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Abstract

Selenium (Se) is incorporated as the 21st amino acid selenocysteine (Sec) into the growing 

polypeptide chain of proteins involved in redox gatekeeper functions. Erythropoiesis presents a 

particular problem to redox regulation as the presence of iron, heme, and unpaired globin chains 

lead to high levels of free radical-mediated oxidative stress, which are detrimental to erythroid 

development and can lead to anemia. Under homeostatic conditions, bone marrow erythropoiesis 

produces sufficient erythrocytes to maintain homeostasis. In contrast, anemic stress induces an 

alternative pathway, stress erythropoiesis, which rapidly produces new erythrocytes at 

extramedullary sites, such as spleen, to alleviate anemia. Previous studies suggest that dietary Se 

protects erythrocytes from such oxidative damage and the absence of selenoproteins causes 

hemolysis of erythrocytes due to oxidative stress. Furthermore, Se deficiency or lack of 

selenoproteins severely impairs stress erythropoiesis exacerbating the anemia in rodent models and 

human patients. Interestingly, erythroid progenitors develop in close proximity with macrophages 

in structures referred to as erythroblastic islands (EBIs), where macrophage expression of 

selenoproteins appears to be critical for the expression of heme transporters to facilitate export of 

heme from macrophage stores to the developing erythroid cells. Here we review the role of Se and 

selenoproteins in the intrinsic development of erythroid cells in addition to their role in the 

development of the erythropoietic niche that supports the functional role of EBIs in erythroid 

expansion and maturation in the spleen during the recovery from anemia.

Introduction

Selenium (Se) exerts a wide range of pleiotropic effects in human health via incorporation 

into biologically functional selenoproteins as the 21st amino acid, selenocysteine (Sec). 

Twenty five selenoprotein genes have been discovered in human (twenty four in rodents) 
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that partake a key role in redox homeostasis[1]. Other physiological functions range from 

mediating thyroid hormone production, benefiting cardiovascular health, to broader anti-

inflammatory activities[2–7]. Insufficiency of Se and selenoproteins contributes to many 

pathophysiological conditions, including cardiomyopathy (Keshan disease), arthritis 

(Kashin-Beck disease) and defects in the immune response to viral infection[3, 4, 8, 9]. 

Groups that are at risk from Se inadequacy include people living in regions with endemically 

low levels of Se as well as those with single nucleotide polymorphisms in selenoproteins and 

related genes that affect selenoprotein synthesis[3, 4]. The role of Se and selenoproteins in 

various tissues and physical conditions have been well described in the past decade and 

reviewed elsewhere[1–4, 10–17].

The beneficial biochemical role of Se in erythrocytes was first defined in 1973 in the form of 

selenoenzyme glutathione peroxidases (Gpxs) that highlighted the important role of dietary 

Se, which contributed, in part, to cellular stabilization[18]. In the recent years, Se deficiency 

has been linked to anemia associated with aging and chronic inflammatory diseases in 

humans[19–22]. In addition, rodent dietary models and transgenic models have been 

developed to demonstrate the direct biological functions of Se and selenoproteins to 

erythrocytes and erythropoiesis in mammalian systems[23–27]. Se and selenoproteins have 

emerged to be crucial and beneficial to erythroid cells and erythropoiesis, where they are 

intricately involved in multiple ways. This review summarizes current perspectives on the 

contributions of Se and selenoproteins to erythroid cells and erythropoiesis.

Erythropoiesis

Erythrocytes are oxygen carriers that maintain normal tissue oxygenation. Erythropoiesis is 

the process by which new erythrocytes are generated and its regulation is intimately tied to 

tissue oxygen needs. Erythropoiesis can be divided into steady state erythropoiesis and stress 

erythropoiesis. Steady state erythropoiesis occurs primarily in the bone marrow and 

maintains erythroid homeostasis, resulting in erythrocyte generation at a rate of 1011 cells/

day. It utilizes progenitors that are derived from common myeloid progenitors (CMPs) and 

megakaryocyte erythroid progenitors (MEPs) that are originally derived from hematopoietic 

stem cells (HSCs) in the bone marrow. However, under stress conditions, hypoxic response 

can increase the rate of erythrocyte production by ~10-fold. Stress erythropoiesis, which is 

extramedullary, has the capability to rapidly generate large numbers of erythrocytes in 

response to anemic stress, relying on stress erythroid progenitors (SEPs) that are derived 

directly from short-term reconstituting hematopoietic stem cells (ST-HSCs). The major 

difference between steady state and stress erythropoiesis is in the early stage, where they 

utilize distinct progenitors and response to unique signals[28–31]. Along with stem cell 

factor, stress erythropoiesis utilizes specific signals, including growth and differentiation 

factor 15 (Gdf15), bone morphogenetic protein 4 (Bmp4), and hedgehog (Hh), which do not 

regulate steady state erythropoiesis, to promote the rapid expansion of early SEPs[32–38].

As shown in Figure 1, the terminal differentiation of erythroid cells is hierarchical [28, 29], 

which are derived from erythroid lineage restricted progenitors, including erythroid burst-

forming units (BFU-Es) and erythroid colony-forming units (CFU-Es). BFU-Es and CFU-Es 

are stages of pre-erythroblasts, and are characterized by their capability to form erythroid 
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colonies in vitro, which is a quantitative reflection of erythroid progenitors (Figure 1). These 

processes are regulated by erythropoietin (Epo), the master regulator of erythropoiesis[39]. 

Erythroblast precursors include proerythroblasts (ProEs), basophilic (BasoE), 

polychromatophilic (PolyE), and orthochromatic (OrthoE) erythroblasts. They are 

morphologically identifiable and are characterized by the accumulation of hemoglobin (Hb), 

shrinkage in cell size, nuclear condensation, and reduced cellular mRNA. In addition, 

erythroblast terminal differentiation undergoes immunophenotypic alteration, as they 

downregulate the cell surface expression of transferrin receptor (CD71) and increase 

glycophorin A associated antigen (Ter119) expression. The final step is enucleation that 

leads to the formation of mature erythrocytes, which are then released into the blood stream. 

Erythropoiesis is Epo dependent and is also under the complex control of GATA binding 

factor-1 (GATA-1), the master erythroid transcription factor[40]. Defective erythropoiesis 

leads to anemia and serial pathophysiological issues, where in addition to genetic inherited 

pathologies, redox imbalance in erythrocyte precursors could further add insult to the injury.

Susceptibility of erythroid cells and erythropoiesis to oxidative damage

Reactive oxygen species (ROS), including superoxide anion (O2
·−), hydrogen peroxide 

(H2O2), and hydroxyl radical (HO•), are natural byproducts of cellular metabolism. ROS 

have dual roles- beneficial in cell signaling such as cell proliferation and differentiation, or 

deleterious in causing damage to cells when their production is uncontrolled. Oxidative 

stress occurs when excess ROS accumulate due to ineffective cellular antioxidant capacity 

leading to dysregulated redox status causing damage to cell lipids, proteins, and DNA, 

which can be irreversible, as seen atherosclerosis, diabetes, cancer, neurodegeneration, and 

aging[41–44].

Erythrocytes and erythroid precursors are continuously exposed to oxidative stress, 

particularly during erythrocyte turnover. Erythropoiesis is a hierarchical process, where Hb 

synthesis and accumulation characterize erythrocyte maturation. Hb constantly carries and 

transports oxygen, maintaining normal tissue oxygenation. The assembling process of Hb 

can potentially generate excessive ROS if dysregulated, resulting in cellular oxidative 

stress[45]. Hemoglobin A (HbA) is a tetramer, comprising two α and β globin subunits, 

each bound to a heme moiety. Free α globin is structurally unstable, highly sensitive to 

oxidative stress, and tends to denature, which potentially produces damaging ROS via 

reactions catalyzed by the heme-bound iron[46, 47]. Unbound α globin aggregates on 

erythrocyte membrane to form Heinz bodies and eventually causes hemolysis due to 

membrane destruction and overexposure to oxidative stress[48, 49]. In erythroid cells, 

molecular chaperones sequester free α globin, preventing cytotoxic precipitation[48]. Alpha 

hemoglobin stabilizing protein (Ahsp) is an α globin chaperone protein, whose expression is 

induced by GATA-1[46, 47]. In Ahsp knockout mice, erythrocytes are short-lived, 

accompanied by Hb precipitates, and increased ROS, due to excess of free α globin. 

Erythroid precursors exhibit hyperplasia, but increased apoptosis[46, 47]. In β-thalassemia 

erythrocytes, α globin is expressed in excess over β globin due to genetically reduced 

production of β globin. As a result, the intracellular ROS is significantly increased by 

exacerbated autoxidation of α globin leading to increased membrane-bound globin and 
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consequent perturbation of erythrocyte structure[49, 50]. Absence of Ahsp further 

exacerbates the phenotype of β-thalassemia[50–52].

The properties of erythroid cells make erythropoiesis and its regulation particularly sensitive 

to changes in redox status. Extensive studies have shown the profound influence of oxidative 

status on steady state and stress erythropoiesis, and are well-reviewed elsewhere[45, 50, 53–

61]. In healthy individuals, erythroid cells contain a pool of antioxidant enzymes, including 

membrane oxidoreductases, superoxide dismutases, and catalase; antioxidant scavengers, 

such as glutaredoxins (Grxs), thioredoxins (Txns), and peroxiredoxins (Prxs); and 

transcription factors that regulate antioxidant genes including nuclear factor erythroid–

derived 2 p45 unit (P45NF-E2), NF-E2-related factor (Nrf2), and forkhead box transcription 

factor O (FoxO) family, to control cellular redox balance, and protect the cells against pro-

oxidant damage. Mice with deficiencies or deletion of these redox regulatory molecules 

exhibit pathological signs in erythrocytes and erythropoiesis, including embryonic lethality 

due to impaired fetal erythropoiesis as well as anemia in adulthood, accumulation of Heinz 

bodies, instability of Hb, and correspondingly increased ROS. These observations suggest 

that redox homeostasis occupies a pivotal role in erythropoiesis, where exacerbated ROS 

leads to pathological impairments in erythrocytes. In addition to the intrinsic sensitivity of 

erythrocytes to oxidative stress, pathological erythropoiesis sometimes occurs in cancer and 

chronic inflammatory diseases, in part, from reduced levels of Epo, or abnormal response of 

erythroid cells to Epo due to increased proinflammatory cytokines, which are also associated 

with accumulation of ROS[62–65].

Protective effects of Se and selenoproteins on erythroid cells

As efficient ROS scavengers, the role of selenoproteins in maintaining redox homeostasis in 

erythrocytes and erythropoiesis is expected to be critical. In fact, Se appears to play a 

significant role in pathological erythropoiesis. Long-term Se deficiency in rats was not 

associated with anemia; however, in a case of pathological erythropoiesis induced by 

methimazole, dietary Se supplementation showed protective properties[23]. Pregnant rats 

and their pups exhibited symptoms of anemia post methimazole challenge, and displayed 

signs of increased oxidative stress associated with low activities of antioxidant enzymes and 

scavengers. The symptoms were alleviated by dietary Se supplementation (0.5mg/kg of diet) 

in the form of sodium selenite[24, 25]. Thus, it appears that Se functions in a protective role 

and potentially serves as a primary antioxidant during erythropoiesis in rodents.

Recent studies have documented a more detailed mechanistic description underlying the 

protective effect of Se and selenoproteins. Kawatani et al.[27] elegantly demonstrated the 

primary role of selenoproteins and Nrf2 in regulating erythropoiesis utilizing a transgenic 

mouse model where the tRNA[Ser]Sec (Trsp) gene, which controls the selenoprotein 

synthesis, was deleted. Selenoprotein knockout mice (Trspfl/del:Mx1-Cre) developed anemia, 

and presented with decreased hematocrit, reduced serum Hb content, and increased mean 

corpuscular volume, which are all pathological signs of defective erythropoiesis. In addition, 

immature and damaged erythrocytes were found in the periphery and bone marrow of the 

knockout mice. Importantly, genes associated with oxidative stress were upregulated. These 

data provide strong support to the importance of selenoproteins in maintaining redox 
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homeostasis within erythroid cells. On the other hand, Nrf2 and Trsp double knockout mice 

showed exacerbated pathological phenotypes. Consistently, in another study, it was reported 

that during Se deficiency Nrf2 target genes were induced, including many antioxidant 

enzymes, such as heme-oxygenase 1 (Hmox1), NADPH:quinone oxidoreductase (Nqo1), 
glutathione peroxidase 1 (Gpx1), peroxiredoxin 1 (Prx1), and glutamate-cysteine ligase 

catalytic subunit (Gclc)[66]. Thus, up-regulation of Nrf2 is considered as a compensatory 

mechanism, particularly in the absence of selenoproteins.

Studies in our laboratory have demonstrated the erythroid regulatory functions of 

selenoproteins in a Se dietary mouse model[26]. Se deficient (Se-D) mice were mildly 

anemic with increased BFU-Es in the spleen indicating increased hypoxia. Erythrocytes 

showed signs of oxidative damage of Hb. Furthermore, the transcription factor FoxO3a, 

which has been demonstrated to be required during erythropoiesis[65], was upregulated in 

G1E cells (a GATA-null murine erythroblast cell line) cultured under Se-D conditions. 

Recent studies have revealed a pivotal role for Se and selenoproteins in stress erythropoiesis 

[67]. Two acute anemia models were used in the study that included phenylhydrazine 

(PHZ)-induced hemolysis by oxidative damage of the erythrocyte membrane[68] and a 

short-term radioprotective model, where mice develop anemia post irradiation and new 

erythrocytes are rapidly generated following bone marrow transplantation[32]. PHZ-induced 

hemolytic anemia was lethal to Se-D mice, while Se adequacy was able to restore the 

hematocrit and SEPs in an effort to support efficient erythropoiesis. Interestingly, lack of 

selenoproteins (as in the Trsp mice) resulted in lethal anemia of mice in the short-term 

radioprotective model. In both the cases, stress erythropoiesis was severely impaired in 

mice. The defects occurred early in SEPs, which is the “rate limiting” step that determines 

the final erythrocyte output. The commitment towards erythroid lineage was likely 

compromised [67]. More interestingly, in the Trsp deleted chimeric mice, granulocytic and 

macrophage lineage commitment was also impaired, indicating broader HSC and/or 

multipotent progenitor defects. Analysis of terminal erythroblast maturation in Se-D mice 

showed that this stage of development was also compromised. We observed a blockage in 

the transition of ProEs to BasoEs, which was associated with functionally less active 

GATA-1 protein. Use of high-density transcriptomic arrays revealed significantly differences 

in Se-D and Se adequate (Se-A) ProEs on day 3 post PHZ treatment. Ingenuity pathway 

analysis indicated the involvement of pathways, including heme synthesis, oxidative stress 

control, cell death and cell cycle control, and erythroid cell growth and proliferation as 

underpinnings of Se-dependent protection [67]. Taken together, these studies greatly expand 

our understanding of the role of Se and selenoproteins in erythroid function that are not just 

limited to antioxidant protective roles in terminal maturation, but are critical in intrinsic 

programming of integrative cell development and cell-fate commitment that significantly 

highlights the functional role of selenoproteins in erythropoiesis. However, it remains to be 

seen which of the selenoproteins are important for these functions.

Se and selenoproteins and erythropoietic microenvironment

Erythroid cells develop within specialized niches referred to as erythroblastic islands (EBIs)

[69, 70] that are formed by macrophages, which physically interact with the developing 

erythroblasts (Figure 2). Macrophages provide survival and proliferation signals to 
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erythroblasts and are also responsible for the removal of extruded nuclei during erythroblast 

enucleation[69–72]. Recent studies report that mice with conditional deletion of Trsp in 

myeloid lineage (Trspfl/flLysMCre) resulted in a delayed stress recovery from anemia 

induced by PHZ, which demonstrates that selenoproteins within monocytes and 

macrophages are critical for stress erythropoietic microenvironment [67]. In Se-D mice and 

bone marrow chimeric mice with Trsp−/− bone marrow cells, we observed greatly reduced 

numbers of mature splenic macrophages. This observation coupled with decreased numbers 

of macrophages within the EBI with fewer erythroblasts attached to the central macrophages 

appears to contribute to the abnormality associated with terminal differentiation of 

erythroblasts during stress erythropoiesis.

In addition, it is well known that macrophages play an important role in heme-iron-recycling 

in the mouse spleen and liver through phagocytosing senescent or damaged erythrocytes[73–

76]. Heme homeostasis is pivotal in erythropoiesis, as heme is not only a core component of 

Hb, but also triggers several cellular signaling pathways. For example, BTB and CNC 

homology 1 (Bach1) is a transcriptional repressor that is degraded when it binds heme, 

which leads to the transcriptional activation of globins and promotes erythroid 

differentiation[77, 78]. Disruption of heme homeostasis causes excess oxidative stress 

leading to cell injury and impaired erythropoiesis[56, 79]. Heme import and export within 

macrophages relies on the heme transporter protein, Hrg1[80], and heme exporter, feline 

leukemia virus subgroup C receptor-related protein 1 (Flvcr1)[81], which are important in 

maintaining cellular heme homeostasis. Recent studies from our laborartory show that Hrg1 
and Flvcr expression within the EBI macrophages was significantly decreased in Se-D mice 

compared to Se-A mice, which may lead to the accumulation of heme in the phagolysosome 

of these macrophages[80]. Decrease in Hrg1 and Flvcr expression could be potentially 

mediated through the inhibition of Bach1, whose expression is increased in Se-D ProEs 

when compared to Se-A controls [67]. Hmox1 releases iron from heme for storage and/or 

recycle, which maintains cellular heme-iron balance and in turn controls heme-associated 

toxicity[85]. Gene expression analysis showed that Hmox1 expression in EBIs was 

significantly decreased in the Se-D mice when compared to Se-A mice [67]. Potential issues 

with heme accessibility, heme degradation and export can all result in lower levels of heme 

supply to erythroblasts, leading to ineffective erythroid terminal maturation. The 

observations of association between Se and heme related pathways are interesting, 

particularly since iron is another essential dietary nutrient that is a key ingredient for heme 

synthesis. Further studies are underway to elucidate the exact control of Bach1 expression 

and regulation of downstream genes by selenoproteins.

The role of glutathione peroxidases, thioredoxin reductases, and 

selenoprotein W in erythropoiesis

Twenty-five selenoprotein genes have been identified in human (24 in rodents)[2, 86], but 

their role in erythropoiesis remains largely unclear. Currently known selenoproteins that are 

involved in erythroid cells include Gpxs and thioredoxin reductases (Txnrds) that constitute 

a major cellular redox buffer system[42, 60, 87]. In addition, our recent studies have 

suggested an intriguing role for selenoprotein W (SelenoW), in erythropoiesis [67] (Table 1).
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Gpx1 was first purified from erythrocytes and is one of the primary enzymes that eliminates 

endogenous hydrogen peroxide in erythrocytes and protects Hb from oxidative damage in 
vitro[88–91]. Surprisingly, erythropoiesis in Gpx1−/− mice was fairly normal[89, 92], which 

could be a result of the compensatory effects of other antioxidant scavengers or enzymes, 

indicating the possibility of dispensable role of Gpx1 in erythropoiesis under steady state in 
vivo. It is unclear if loss of Gpx1 contributes to stress or pathological erythropoiesis, such as 

thalassemia and some cases of inflammatory anemia, where redox balance is disrupted[50]. 

On the other hand, knockout of glutathione peroxidase 4 (Gpx4) in mice was lethal at 

embryonic stage due to the failure to form well-organized embryonic structures, but whether 

erythroid cells are affected remains unclear[93].

Thioredoxin (Txn)/Txnrd/peroxiredoxin (Prx) system is one of the primary redox buffer 

systems in the body[96] and is thought to play a critical role in redox signaling in human 

erythrocytes[97, 98]. Thioredoxin reductase 2 (Txnrd2) exerts a critical role in supporting 

erythropoiesis. Ubiquitous knockout of mitochondrial Txnrd2 was reported to embryonic 

lethal at E13. Txnrd2 knockout embryos were severely anemic with increased apoptosis in 

the liver, a primary erythropoietic tissue during fetal stage, which was also associated with 

significantly decreased size of CFU-Es[94]. Cardiac-specific conditional knockout of 

Txnrd2 resulted in fatal dilated cardiomyopathy, which resembles the pathological 

phenotype of Keshan disease[94, 95]. Txnrd1 knockout mice as well as Txn knockout mice 

are embryonic lethal with failure in embryogenesis[99–101]. But whether erythrocytes and 

erythropoiesis are affected in these models is unknown. The essential role of Prxs in 

protection from oxidative stress during erythropoiesis has been well elucidated using 

knockout animal models. Prx1 knockout mice are anemic and exhibit exacerbation of 

oxidative stress and increased ROS in erythrocytes, which result in protein oxidation, Hb 

instability, Heinz body formation, and decreased erythrocyte lifespan. In addition, both 

homozygotes and heterozygotes present increased malignancies, including lymphomas, 

sarcomas and carcinomas[102]. Prx2 functions as a noncatalytic-scavenger in 

erythrocytes[103], essential for stabilizing Hb and preventing hemolytic anemia[57], thereby 

sustaining a normal life span of erythrocytes[104]. In pathological cases, Prx2 and Prx3 play 

a cytoprotective role in β-thalassemic erythropoiesis in mice[59] and Fanconi anemia 

patients[105], respectively, by preventing oxidative stress in erythrocytes.

Recent studies in our laboratory have indicated regulatory effects of SelenoW in erythroid 

differentiation [67]. SelenoW was first identified from white muscle disease in lambs. 

SelenoW is expressed in many species including rodents, sheep, zebra fish, chicken, and 

primates in various tissues[106–110]. It belongs to the stress-related group of selenoproteins 

that are sensitive to the levels of Se in the diet[1, 107, 108]. SelenoW is a 10kDa protein 

containing a conserved–CXXU-motif (U= Sec), and its redox function has been 

suggested[111]. SelenoW has been reported to participate in diverse cellular signaling 

pathways via interaction with its target protein 14-3-3[112–114]. In our studies, the 

erythroid function of SelenoW emerged from the transcriptomic analysis of primary splenic 

ProEs and BasoEs sorted from Se-D and Se-A mice treated with PHZ, where SelenoW was 

the only selenoprotein that was highly regulated in the ProEs as a function of dietary Se 

status [67]. SelenoW protein was absent in primary ProEs, BasoEs, CD71+ erythroblasts 

from Se-D mice and Trsp conditional knockout bone marrow cells. SelenoW appears to be a 
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potential target of GATA-1 as demonstrated by chromatin immunoprecipitation (ChIP) 

sequencing (ChIP-Seq) analysis. Our recent studies indicated that knockout of SelenoW in a 

murine erythroblast cell line G1E-ER4 and primary bone marrow cells impaired erythroid 

maturation [67]. Erythroblasts exhibited reduced expression of Ter119, while early 

progenitors exhibited decreased BFU-E colony formation. While the exact role of SelenoW 

and the mechanism remain unclear, we believe that suppression of PDZ-binding motif (TAZ) 

by 14-3-3 can be released by SelenoW sequestration of 14-3-3 to impact pathways of 

cellular differentiation, as reported in myocytes [113]. Needless to say, further work is 

necessary to elucidate the role of SelenoW in erythroid maturation.

Conclusions and future directions

Current literature supports the role of selenoproteins in erythropoiesis, especially during 

stress erythropoiesis in pathological cases such as anemia. In the absence of Se, oxidative 

stress directly targets erythrocytes by damaging Hb, which aggregates and precipitates on 

the membrane, leading to hemolysis. In addition to redox regulation, selenoproteins appear 

to have a broader influence, which not only affects erythroid cell development at multiple 

stages, but also impacts the erythropoietic microenvironment. Evidence suggests that 

selenoproteins may interfere erythroid cell-fate decision, but further research is needed to 

pinpoint the exact mechanism. Studies also suggest an intriguing link between Se and heme/

iron homeostasis, particularly within the erythropoietic niche that supplies heme/iron to the 

developing erythrocytes, in which the ability to move heme/iron within the cells could be 

compromised by the lack of Se. Nonetheless, it is necessary to corroborate these results in 

humans. Future studies focusing on detailed mechanistic studies, via the generation of 

various tissue-specific transgenic mouse models to regulate expression of specific 

selenoproteins within the developing erythroid cells as well as the microenvironment, could 

provide novel insights.
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Figure 1. Schematic depicting erythropoiesis
HSCs give rise to erythroid lineage progenitors, which differentiate into regulatory erythroid 

progenitors or stress progenitors in response to steady state or stress signals, respectively. 

BFU-Es and CFU-Es are stages of pre-erythroblasts that are quantitative reflection of 

erythroid progenitors. These cells enter terminal differentiation, where they become 

morphologically identifiable erythroblasts and undergo series of maturation events before 

enucleation.
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Figure 2. Immunostaining visualization of EBIs
EBIs are “ring-shaped” structures that consists of a central macrophage marked by CD11b 

and F4/80, and surrounding erythroblasts that express Ter119 with large nuclei (DAPI+).
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Figure 3. Schematic depicting compromised erythropoiesis in Se and selenoprotein deficiency
Anemia is a consequence of multiple disorders. Excessive oxidative stress may induce 

hemolysis and aggregation of Hb, which leads to stress erythropoiesis to produce massive 

erythrocytes to compensate the demand in erythrocytes. In the absence of Se and 

selenoproteins, stress erythropoiesis is dysfunctional. The defects occur early in the 

erythroid progenitor stage leading to the reduced erythrocyte output. Other defects are found 

in erythroblast terminal differentiation, which represent the cumulative result of defective 

erythroid cells and the microenvironment with disrupted heme signaling. Moreover, 

SelenoW emerges to be a novel regulator, which is a potential downstream target of 

GATA-1.
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Table 1

Genetically modified mice with erythropoietic phenotypes

Selenoprotein Transgenic mouse model Phenotype Function in erythropoiesis References

Gpx1 Gpx1−/− Normal Eliminates endogenous hydrogen peroxide in 
erythrocytes and protects Hb from oxidative 

damage in vitro

[88–91]
[89, 92]

Gpx4 Gpx4−/− Embryonic lethal Unknown [93]

Txnrd1 Txnrd1−/− Embryonic lethal Unknown [98]

Txnrd2 Txnrd2−/− Embryos are severely 
anemic

Protect cells from apoptosis induced by oxidative 
stress

[94, 95]

SelenoW NA mRNA decreased in Se-D 
ProEs from mice

Promotes erythroid expansion and erythroblast 
maturation potentially via 14-3-3 signaling 

pathways in vitro

[67]

Free Radic Biol Med. Author manuscript; available in PMC 2019 November 01.


	Abstract
	Introduction
	Erythropoiesis
	Susceptibility of erythroid cells and erythropoiesis to oxidative damage
	Protective effects of Se and selenoproteins on erythroid cells
	Se and selenoproteins and erythropoietic microenvironment
	The role of glutathione peroxidases, thioredoxin reductases, and selenoprotein W in erythropoiesis
	Conclusions and future directions
	References
	Figure 1
	Figure 2
	Figure 3
	Table 1

