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The spleen has the primary function of filtering our blood, clearing it from pathogens 
through immune cells of the white pulps, and removing senescent red blood cells 
(RBCs) through reticuloendothelial macrophages of the red pulp.1 The erythrocytic 
lifecycle is a highly regulated process whereby erythrocytes are produced in the bone 

marrow and live in the circulation for an average of 120 days before being removed by splenic 
red pulp macrophages and, to some extent, hepatic Kupffer macrophages. While recent discov-
eries have shown how loss of deformability as well as surface molecules contribute to senescent 
erythrocyte retention in the spleen, questions remain about how cell recognition by red pulp 
macrophages and subsequent erythrophagocytosis occur.

Specifically, the inability to reproduce the in vivo erythrophagocytic process by cultured 
macrophages indicates that the underlying mechanism is complex, likely requires features that 
cannot be fully recapitulated in vitro (eg, splenic architecture) and goes beyond the simple inter-
action of macrophages with senescent RBCs. The recent study by Klei et al2 attempts to solve the 
issue by investigating the role of red pulp macrophages on erythrocytic turnover. The authors 
uncovered the unique role of splenic architecture and fluid dynamics in the retention of senes-
cent RBCs and their removal by macrophages through the intermediated hemolytic formation 
of erythrocytic ghosts.

The isolation of human red pulp macrophages revealed that while only the 3% of macro-
phages were actively digesting senescent erythrocytes, a proportion of engulfed erythrocytes 
appeared as ghosts devoid of hemoglobin. Ghost formation in vivo indicates that erythrocytes 
are prone to hemolysis within the spleen and, due to the faster rate of ghost degradation com-
pared to intact RBCs (3 versus 24 h), likely explains the low frequency of erythrophagocyto-
sis observed in ex vivo macrophages.3,4 In vivo experiments with transfused aged erythrocytes 
showed that in the spleen an abundant amount of ghosts are generated, which maintain at flow 
cytometry a specific membrane staining (PKH26 dye) but lose the intracellular staining (calcein) 
consequent to hemolysis.2 The decrease in splenic and hepatic plasma levels of haptoglobin and 
hemopexin compared with circulating plasma levels suggests an active local consumption of 
the hemoglobin (Hb) and heme scavengers occurring upon senescent RBC hemolysis and ghost 
formation.2 The preference of red pulp macrophages for ghosts was confirmed in vitro, where 
erythrocyte ghosts were readily picked up and quickly digested by red pulp macrophages com-
pared with intact senescent RBCs.2,5

Finally, Klei et al2 demonstrated the critical role of the spleen architecture in the retention of 
senescent RBCs, ghost generation, and macrophage-mediated clearance. The authors hypoth-
esized that the interplay of splenic architecture, adhesion molecule-mediated trapping of aged 
erythrocytes, and shear stress resulted in hemolysis, thereby inducing ghost formation. Taking 
advantage of an in vitro system where fresh, aged, and spleen-derived erythrocytes were flown 
over a surface coated with extracellular matrix components as laminin-α5 and hyaluronic acid, 
they showed a specific retention of both aged and spleen-derived but not fresh erythrocytes. 
The interaction between the adhesion molecule Lutheran blood group and basal cell adhesion 
molecule on the surface of senescent RBCs and its ligand laminin-α5 abundant in the matrix of 
splenic red pulp sinuses is responsible for senescent erythrocyte trapping in the splenic micro-
environment, and the combination of prolonged matrix adhesion and low shear stress exposure 
ultimately triggers aged RBC shrinkage and hemolysis with ghost formation.2

In vivo, the complexity of the architecture becomes clear. While discontinuous vascular endo-
thelial (VE)-Cadherin expression in the red pulp selectively allows deformable healthy RBCs to 
pass through splenic endothelial fenestrae, elevated laminin levels wrapping red pulp sinuses in 
a web-like structure allows for specific capturing of senescent erythrocytes.2

Overall, the findings from this provocative study demonstrate a novel mechanism of macro-
phage-mediated removal of senescent erythrocytes through the formation of intermediate ghosts 
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via hemolysis and highlight how the complex evolution of the 
splenic architecture is as important as the biomolecular inter-
actions in erythrocyte turnover (Figure 1). Without the unique 
filtration design created by reduced VE-Cadherin and increased 
laminin-α5 in red pulp sinuses, which allows to selectively retain 
rigid senescent RBCs, while releasing deformable younger eryth-
rocytes, the spleen would be unable to efficiently recognize and 
remove aged erythrocytes (Figure 1).

Importantly, the novel mechanism here proposed is ground-
breaking and radically changes our current knowledge of the 
erythrophagocytic process as well as reshapes our understand-
ing of iron recycling. Scavenging of hemoglobin and heme 
released from hemolytic senescent RBCs rather than from mac-
rophage erythrophagolysosomes appears as the preferred and 
likely more efficient iron recycling mechanism. The elevated 
concentration of haptoglobin and hemopexin under physiologic 
conditions would be more than sufficient to sustain an effective 
iron recycling capacity and promote controlled scavenger-medi-
ated Hb/heme uptake by macrophages.6,7 While facilitating iron 
internalization and reutilization, regulated heme uptake likely 
prevents free heme-induced cell death, reactive oxygen species 
formation, and inflammatory skewing of macrophages.8 These 
observations unravel the physiologic importance of the Hb/
heme scavenging system during steady-state hemolysis, beyond 
its well-recognized relevance in pathologic conditions where 
hemolysis is accelerated (eg, sickle cell disease, thalassemia).6-8 
Finally, these findings reconcile the discrepancies between in 

vivo and in vitro studies and explain the lack of erythrophago-
cytosis by cultured macrophages in vitro, where aspects of the 
splenic microenvironment cannot be reproduced.5 The identi-
fication of the splenic architecture as key driver of senescent 
erythrocyte hemolysis and ghost remnant recognition by macro-
phages will now pave the way to the design of novel and refined 
in vitro systems for the study of erythrophagocytosis and open 
up new directions for a better understanding of this process in 
pathophysiologic conditions.
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Figure 1.  Novel model of erythrophagocytosis. Upon entry in the spleen, erythrocytes flow through red pulp sinuses (1). The splenic architecture allows 
deformable healthy RBCs to pass through the web-like structure of red pulp sinuses and selectively retains senescent RBCs (2). While young RBCs leave 
the spleen and re-enter circulation (3), aged RBCs are captured through the interaction of laminin-α5 on the extracellular matrix with Lu/BCAM on aged RBC 
membrane and undergo shear stress-induced shrinkage and hemolysis (4). Red pulp macrophages phagocytize ghost remnants of aged RBCs, while Hb 
and heme content released in the extracellular space is scavenged by haptoglobin and hemopexin that facilitate macrophage-mediated iron recycling through 
receptor-mediated endocytosis (5). Hb = hemoglobin; Lu/BCAM = Lutheran blood group and basal cell adhesion molecule; RBC = red blood cell.
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