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Erythroblast Island Macrophages (EIMs) are specialized cells that play a crucial

role in erythropoiesis by forming erythroblastic islands (EBIs) and supporting the

maturation of erythroblasts. These macrophages express a variety of surface

markers that mediate their interactions with erythroblasts and regulate

erythropoiesis. Most studies on EMIs rely on flow cytometry analysis and

selecting the correct surface markers is of great importance when conducting

research. This review provides a brief overview of the surface markers expressed

by EIMs, including a5-integrin, CD11b, CD16, CD163, CD169, CD206, CSF1R,
EPOR, F4/80, Gr1, MerTK, PPARg, Timd4, and VCAM1. We also discuss the

heterogeneity of EIMs and subsets of EIMs, such as F4/80+VCAM-1+CD169+

EPOR+ macrophages.
KEYWORDS

erythroblast island macrophages, surface markers, erythropoiesis, erythroblast island,
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1 Introduction

Erythroblast island (EBI) macrophages (EIMs) play a critical role in the regulation of

erythropoiesis, the process by which red blood cells are produced in the bone marrow.

EBIs are unique structure composed of a central macrophage surrounded by multiple

developing erythroid cells. These specialized macrophages support the differentiation and

maturation of erythroblasts (1, 2). The interaction between EIMs and erythroblasts is

facilitated by a variety of surface protein expressed on the macrophages and erythroblasts.

Depending on the species and the type of organ, the surface markers of EIMs used in flow

cytometry can vary. In this review, we briefly summarize the major surface markers

expressed on EIMs and their function in erythropoiesis, including a5-integrin, CD11b,
CD16, CD163, CD169, CD206, CSF1R, EPOR, F4/80, Gr1, MerTK, PPARg, and VCAM1

(2–7).
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2 Surface markers of erythroblast
island macrophages

2.1 F4/80

F4/80 is a glycoprotein expressed on the surface of

macrophages, including EIMs, and serves as a general identifier

for macrophage populations. F4/80 is expressed in mouse EIMs but

not in human or rat EIMs (7). In mouse, F4/80 is expressed by EIMs

in mouse bone marrow, fetal liver and spleen with stress

erythropoiesis (2–7). >90% of native EIMs expressed F4/80, which

are CD45+ and almost all of them express Vcam1, CD169, ER-HR3,

Hmox1, Fpn, and Trf. These molecules are essential for cell

adhesion, heme catabolism, iron export, and transport (2, 4, 5, 7).

Depleting F4/80+ macrophages using clodronate liposomes or

other methods impairs erythropoiesis in both steady-state and

stress conditions (2, 8). In hemolytic anemia or myeloablation,

F4/80+ EIMs in the spleen support the proliferation and

differentiation of stress erythroid progenitors (SEPs) (2, 4, 9, 10).

It should be mentioned that F4/80−/− mice are fertile, and F4/80 is

not necessary for the development and distribution of mouse tissue

macrophage populations (11).
2.2 Vascular cell adhesion molecule-1

VCAM-1 is a type I transmembrane glycoprotein expressed on

EIMs. VCAM-1 is expressed in human EIMs and in > 90% mouse

EIMs, but not in rat (7, 12).

VCAM-1 mediates the attachment of erythroblasts to EIMs

through its interaction with the a4b1 integrin on erythroblasts. This
interaction is essential for the formation and maintenance of EBIs,

providing a supportive microenvironment for erythropoiesis (13).

And VCAM-1-deficient mice exhibiting impaired erythropoiesis

(14). Similarly, clodronate administration eliminated F4/80+VCAM1

+ macrophages in the spleen and bone marrow and impaired

erythroid expansion in the spleen as well as RBC and reticulocyte

production in response to EPO supplementation (8). VCAM-1+

macrophages work in concert with BMP4-producing CD169+

splenic macrophages to enhance erythropoietic recovery,

particularly under stress conditions such as hemolytic anemia. This

interaction supports the rapid proliferation and differentiation of

erythroid progenitors (2).
2.3 CD11b (Mac-1, aM integrin)

CD11b is a member of the integrin family of cell adhesion

receptors and plays a significant role in cell adhesion, migration,

and interaction with other cell types. It forms a heterodimer with

CD18 to create the aMb2 integrin (Mac-1), which is expressed on

various immune cells, including macrophages.

Human EIMs express CD11b. Moderate CD11b in mouse fetal

liver EIMs was detected (7), but minute in mouse bone marrow

EIMs (3). Actually, CD11b+ cells participating in BM EBIs are
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maturing granulocytes, which constitute a predominant cell

population in EBIs among erythroblasts and macrophages (3). In

stress erythropoiesis, CD11b+Ly6G+F4/80- granulocytes are found

associated at the periphery of 40%-60% EBIs (15).

Interestingly, in phenylhydrazine(PHZ)-induced stress

erythropoiesis, peripheral monocytes (CD11b+Ly6C+F4/80+)

migrate to mouse spleen and become pre-red pulp macrophage

(pre-RPMs) (CD11b+Ly6C−F4/80+), red pulp macrophage (RPMs)

(CD11bloLy6C−F4/80hi) at last. These monocyte-derived

macrophages expand the murine stress erythropoietic niche

during the recovery from anemia (10).
2.4 CD16 (FcgRIII)

CD16 is a low-affinity Fc receptor for IgG expressed on various

immune cells, including natural killer (NK) cells, macrophages,

neutrophils, and certain subsets of T cells. While CD16 is not

traditionally associated with EIMs, recent studies have suggested its

potential role in immune-mediated regulation of erythropoiesis.

CD16 is only used in human EIMs study, and bone marrow

CD14+CD16+CD163+EPOR+ cells immunophenotypically was

defined as EBI central macrophages. In anemic patients with newly

diagnosed multiple myeloma, CD14+CD16+CD163+EPOR+

macrophages have been reported to be decreased (16). But, the

particular function of CD16 in EIMs is still need to be investigated

in future.
2.5 CD163

CD163 is a scavenger receptor expressed on macrophages,

including EIMs, and plays a significant role in erythropoiesis by

regulating inflammation, clearing hemoglobin-haptoglobin

complexes, and supporting the maturation of erythroblasts.

CD163 is expressed in human, rat (3, 5, 7, 16). Data for CD163

in mouse EIMs is slightly controversial. In Li’s study, ~35% mouse

EIMs expressed CD163 (4), but Seu et al. showed that mouse EIMs

do not express CD163 (3).

In Fabriek’s study, the authors identified a 13–amino acid motif

(CD163p2) in CD163 functioning as a receptor for hemoglobin-

haptoglobin (Hb-Hp) complexes and is believed to contribute to the

clearance of free hemoglobin. The interaction of erythroblasts with

the CD163p2 motif promotes erythroid expansion (17).

Interestingly, glucocorticoids can induce differentiation of

monocytes towards macrophages that share functional and

phenotypical aspects with erythroblastic island macrophages, in

which the expression level of CD16, CD163, CD169, CD206 is

increased (18).
2.6 CD169 (Siglec-1 or Sialoadhesin)

CD169 is a sialic acid-binding immunoglobulin-like lectin

expressed on macrophages, including EIMs. It plays a critical role
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in erythropoiesis by mediating cell-cell interactions and providing a

supportive niche for erythroblast maturation.

CD169 is expressed in human and >90% mice EIMs (7), but not

in mouse fetal liver or in rat EIMs (3). Mouse EIMs usually co-

express CD169 and VCAM1. The depletion of CD169+

macrophages using clodronate leads to a reduction in bone

marrow erythroblasts, yet it does not result in peripheral blood

anemia. Bone marrow and splenic EIMs play a critical role in

recovery from hemolytic anemia and acute blood loss (8).

The CD169-CD43 interaction plays a role in erythroblastic island

formation and erythroid differentiation. In vitro study has shown that

blocking CD169 expression on bone marrow-derived macrophages

disrupts the formation of erythroblastic islands. And CD43, expressed

on erythroblasts, serves as the counter-receptor for CD169 (19).
2.7 CD206

CD206 (also known as the mannose receptor) is a C-type lectin

receptor expressed on macrophages, including EIMs. It plays a

significant role in erythropoiesis by facilitating the recognition and

phagocytosis of pathogens, as well as regulating immune responses

within the erythroblastic island niche.

CD206 was expressed in human EIMs and ~15% mouse EIMs

(7). In human study, glucocorticoid stimulation directs monocyte

differentiation to CD16+CD163+CD169+CXCR4+CD206+

macrophages, which share functional and phenotypical aspects

with EIMs. These macrophages are motile and bind erythroblasts,

which express TAM-receptor family members and phagocytose

pyrenocytes (18). In mouse study, GM-CSF can significantly

decrease the expression of CD206 on EIMs, impairing

erythropoiesis. This indicates that CD206 plays a role in

maintaining the proper function of EIMs and supporting efficient

erythropoiesis (20).
2.8 Colony-stimulating factor 1 receptor,
CD115

CSF1R is a tyrosine kinase receptor expressed on macrophages,

including EIMs. The proliferation, differentiation, and survival of

many tissue-resident macrophages rely on signaling through the

macrophage CSF1R. This includes macrophages within

hematopoietic tissues. In rats, homozygous loss-of-function

mutations in Csf1r lead to a near-complete depletion of tissue-

resident macrophages, which is associated with severe postnatal

growth retardation and osteopetrosis. But no dysregulation of

erythropoiesis or iron homeostasis was observed in CSF1R

knockout rats. Notably, despite the loss of macrophages in the

bone marrow, liver, and spleen, and the altered phenotype of the

remaining macrophages, CSF1R knockout rats exhibited normal

hematological parameters and showed no signs of iron deficiency or

overload. These results suggest that CSF1R-dependent

macrophages are not absolutely required for early-life steady-state

erythropoiesis and iron homeostasis in rats (21).
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2.9 MAEA (erythroblast macrophage
protein)

EMP is a transmembrane protein expressed on both

erythroblasts and EIMs. It plays a crucial role in the regulation of

erythropoiesis by mediating the attachment of erythroblasts to

macrophages and facilitating the enucleation process, which is

essential for the maturation of erythroblasts into red blood cells.

Abnormal EMP expression or function can lead to significant

impairments in erythropoiesis, resulting in anemia. EMP-null mice

exhibit severe anemia due to defective erythroblast enucleation and

impaired erythropoiesis. EMP mutant macrophages were small and

immature and displayed membrane ruffles containing F-actin.

These macrophages fail to establish significant contacts with

erythroblast. And EMP-null macrophages fail to develop the

extensive cytoplasmic projections characteristic of normal EIMs,

suggesting that EMP is required for the proper development and

function of EIMs (22). In addition, EIMs EMP-mediated

association inhibits apoptosis of erythroblasts (23). Furthermore,

EMP expression by EIMs, rather than erythroblasts, is required for

the development of EBIs in the bone marrow (24). Interestingly,

EMP deletion in spleen macrophages did not alter their numbers or

functions (24).
2.10 Erythropoietin receptor

EPOR was expressed in human, mouse and rat EIMs, which

plays a critical role in supporting erythropoiesis by mediating the

effects of Erythropoietin (EPO) (4, 7, 25, 26). EBIs in mouse BM and

fetal liver (FL) were predominantly formed by F4/80+Epor +

macrophages. Human FL EBIs are also formed by EPOR+

macrophages, which co-express high level of Vcam1 and CD169

known to be involved in macrophage-erythroblast interaction and

supporting erythropoiesis (4).

F4/80+Epor-eGFP+ macrophages could be increased under EPO

induced stress erythropoiesis. EPO injection also increases surface

expression of Vcam1 but not CD169 on the F4/80+Epor-eGFP+

macrophages (4). In addition, EPOR activation enhances the

phagocytic activity of EIMs, facilitating the engulfment and

digestion of extruded nuclei from erythroblasts. This process is

crucial for the final stages of erythroblast maturation and

maintaining hematopoietic homeostasis. In similar stress

conditions, such as hemolytic anemia, EPOR signaling in splenic

macrophages promotes the transition of SEPs from proliferation to

differentiation. This function is essential for rapid erythropoietic

recovery (25).
2.11 EKLF/KFL1

EKLF/KLF1 (Erythroid Krüppel-like Factor 1) is a transcription

factor critical for definitive erythropoiesis, traditionally known for

its role in erythroid lineage maturation. However, because of its

essential function in a transient subset of fetal liver (FL)
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macrophages that support erythroblastic island (EBI) formation

and function, we briefly describe the function of EKLF/KLF1 in

EIMs, here.

FL macrophages exhibit a distinct transcriptional profile

compared to adult splenic macrophages or erythroid cells,

marked by EKLF-dependent genes involved in cell adhesion,

vasculature development, and iron metabolism, critical for EBI

niche function.

EKLF directly activates adhesion molecules (e.g., Vcam1 in

macrophages and Icam4 in erythroblasts), facilitating erythroid-

macrophage interactions necessary for EBI integrity. Loss of EKLF

disrupts expression of genes critical for iron homeostasis (e.g.,

Epor), heme synthesis, and cell-cycle regulation, impairing

erythroid maturation and enucleation.

EKLF expression in FL macrophages is transient, peaking at

E12.5–E18.5 in mice, coinciding with definitive erythropoiesis. This

temporal regulation ensures efficient red blood cell production

during embryogenesis.

Single-cell RNA-Seq identifies EKLF+ macrophages as a distinct

subset (clusters 4, 5, 7) with enriched expression of Adra2b, Add2,

and Sptb, which serve as surface markers for isolating these niche-

supportive macrophages. EKLF collaborates with Klf3, E2f1, E2f4,

and Sp4 to form a transcriptional network regulating macrophage

identity and erythroid support (6).
2.12 Gr1 (Ly-6G/Ly-6C)

Gr1 is a cell surface marker commonly used to identify

granulocytes and certain subsets of monocytes/macrophages in mice.

Ly-6G usually was used to gate out granulocytes and it was not

expressed in EIMs (4, 7). Ly-6C was express in ∼69% mouse EIMs

but not in human or rat EIMs (7). Study in Epor-eGFP+ mice showed

∼52% of the F4/80+/Epor-eGFP+ EBI macrophages express Ly-6C.

While Gr1 is not traditionally associated with EIMs, recent

studies have highlighted its potential role in stress erythropoiesis,

particularly under conditions of anemia or myelosuppression (27).

For example, Ly-6C+ monocytes/macrophages are identified as a

subset that can migrate to the spleen and differentiate into

macrophages that form EBIs under stress conditions such as

PHZ-induced hemolytic anemia. These Ly-6C+ monocyte-derived

macrophages express markers associated with EIMs, such as CD169

and VCAM-1, and support the proliferation and differentiation of

stress erythroid progenitors in the spleen (10).
2.13 a5-Integrin

a5-Integrin (also known as the a5b1 integrin complex) is an

essential adhesion molecule expressed on EIMs that plays a critical

role in the formation and function of EBIs, which are specialized

microenvironments for erythropoiesis.

a5-Integrin, in combination with b1 integrin, forms a

heterodimer that acts as a receptor for fibronectin and

vitronectin, facilitating the adhesion of EIMs to the extracellular
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matrix (ECM) within the bone marrow niche. This interaction is

essential for the stability and structural integrity of EBIs (5, 28). a5-
Integrin likely functions in concert with other adhesion molecules

expressed on EIMs, such as VCAM-1 and CD169, to maintain the

structural and functional integrity of EBIs. These molecules form a

complex adhesion network that ensures the close and stable

interaction between EIMs and erythroblasts (13), which could be

inhibited by peptides that block adhesion of ICAM-4 to aV

integrins (5, 13). But, interestingly, deficiency of both a4 and a5
integrins in macrophages does not negatively influence stress

erythropoiesis (29).
2.14 Peroxisome proliferator-activated
receptor gamma

PPARg is a nuclear receptor that plays a significant role in the

function of EIMs PPARg is involved in regulating macrophage

polarization, phagocytosis, and the maintenance of erythropoietic

homeostasis (30).

PAR2 deficiency causes a partially penetrant severe embryonic

anemia. Erythroblastic island sizes and frequency of F4/80+

macrophages in fetal liver of PAR2−/− embryos were markedly

reduced compared with PAR2+/− embryos. (30). Expression of

EpoR was also reduced in PAR2−/− embryos relative to PAR2+/−

embryos, but not changed in KLF-1 expression. Furthermore, tissue

specific analysis shows fetal livers from macrophage PAR2-deficient

mice also exhibited smaller erythroblastic islands. But Macrophage

PAR2 is dispensable for steady-state postnatal erythropoiesis and

hemolytic stress in adult animals (30).

Saffarzadeh et al. found similar result that the absence of PPARg
affects neonatal development and VCAM-1 expression of splenic

iron-recycling red pulp macrophages (RPMs) and bone marrow

erythroblastic island macrophages (EIMs). PPARg and Spi-C

collaborate in inducing transcriptional changes, including

VCAM-1 and integrin aD expression (31).

EPO administration increases the phagocytic activity of

peritoneal and splenic macrophages by upregulating PPARg
expression. Dying cell-released S1P activates macrophage EPO

signaling, and promotes apoptotic cell clearance and immune

tolerance (32). And PPARg-dependent repression of Wnt

signaling via prostaglandin production is critical for this

process (25).
2.15 Mer tyrosine kinase

MerTK is a receptor tyrosine kinase expressed on EIMs that plays

a critical role in the phagocytosis of extruded erythroblast nuclei and

the maintenance of erythropoietic homeostasis (33). MerTK is

expressed in human and >90% mouse EIMs (7). Dysfunction of

MerTK leads to impaired erythropoiesis, characterized by the

accumulation of nucleated erythrocytes and severe anemia (34).

F4/80+Epor-eGFP+ EIMs express MerTK and Timd4, which

are required for nucleus engulfment (4). The pyrenocytes were
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engulfed by EIMs via a MerTK-protein S-dependent mechanism.

Protein S appeared to function as a bridge between the pyrenocytes

and macrophages by binding to PtdSer on the pyrenocytes and

MerTK on the macrophages (35). This coordinated action ensures

the efficient clearance of cellular debris and maintains

hematopoietic homeostasis (36).
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During stress erythropoiesis condition, such as hemolytic

anemia, MerTK expression in EIMs is upregulated to enhance the

phagocytic capacity, supporting the increased demand for

erythropoiesis (4). Interestingly, GM-CSF treatment leads to

decreased expression of Mertk, Axl, and Timd4 on mouse BM

EBI macrophages as well as phagocytosis of senescent RBCs (20).
TABLE 1 Available monoclonal antibodies used in flow cytometric study of erythroblast island macrophage. Selection is based on molecules
described in the text.

Antibody Species reactivity Clone Name Reference Supplier

a5-integrin Mouse N.A. (5) BioLegend

CD11b (Mac-1) Mouse M1/70 (9, 37–40) BioLegend

Mouse M1/70 (2, 4, 31, 41–43) eBioscience

Mouse M1/70 (4, 9, 10, 20, 26) BD Bioscience

CD16 Human N.A. (16) Thermo Fisher

CD45 Mouse 30-F11 (31, 37, 38) BioLegend

Mouse 30-F11 (2, 30, 44, 45) eBioscience

Mouse 30-F11 (4, 26, 42) BD Bioscience

Mouse RA3-6B2 (20) BioLegend

Human N.A. (16) Thermo Fisher

Human HI30 (46) BD Bioscience

CD163 Mouse GHI/61 (44, 47) BioLegend

Mouse TNKUPJ (4, 20) eBioscience

Human N.A. (16) eBioscience

Human GHI/61 (45) BioLegend

Human GHI/61 (2, 4) eBioscience

Human GHI/61 (4) Invitrogen

CD169 (Siglec-1) Mouse 7-239 (44, 47) BioLegend,

Mouse 3D6.112 (4, 9, 10, 20, 40, 48) BioLegend

mouse SER-4 (4) eBioscience

Mouse REA197 (49) Miltenyi Biotec

Human 7-239 (2, 45) BioLegend

Human 7-239 (4) eBioscience

Human 7-239 (4) BD Bioscience

CD206 Mouse C068C2 (20) Biolegend

Human N.A. (18) BD Biosciences

Human 15-2 (47) Biolegend

CSF1R (CD115) Mouse AFS98 (30) BioLegend

Mouse AFS98 (2, 43) eBioscience

EPOR Human N.A. (16) R&D

Human 38409 (4) R&D

(Continued)
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TABLE 1 Continued

Antibody Species reactivity Clone Name Reference Supplier

ERH3R Mouse ER-HR3 (4, 49) NOVUS Biologicals

F4/80 Mouse BM8 (5, 10, 30, 31, 37, 40, 43) BioLegend

Mouse BM8 (41, 49) eBioscience

Mouse BM8 (39) Stem Cell Technologies

Mouse CI:A3.1 (2) AbD Serotec

Mouse T45-2342 (20) Biolegend

Mouse QA17A29 (10) Biolegend

Mouse T45-2342 (4, 26) BD Bioscience

GPA Human GA-R2 (HIR2) (4) BD Bioscience

Gr1 (Ly-6C, Ly-6G) Mouse RB6-8C5 (2, 30, 41, 43) eBioscience

Mouse RB6-8C5 (4, 26) BD Bioscience

Mouse 1A8 (40, 42, 49) Biolegend

Mouse 1A8 (4, 26) BD Bioscience

Mouse HK1.4 (31) Biolegend

Mouse HK1.4 (4) eBioscience

Mouse AL-21 (9, 10) BD Bioscience

MerTK Mouse N.A. (35) R&D Systems

PPARg Mouse 81B8 (31) Cell Signaling Technology

TLR4 Mouse MTS510 (40) BioLegend

VCAM1 (CD106) Mouse MVCAM.A(429) (4, 9, 10, 20, 38, 40, 42, 49) BioLegend

Mouse MVCAM.A(429) (2, 18, 30, 31) eBioscience

Mouse MVCAM.A(429) (4, 10) BD Bioscience

Human STA (2) BioLegend
F
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CD, Cluster of differentiation. N.A., Not available.
TABLE 2 Erythroblast island Macrophage subsets.

Location Phenotype Comments Ref.

Mouse BM VCAM-
1+ICAM-1+CD44+

Erythroid-cell-VLA-4 and EBI-macrophage-VCAM-1 interaction plays a crucial role in the formation of EBIs. But,
CD44 is not required for this interaction.

(13), 1995

Mouse BM,
FL, and SP

F4/
80+VCAM-
1+CD169+

EBI macrophages are a homogeneous population, and BM, FL and spleen EIMs show different expression level of
F4/80, CD169 and VCAM-1. CD11b is not expressed on the EIMs.

(3), 2017

Human BM CD15−CD163+

CD169+ VCAM1+
Depletion of CD169+ macrophages markedly reduced erythroblasts in the BM. (2), 2013

Mouse BM F4/
80+VCAM-
1+CD169+

EBI central macrophages do express F4/80, VCAM-1, and CD169, but not CD11b or Ly6G, and that
CD11b+Ly6G+F4/80- granulocytes are found associated at the periphery of 40%-60% EBIs.

(15),2020

Mouse FL F4/80+EKLF/GFP+ EKLF is critical for erythropoiesis. And EKLF regulates EIMs gene expression in FL macrophages, such as VCAM-1
and EPOR.

(6), 2021

Mouse BM,
and FL

F4/80+Epor+ Vcam1, CD169, Mertk, and Dnase2a was highly expressed by EBI macrophage, gene expression profiles of which
suggest a specialized function in supporting erythropoiesis.

(4), 2019

(Continued)
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2.16 T-cell immunoglobulin and mucin
domain-containing protein 4

Timd4 is a receptor expressed on macrophages, including EIMs,

and plays a crucial role in the clearance of extruded erythroblast

nuclei and the maintenance of erythropoietic homeostasis.Timd4 is

expressed in human EIMs and >90% mouse EIMs (7).

Timd4 is involved in the recognition and engulfment of

extruded erythroblast nuclei, which are expelled during the

enucleation process of erythroblast maturation. These nuclei

expose phosphatidylserine on their surface, which serves as an

“eat me” signal recognized by Timd4 (4, 34). Efficient clearance of

extruded nuclei by Timd4+ macrophages prevents the

accumulation of cellular debris and the release of inflammatory

signals, which could disrupt erythropoietic homeostasis (34).

EPO signaling can upregulate Timd4 expression on EIMs,

enhancing their capacity to support erythropoiesis by promoting

the clearance of extruded nuclei and maintaining a supportive

microenvironment for erythroblast development (4). In contrast,

GM-CSF treatment leads to decreased expression of Timd4, Mertk,

and Axl on mouse BM EBI macrophages as well as phagocytosis of

senescent RBCs (20).
3 Summary of surface marker
combinations for EIMs in flow
cytometry

Below is a comparison of commonly used marker combinations

for identifying EIMs, highlighting their applications, advantages,

limitations, and supporting references:
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3.1 General considerations
• Species differences: Mouse markers (e.g., F4/80, Gr1) lack

direct human homologs; human studies rely on CD163,

CD169, and VCAM1.

• Functional vs. phenotypic markers:
◦ Adhesion molecules (VCAM-1, CD169, a5-Integrin,
EMP) define structural niches.

◦ Functional markers (Epor, MerTK, EMP, Timd4,

PPARg) link to, stress anemia, erythroblast

maturation, iron recycling, nuclear extrusion

or phagocytosis.
• Multiparametric panels: Combining ≥3 markers improves

specificity but increases technical challenges.
3.2 Recommendations
• Steady-state erythropoiesis: Use F4/80+VCAM-1+CD169

+ (mouse) or CD15−CD163+CD169+ (human).

• Stress conditions: Prioritize Ly-6C+F4/80+VCAM-1+ or

F4/80+Epor+.

• Functional studies: Include MerTK, Timd4, or PPARg to

assess phagocytosis or metabolic roles.
3.2.1 F4/80+VCAM-1+CD169+

• Species/organ: Mouse BM, FL, and spleen.

• Function: Standard for identifying EIMs; CD169 and

VCAM-1 mediate erythroblast adhesion.
TABLE 2 Continued

Location Phenotype Comments Ref.

Mouse BM,
and FL

F4/80+Epor+ Epor is expressed on EBI macrophages and EpoR-tdTomato-Cre mouse line provides a powerful tool for
identification of EBI macrophages.

(26), 2021

Mouse BM F4/80+Stat5+ Epo promotes rapid proliferation of Immature SEPs from proliferation to differentiation by acting on macrophages
to produce prostaglandin and activate PPARg-dependent repression of Wnt expression.

(25), 2020

Mouse BM Gr1+F4/80+

VCAM-1+MAEA+
Maea (EMP) contributes to adult BM erythropoiesis by regulating the maintenance of bone marrow macrophages. (24), 2019

Rat SP CD34+CD163+ EIMs surface glycoprotein CD163 is an erythroblast adhesion receptor and regulates erythroid expansion. (17), 2007

Mouse BM F4/
80+VCAM-
1+CD169+

Mitochondria transfer mediates stress erythropoiesis by altering EIMs Sirpa and erythroid-cell-CD47 interaction. (48), 2022

Mouse BM F4/
80+CD11b+CD169+

EBI Macrophage-CD169 and erythroid-cell-CD43 interaction is involved in erythroblastic island formation and
erythroid differentiation.

(19), 2023

Mouse BM F4/80+M-
CSFR-GFP+CD51+

EBI Macrophage-a5-integrin (CD51) and erythroid-cell-ICAM1 interaction is involved in erythroblastic island
formation and erythroid differentiation.

(5), 2006

Mouse SP F4/
80+VCAM-
1+MerTK+

EBI macrophages engulf pyrenocytes through MerTK-mediated molecular pathway. (35), 2014
fr
BM, bone marrow; FL, fetal liver; EBIs, erythroblastic islands; EIMs, Erythroblastic island macrophages; EPO, erythropoietin; SEPs, stress erythroid progenitors; SP, spleen.
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◦ Advantages: High specificity for EIMs in steady-state

erythropoiesis. Widely validated across tissues.

◦ Limitations: Heterogeneity in CD169 expression

(e.g., absent in FL macrophages) (3, 4, 15).
3.2.2 CD15−CD163+CD169+VCAM1+

• Species/organ: Human BM.

• Function : Deple t ion of CD169+ macrophages

reduces erythroblasts.
◦ Advantages: Human-specific markers distinguish

EIMs from other myeloid cells (CD15 exclusion).

◦ Limitations: Requires multiple markers, increasing

complexity. Limited data on functional heterogeneity (2).
3.2.3 F4/80+Epor+

• Species/organ: Mouse BM and FL.

• Function: Identifies EIMs with specialized roles in iron

recycling and phagocytosis.
◦ Advantages: Links EIMs to EPO signaling and stress

erythropoiesis. High functional specificity (e.g.,

Hmox1, MerTK expression).
• Limitations:
◦ Epor expression may vary under stress or disease.

Requires transgenic models (e.g., EpoR-tdTomato-

Cre mice) for validation (4, 26).
3.2.4 Gr-1(Ly-6C)+F4/80+VCAM-1+EMP+

• Species/organ: Mouse spleen during stress erythropoiesis.

• Function : Marks monocyte-derived macrophages

supporting stress erythroid progenitors.
◦ Advantages: Critical for studying stress erythropoiesis

(e.g., anemia). Combines Gr1 (Ly6C/Ly6G) with

adhesion molecules.

◦ Limitations: Ly-6G+ cells also include granulocytes.

Gr1+ macrophages are transient and context-

dependent. Ly-6G+ cells overlap with granulocyte

markers complicates analysis, and Ly-6C should be
used instead (24).
3.2.5 F4/80+CD11b+CD169+

• Species/organ: Mouse BM.
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• Function: Highlights CD169-CD43 interaction in

EBI formation.
◦ Advantages: Useful for studying erythroblast-

macrophage adhesion.

◦ Limitations: CD11b+ granulocytes are peripherally

associated with EBIs, requiring careful gating (19).
For detailed protocols, refer to Tables 1, 2 for references,

antibody clones and suppliers.
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