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Dual role for atypical chemokine receptor 1 in myeloid
cell hematopoiesis and distribution
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Similar to conventional chemokine
receptors, atypical chemokine receptors
(ACKRs) are cell-surface receptors that
possess a seven transmembrane domain
structure and regulate immune responses
by interacting with chemokines. How-
ever, ACKRs differ from conventional
chemokine receptors because of their
inability to couple to G proteins and
therefore to transduce intracellular sig-
nals mediating leukocyte migration upon
chemokine binding. Instead, ACKRs
internalize, transport or scavenge chemo-
kines, regulating their extracellular avail-
ability, and thus impacting homeostasis,
inflammation and immune response.'=

ACKRI, also known as Duffy antigen
receptor for chemokines, is expressed in
endothelial cells (ECs), erythrocytes and a
subset of neurons* On ECs, ACKRI
regulates inflammatory responses by
transporting chemokines to the luminal
surface of vessels, presenting them to
rolling leukocytes.” In the brain, ACKRI
regulates neurotransmission and the activ-
ity of Purkinje neurons, influencing motor
function and behavior.® In erythrocytes,
ACKRI is believed to function as a blood-
based chemokine buffer by taking up,
accumulating and degrading chemokines.”
Moreover, ACKR1  expressed on
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erythrocytes provides binding sites for
Plasmodium vivax and Plasmodium know-
lesi, enhancing susceptibility to malaria.?
Interestingly, most individuals in Sub-
Saharan Africa bear a single-nucleotide
polymorphism in the ACKRI promoter
that disrupts the binding site for the
transcription factor GATA-1, and thus
impairs the expression of ACKRI in
erythrocytes but not in ECs.>'® Due to
the associated resistance to malaria, this
‘Dufty-negative phenotype’ has conferred
an evolutionary advantage and is wide-
spread in African diaspora. These indivi-
duals have low neutrophil cell counts, or
neutropenia, which mechanism so far has
remained unresolved.!!

In a recent issue of Nature Immunol-
ogy, Rot and colleagues published a study
in which ACKR1 was identified as an
essential regulator of hematopoiesis by
promoting direct interactions between
bone marrow (BM) nuclear erythroid
cells (NECs) and hematopoietic stem
cells (HSCs).!2 The authors also found
that the absence of ACKRI on bone
marrow erythroid cells induced the
development of neutrophils with altered
phenotype; these neutrophils ultimately
accumulated in the spleen, leading to
neutropenia and recapitulating the phe-
notype found in Duffty-negative indivi-
duals (Figure 1). These results provided
fundamental insights into the regulation
of normal hematopoiesis and unveiled
an unexplored mechanism that has sus-
tained an evolutionary advantage, result-
ing in the fixation of the ACKRI
1rs2814778(G) polymorphism in Africa.

Using immunohistochemistry and
flow cytometry, the authors first con-
firmed the expression of ACKRI in
BMECs and erythroid cells, and not in
any other hematopoietic cell subtype.
They also found high levels of ACKR1
expression in early developmental stages
of NECs and lower levels upon NEC
maturation, suggesting that the expres-
sion of ACKR1 may be physiologically
relevant during hematopoiesis. Interest-
ingly, immunophenotypic analyses of the
hematopoietic development comparing
wild-type and  Ackrl-deficient mice
revealed normal erythropoiesis with no
differences in number or relative propor-
tion of erythroid cell subpopulations.
However, the absence of ACKRI induced
shifts in the composition of the hemato-
poietic stem and progenitor cell (HSPC)
compartment. For instance, the fre-
quency and proliferative capacity of
lineage-negative  (Lin~)  Sca-17c-kit*
(LSK) cells were reduced, whereas the
level of CD34 expression was higher in
the BM of Ackrl™/~ mice. A more
pronounced reduction was found in the
CD48~ subpopulation of LSKs due to an
increased relative proportion of HSCs.
Reductions were also observed in the
absolute cell numbers of the multipotent
progenitor (MPP) la and MPP1b sub-
populations. Among myeloid lineage pro-
genitors, the absence of ACKR1 resulted
in an overall slight reduction of myeloid
progenitor cells (MPCs) due to decreased
absolute cell numbers of granulocytic—
monocytic progenitors and megakaryocy-
tic—erythroid progenitors.
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Figure 1 Schematic representation of how atypical chemokine receptor 1 (ACKR1) regulates hematopoiesis, the neutrophil phenotype and
migration. In wild-type mice and ‘Duffy positive’ individuals, ACKR1 expressed on nucleated erythroid cells (NECs) in the bone marrow
(BM) mediates their interaction with hematopoietic stem cells (HSC) and enables a known physiological hematopoiesis variant, resulting in
neutrophils with a known phenotype, which migrate into the spleen as facilitated by ACKR1 expression on endothelial cells (ECs). In
contrast, in Ackrl-deficient mice (and possibly in rare patients with a premature stop codon in the ACKR1 open reading frame, causing
ACKR1 silencing in all tissues!3), a lack of ACKR1 on NECs prevents their interaction with HSCs, affecting hematopoiesis and resulting in
neutrophils with a new phenotype (overexpressing CD45, CD16/CD32 and CCR2). However, the neutrophil number in blood remains
unchanged because ACKR1 deficiency on ECs prevents neutrophil entry into the spleen. In wild-type mice reconstituted with BM from
Ackrl-deficeint mice (WT mice + Ackrl”~ BM), as well as individuals of African ancestry homozygous for the rs2814778(G) allele of
ACKR1 (‘Duffy-negative’ individuals), hematopoiesis is affected by a lack of ACKR1 on NECs in the same way as in Ackrl™~ mice.
However, as ACKR1 expression is preserved on ECs, neutrophils with the new phenotype accumulate in the spleen, resulting in

neutropenia.

The investigators further used a gene
expression microarray to evaluate
whether the deficiency of ACKRI
affected the transcriptomic profile of
the HSPC populations. They compared
the transcriptomes in LSKs and granulo-
cytic-monocytic progenitors cell popula-
tions from wild-type and AckrI-deficient
mice, and found that in the BM of
Ackrl™~ mice, genes primarily assigned
to the neutrophil and myeloid lineages
were upregulated. Moreover, genes
encoding for neutrophil effector mole-
cules (such as cathelicidin, neutrophil
granule protein or resistin-like molecule
gamma) were clearly upregulated in
Ackrl-deficient cells compared with their
wild-type counterparts. Together with
the abnormal HSPC composition found
in Ackrl-deficient mice, these data iden-
tified ACKR1 as an essential regulator of
BM homeostasis.

Reciprocal bone marrow chimeras
were used to assess the contributions of
ACKRI from NECs (hematopoietic

compartment) and ECs (stromal com-
partment) to normal hematopoiesis.
When ACKRI was absent in the hema-
topoietic compartment, the HSPC sub-
populations resembled those of the
AckrI-deficient mouse, regardless of the
background of the recipient. Conversely,
the reconstitution of irradiated Ackrl =/~
recipients with ACKRI1-expressing BM
cells restored hematopoietic parameters
similar to those of wild-type mice. Addi-
tionally, to rule out the possibility that
ACKRI expressed on circulating mature
erythrocytes could affect BM hematopoi-
esis, the authors generated parabiotic WT
and Ackrl-deficient mice that shared the
same circulatory system. The presence of
wild-type mature erythrocytes in blood
circulation did not restore the normal
HSPC populations in Ackrl-deficient
parabionts. Overall, these data clearly
suggest a key role of ACKRI expression
on NECs on BM hematopoiesis.

To prove that NECs formed direct cell
contacts with HSCs, Rot and colleagues
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employed 2-photon laser scanning
microscopy of the whole-mounted bone
marrow and found that the HSCs
formed immediate contacts with the
NECs in the BM from wild-type mice.
In contrast, in the BM of AckrI-deficient
mice, only a third of all HSCs was in
close proximity with NECs. The authors
pinpointed the requirement for ACKRI1
in interactions between NEC and MMP1
or LRP, but not MMP2 cells. These
results further expanded our knowledge
on the complexity of the HSC
niche in BM.

Despite numerical changes of hema-
topoietic progenitors in BM, AckrI-defi-
cient mice showed normal differential
peripheral blood leukocyte counts. How-
ever, the neutrophils of Ackrl™~ mice
overexpressed the FCy receptors CD16/
CD32 (important for antimicrobial
defense), CD45 (a molecule that ampli-
fies FCy receptor function) and CCR2
(an inflammatory chemokine receptor
expressed on monocytes but not on



neutrophils in wild-type mice). The same
set of membrane molecules was also over-
expressed on the neutrophils of Duffy-
negative individuals, suggesting that the
lack of ACKRI1 exclusively on erythroid
cells could change BM hematopoiesis in
humans in the same way observed in
Ackr1™~ mice. However, this seems con-
tradictory:  seemingly healthy Duffy-
negative individuals have blood neutrope-
nia, whereas Ackrl-deficeint mice have
normal blood neutrophil counts. Because
ACKRI expression on ECs mediates neu-
trophil exit into peripheral tissue,” the
authors examined blood neutrophils in
reciprocal wild-type and Ackrl”~ BM
chimeric mice. Indeed, they found that
the blood of wild-type mice reconstituted
with BM from Ackri-deficient mice had
reduced numbers of neutrophils, which
accumulated in the spleen due to ACKR1
expression on venular ECs. However, the
positioning of the neutrophils (in white or
red pulp) and their fate (cell death or
contribution to the splenic host defenses)
remain to be answered by future studies.

Overall, this study described an impor-
tant role of ACKRI1 expressed on the cells
of erythroid lineage on bone marrow cell
output and thereby, broadening our
understanding of the HSC niche in the
BM and the chemokine system role in
hematopoiesis.!* Furthermore, this study
carries clinical implications, providing a
mechanistic insight for peripheral blood
neutropenia in healthy individuals of
African ancestry that carry the allelic
variant rs2814778(G) of ACKRI.

The findings reported by Duchene and
colleagues also open some very intri-
guing concerns. First, the mechanism
behind the ACKR1-mediated interaction
between NECs and HSCs remains
unclear. ACKR1 could serve as a sink
or a reservoir for chemokines that might
influence migration, survival and/or the
proliferation of HSPCs;!* however, these
interactions could be mediated by other
molecules such as the tetraspanin family
member CD82.!> Of note, ACKR1 does
not bind CXCL12,> a key chemokine
required for the maintenance of
HSCs,'® suggesting that some other
ACKR1-binding chemokines could reg-
ulate NEC-HSC interactions (such as
ligands for CCR3, which is expressed on
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HSCs'7). Second, it is unclear whether
other ACKRs also play a role in hema-
topoiesis. In contrast with ACKRI,
ACKR3 binds to CXCLI12.? Although B
cells and granulocytes develop normally
in Ackr3-deficient mice,'® it is possible
that ACKR3-deficiency induced changes
in HSPC subpopulations, leading to
phenotypically distinct leukocytes, simi-
lar to altered neutrophils in Ackrl™~
mice. Third, the means by which the
altered neutrophils in humans carrying
the rs2814778(G) allele provide resis-
tance to Plasmodium parasites, and viral
and  bacterial  infections  remain
unknown. Interestingly, Ackrl-deficient
mice that also show this altered neutro-
phil phenotype are not more susceptible
to bacterial infection compared with
wild-type mice, despite altered neutro-
phil trafficking following exposure to
various inflammatory stimuli.>* Finally,
it will be interesting to see whether this
new mouse model (wild-type mice
reconstituted with BM from Ackrl-defi-
cient mice) can be used to investigate
altered susceptibility to inflammatory
and immune conditions in persons with
Duffy-null phenotype.? Future studies
providing answers to these and addi-
tional questions should contribute to
the understanding of the role of ACKR1
and other ACKRs in hematopoiesis,
inflammation and immunity.
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