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Editorial Commentary

A novel macrophage subtype directs hematopoietic stem cell 
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Early embryonic hematopoiesis in vertebrates proceeds in 
two consecutive waves (Figure 1). The first wave, defined as 
primitive hematopoiesis, takes place in the extraembryonic 
yolk sac and generates transitory hematopoietic cell 
populations consisting of primitive erythrocytes. During 
this first wave, small number of myeloid cells (e.g., primitive 
monocytes/macrophages and megakaryocytes) are also 
generated. The second wave, referred to as definitive 
hematopoiesis, temporarily occurs in the fetal liver 
and transitions to the bone marrow and thymus, where 
multipotent hematopoietic stem cells (HSCs) contribute 
to the generation of all blood lineages (1-3). In zebrafish, 
primitive hematopoiesis occurs at early somite stages in the 
intermediate cell mass (ICM) and the rostral blood island 
(RBI). The ICM cells originate from the posterior lateral 
plate mesoderm (LPM) and differentiate into primitive 
erythrocytes, neutrophils, and thrombocytes; and the RBI 
cells are derived from the lateral mesoderm of the zebrafish 
head and differentiate into macrophages (4-8). Across 
vertebrate species, definitive HSCs are believed to be 
generated in the aorta-gonad-mesonephros (AGM) region. 
These HSCs are primarily derived from endothelial cells 
within the ventral wall of the dorsal aorta. The definitive 
HSCs in mammals first migrate to and repopulate in 
the fetal liver and then home to the bone marrow, while 
the definitive HSCs in zebrafish migrate first to the 
caudal hematopoietic tissue and then to their definitive 
anatomical sites in the kidney and thymus (5-8). Despite 
these apparent differences in definitive hematopoiesis 
between fish and mammals, the definitive HSC niche 

functions to actively recruit stem cells and maintain their 
plasticity throughout adulthood (2,4,5). While much is 
known regarding these processes, many of the factors which 
compose the HSC milieu, as well as the precise signaling 
events that direct HSC migration and preserve stemness, 
remain undefined. There is growing evidence that during 
primitive hematopoiesis in the developing embryo that 
macrophages generated in the yolk sac are involved in the 
regulation of primitive HSC trafficking—a mechanism 
suggested to involve in the secretion of inflammatory 
factors, extracellular matrix (ECM) components, and 
metalloproteinases (3,9,10). In fact, it is established 
in zebrafish that macrophages are responsible for the 
appearance of HSCs in the caudal tissue (10,11). However, 
the precise macrophage-specific signals regulating HSC 
recruitment to definitive sites of hematopoiesis are not well 
defined.

In adults, HSCs residing in the bone marrow may 
become activated and mobilize into peripheral blood in 
response to ischemic injury or infection. These HSCs may 
competently home to extramedullary hematopoietic sites 
(such as the spleen) or return to their bone marrow HSC 
niches (12-14). Similarly, HSCs transplanted intravenously 
into lethally irradiated subjects, home to bone marrow 
niches to restore hematopoiesis. The homing of HSCs to 
bone marrow or extramedullary sites is a multistep process 
of trans-endothelial migration. Vascular cell adhesion 
molecule-1 (VCAM-1) is a glycoprotein that is primarily 
expressed in endothelial cells, whose expression is activated 
in response to proinflammatory cytokines (TNF-α) but 
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also by exposure to reactive oxygen species (ROS), shear 
stress, or toll like receptor agonists (13). Pro-inflammatory 
responses can also induce VCAM-1 expression in other 
cell types, including macrophages. VCAM-1 plays an 
important role in HSC rolling and adhesion to endothelium 
via binding to α4β1 integrins. Inhibition of VCAM-1-
α4β1 integrin interaction results in impaired HSC trans-
endothelial migration and homing to bone marrow and/
or extramedullary sites of hematopoiesis (13). Recently, 
it has also been revealed that VCAM-1+ macrophages, 
residing in the red pulp of the spleen, are responsible for 
retention of HSCs and the establishment of extramedullary 
hematopoiesis. Inhibition of VCAM-1 or depletion of 
splenic macrophages results in release of HSCs from the 
spleen to peripheral blood (15). Although, the role of 
VCAM-1 in adult HSC biology is well studied, there is little 
known about its role in directing embryonic hematopoiesis. 

In this study by Li et al., the authors conducted a lineage 
tracing of hematopoietic and stem progenitor cells (HSPCs) 
in zebrafish embryos to understand the mechanism of HSC 
homing to sites of definitive hematopoiesis (16). Employing 
genetic models (e.g., forward genetics screening, CRISPR/
Cas9 system), the authors followed the fates of HSPCs in 
caudal hematopoietic tissue—equivalent to fetal liver in 

mammals. By carefully tracking the location of HSPCs and 
comparing them to integrin alpha 4 (itga4)-mutant embryos 
(which displayed HSPC homing defects based on forward 
genetics screening), the authors identified a niche in which 
HSPCs home, proliferate, and differentiate into their 
specialized cell types. The authors defined these niches as 
“hot spots”. As previous studies have identified a host of 
secreted regulatory factors from niche cells and extracellular 
matrix components important for the differentiation of 
HSPCs (17-19), the authors focused on one particular 
molecule, VCAM-1, for further study. Interestingly, 
vcam1-mutants displayed similar defects in homing and 
differentiation of HSPCs to itga4-mutants, confirming 
that the ITGA4-VCAM-1 axis is important for homing 
and retention of HSPCs. When these VCAM-1+ cells were 
analyzed carefully, these cells were always localized next 
to HSPCs. Furthermore, these VCAM-1+ cells were not 
endothelial cells, but in fact, a subset of macrophages based 
on labeling experiments using cell-type-specific transgenic 
lines (kdr1 and mpeg1 for endothelial cells and macrophages, 
respectively).

To elucidate the role of these VCAM-1+ macrophages 
in the homing and retention of HSPCs, the authors 
conducted loss- and gain-of-function experiments by 
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Figure 1 VCAM-1+ macrophages guide hematopoietic stem/progenitor cell to sites of definitive hematopoiesis. Primitive hematopoiesis 
occurs at early somite stages in the ICM and the RBI. The ICM cell originate from the posterior LPM and differentiate into primitive 
erythrocytes, neutrophils, and thrombocytes; and the RBI cells are derived from the lateral mesoderm of the head and differentiate into 
macrophages. Subset of macrophages expressing ICAM-1 migrate to the sites of definitive hematopoiesis in AGM and CHT to recruit 
hematopoietic stem cells and initiate neonatal hematopoiesis and guide them further to sites of adult and definitive hematopoiesis in kidneys 
and thymus. ICM, intermediate cell mass; RBI, rostral blood island; LPM, lateral plate mesoderm; AGM, aorta-gonad-mesonephros; CHT, 
caudal hematopoietic tissue; VCAM-1, vascular cell adhesion molecule-1.
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depleting macrophages using metronidazole (MTZ) and 
by expressing wildtype vcam1 in mpeg1+ macrophages in 
vcam1 mutants, respectively. These experiments showed 
that: (I) depletion of macrophages did not affect HSPC 
emergence but caused impaired lodgment of HSPCs 
and hematopoiesis, demonstrating that macrophages 
are required for the retention of HSPCs; (II) although 
HSPCs in macrophage-depleted embryos did not lodge 
in the caudal hematopoietic tissue, HSPCs could slowly 
flow in the vasculature, suggesting the role of endothelial 
VCAM-1 for the initiation of HSPC rolling on the dorsal 
endothelium bed as reported previously (20); and (III) 
the retention of HSPCs was restored when vcam1 was re-
expressed in mpeg1+ cells. Utilizing mutant and transgenic 
lines, the authors further investigated the appearance and 
the retention of VCAM-1+ macrophages and HSPCs. As 
result, they uncover that ~75% of the lodged HSPCs (in 
the caudal hematopoietic tissue) interacted with VCAM-
1+ macrophages at the entrance of dorsal venous capillaries. 
By examining the timing of the entrance into the venous 
capillaries, the authors further defined time of retention of 
HSPCs and named VCAM-1+ macrophages, usher cells.

The authors convincingly identified a novel subset of 
macrophages, usher cells, that regulate the homing of 
HSPCs to a vascular niche. As noted by the authors, the 
current imaging technology and transgenic zebrafish lines 
do not allow the distinction between symmetrical and 
asymmetrical division of cells. The concept of asymmetrical 
cell division is well known in the field of hematology, 
referring to the event in which an HSPC divides 
asymmetrically to give rise to one cell that maintains the 
stem cell pool and another that is committed to differentiate 
(21,22). Thus, one way to overcome this problem is to 
perform in vitro culture of HSPCs and follow their fates 
in culture using single-cell imaging (23). Also noted by 
the authors, it is not clear what molecules other than  
VCAM-1 are expressed by usher cells and niche cells to 
recruit HSPCs. Since single-cell RNA sequencing (scRNA-
seq) has matured in recent years, more molecular analysis 
of the cells identified in this study using scRNA-seq may 
provide some clues to identify such molecules. Along the 
same line, usher cells should be isolated and characterized 
for their surface markers using flow cytometry. If a specific 
set of surface markers can be identified, the existence of 
usher cells (or a similar subset of macrophages) can be 
confirmed in mammals, which broaden the perspective of 
the present study.
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