSC) perivascular
niche. In this issue of Blood, Li et al1 report that BMDCs respond to Toll-like
receptor 1/2 (TLR1/2) agonist stimulation by producing interleukin 1β (IL-1β),
which is sensed by HSCs, leading to their expansion.
Mature hematopoietic cell production
during both homeostasis and stress relies
on a fine-tuned process of environmental
sensing and intracellular signaling by
HSCs within their microenvironment, also
referred to as the “HSC niche.”
Integration of cellular extrinsic signals
such as inflammatory or pathogen-
associated molecular pattern molecules
(PAMPs) into cellular intrinsic molecular
circuits determines whether HSCs remain
quiescent or engage in multilineage
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differentiation and/or self-renewal divi-
sions to generate the blood cells in
demand, while at the same time main-
taining a sufficient HSC pool size.2 HSCs
can be activated via direct PAMP
sensing by TLRs.3 In addition, PAMPs
are detected by multiple BM cell types,
leading to inflammatory cytokine
production that ultimately determines
HSC function.4 However, which cells,
and possibly which specific perivascular
niche cells are responsible for PAMP
sensing and which inflammatory signals
function as messengers to fine-tune HSC
and hematopoietic stem and progenitor
cell responses, is still not clear. In this
issue of Blood, Li et al identify BMDCs as
major cellular sensors of TLR1/2 agonists
and show that this sensing results in
increased BMDC IL-1β production, sig-
naling HSCs to transiently expand their
pool (see figure).

To identify the mouse BM myeloid
phagocyte populations with the highest
TLR expression levels, the authors pre-
formed RNA-sequencing on DCs
(CX3CR1high MHCIIhigh CD11chigh Gr-1–

B220–), macrophages (CX3CR1–

MHCIIhigh CD169+ Gr-1– B220–), and
monocytes (CX3CR1high CD115+ Gr-1+

B220–) and observed that DCs exhibit
the highest levels of Tlr1/2 and inflam-
matory Il1b expression. In vivo exposure
to a TLR1/2 agonist (PAM3CSK4) resul-
ted in an overall decrease of BM myeloid
BM perivas
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phagocytic populations, decreased
osteoblast/mesenchymal stromal cell/
sinusoidal endothelial cell numbers, and
increased mobilization and expansion of
phenotypically defined HSCs due to
higher HSC cycling activity. Importantly,
using a “conventional” DC-specific
deletion of the TLR pathway member
Myd88 (Zbtb46-Cre, Myd88f/f mice), Li
et al show that only HSC expansion is
directly dependent on DC-specific TLR
sensing. This is a major finding, with
2 key implications: (1) it excludes major
cell-autonomous effects of the TLR1/2
agonist in BM HSC proliferation, chal-
lenging the notion that HSCs are, at least
partially, direct sensors of this specific
type of PAMP5; and (2) it links HSC
expansion downstream of TLR1/2 to a
perivascular niche cell type, which
had previously been shown for the
sensing of microbiota-derived circu-
lating bacterial DNA by BM
CX3CR1+MHCIIhi mononuclear cells
during steady-state hematopoiesis.4

Importantly, whether DCs can also
sense steady-state levels of microbiota-
derived TLR1/2 agonists and not just
hyper-physiological doses of PAM3CSK4
remains to be determined.

To address the mechanism by which DCs
contribute to PAM3CSK4-induced HSC
expansion, Li et al performed RNA-
sequencing on sorted BMDCs 24 hours
after treatment with PAM3CSK4. The
cular niche

� • Expansion
• Reduced repopulation
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roduction of the inflammatory cytokine IL-1β in the
HSCs, leading to their pool expansion, biased myeloid
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authors identified Il1b upregulation as a
potential candidate, thereby linking DCs
to HSC expansion. Indeed, IL-1β chronic
exposure was shown to cause HSCs and
multipotent progenitor cell expansion and
enhanced HSC myeloid differentiation,
while impairing HSC reconstitution
capacity.6 To test if IL-1β was the
molecular driver of HSC proliferation, the
authors exposed IL-1R1−/− mice to
PAM3CSK4 and observed reduced HSC
expansion compared with wild-type (WT)
animals, strongly suggesting that TLR1/2-
induced HSC and progenitor cell expan-
sion is dependent on IL-1 signaling. Of
note, there was still a minor but significant
expansion of LSK (Lin– Sca-1+ C-Kit+) and
multipotent progenitor 3 (MPP3) in IL-
1R1−/− mice after PAM3CSK4 exposure,
suggesting that additional inflammatory
mediators may be involved. Moreover, as
expected from chronic IL-1β exposure
studies, while PAM3CSK4-treated WT
HSCs lost repopulation capacity, their
IL-1R1−/− counterparts were able to
maintain repopulation capacity upon
secondary transplantation.

Finally, the authors cultured sorted
murine WT HSCs with conditioned media
from PAM3CSK4-stimulated BMDCs and
observed that IL-1β, present in the
conditioned media, was indeed able to
increase the Lin– C-Kit+ population cell
number. As further confirmation of this
finding, exposure of human DCs, but not
monocytes, to PAM3CSK4 resulted in
increased IL-1β levels. This finding sug-
gests that PAM3CSK4 treatment induces
an expansion of hematopoietic pro-
genitors, at least in part, by increasing IL-
1β expression in BMDCs. Overall, this
study establishes BMDC-mediated IL-1β
production downstream of TLR1/2 acti-
vation as a key molecular bridge between
PAMP-sensing and HSC responses. These
findings align with and extend other
recent data, in which we observed an
age-dependent increase in circulating
microbiota-derived TLR4/8 agonists.
These agonists are sensed by BM
inflammatory monocytes and gran-
ulocytes, causing increased IL-1 produc-
tion that ultimately leads to HSC pool
expansion and an increased myeloid dif-
ferentiation bias.7 Integration of these
findings highlights IL-1 as a major
inflammatory cytokine induced down-
stream of TLR signaling within different
BM myeloid cell types influencing HSC
proliferation and myelopoiesis.
TOBER 2022 | VOLUME 140, NUMBER 14 1577
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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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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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