
















A

B C

D

Figure 3 | The central macrophage in erythroblastic islands (EBIs) is not CD11b+; however, other CD11b+ cells may participate in the EBI structure. (A) Mouse 
bone marrow EBIs stained with fluorescently conjugated antibodies against CD71, CD11b, and F4/80 and analyzed by imaging flow cytometry (IFC) indicate that 
CD11b positivity in EBIs is due to CD11b+ cells peripherally attached to the EBI macrophage and/or the erythroblasts; the central macrophage is not CD11b+. 
(B) A representative EBI imaged by immunofluorescence microscopy also showing that the F4/80+ central macrophage is not stained by anti-CD11b, while a cell 
attached to the macrophage and another one in close proximity are CD11b+. (C) Another example showing that F4/80+ cells in mouse bone clusters are not 
CD11b-bright, in contrast to adjacent cells that have a clear membranous stain for CD11b. (D) IFC analysis of mouse bone marrow EBIs, stained for F4/80, CD71, 
and CD11b indicates that CD11b+ cells are a consistent component of the EBI.
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reported to lack CD169 (19, 28) so we restricted our analysis to  
the widely used (at least for flow cytometry) 3D6.112 clone. 
Though some EBI macrophages with clear CD169 staining were 
observed, many had little or no CD169 detectable (Figure 5A). 
Moreover, when CD169 was detectable on the EBI macrophages, 
the pattern was irregular rather than continuous membranous 
staining and, therefore, difficult to compare with the F4/80 sig-
nal. In order to compare the intermittent CD169 staining with 
the F4/80 expression on the central macrophage, a threshold 

mean pixel intensity was set to determine CD169 positivity and 
the similarity feature, a modification of Pearson’s correlation 
coefficient, was used to objectively determine if the CD169 
staining was consistent with the F4/80. At least 90% of F4/80+ 
EBI macrophages were positive by this measure and the mean 
similarity score indicated that the staining, although heterogene-
ous, is more similar to F4/80 than not. For reference, this can be 
compared to the high similarity of VCAM-1 to F4/80, in contrast 
to CD11b and F4/80, which are not co-expressed (Figure 5B).
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Figure 4 | Central macrophages are VCAM-1+. (A) All of the erythroblastic island (EBI) macrophages in the mouse bone marrow are positive for vascular cell 
adhesion molecule-1 (VCAM-1) (top), while there are a few additional clusters of erythroblasts surrounding VCAM-1+;F4/80lo macrophages (bottom). (B) Similarly, in 
the mouse fetal liver EBIs, all F4/80+ central macrophages are also VCAM-1+ (top). However, the clusters containing CD71+ erythroblasts around a central VCAM-1+ 
cell with low or intermediate F4/80 staining in the fetal liver are much more frequent than in the bone marrow (bottom). (C) CD71+ clusters with VCAM-1+;F4/80lo 
macrophages are significantly increased in the fetal liver (74 ± 6%) compared to steady-state bone marrow (10 ± 2%). A smaller but significant increase is seen in 
the spleen (30 ± 2%) and bone marrow (39 ± 8%) after induction of stress. Data shown are mean ± SE, *p ≤ 0.05, **p ≤ 0.001.
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CD163 in Rat BM EBI Macrophages
Erythroblastic islands were originally described in rat BM. 
We tested our method and IFC analysis strategy to prepare 
and visualize EBIs from BM isolated from Sprague-Dawley 
rats (Figure  6A). The central macrophage was consistently 
positive for CD163; CD169 was not detectable with clone ED3 
(Figures 6B,C). Although the EBIs were enriched (20–44%) in 
the cell clusters within the CD71/CD163 double positive gate 

(Figure 6A), we could also identify clusters without the classic 
appearance of an island (Figure  6D) that had to be manually 
excluded for further analysis. CD163 has been identified as a 
membrane protein on rat and human BM macrophages and has 
been shown to function as an adhesion receptor for erythroblasts 
as well as a scavenger for hemoglobin–haptoglobin (Hb–Hp) 
complexes, contributing to the clearance of free hemoglobin 
(20). Interestingly, CD163 was not significantly detectable on 
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