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β-thalassemia is an inherited genetic disorder of hemoglobin synthesis (hemoglobinopa-
thy), with an overall carrier rate of 1.5% in the world population. It is caused by muta-
tions either in the β-globin gene or its promoter that result in reduced β-globin chain 
expression leading to an imbalance between α- and β-globin chains. Adult hemoglobin  

  (HbA) primarily consists of 2 a chains and 2 b chains which coordinate a heme group. In 
β-thalassemia the reduction or absence of b-globin chains leads to the accumulation of unsta-
ble α-globin/heme complexes, called hemichromes, that easily precipitate and trigger reactive 
oxygen species (ROS) formation, thus contributing to ineffective erythropoiesis and anemia.1 
In β-thalassemia, expanded erythroid precursors produce elevated levels of the hormone eryth-
roferrone (ERFE), which negatively controls the production of the iron-regulatory hormone 
hepcidin. Reduced hepcidin increases intestinal iron absorption and release from macrophages, 
resulting in progressive iron accumulation in tissues, a major complication in β-thalassemia, as 
well as in erythroid cells, thus aggravating ineffective erythropoiesis through increased hemi-
chrome production.

Anemia can range from mild to severe, based on which β-thalassemia patients are classified 
as nontransfusion-dependent (NTDT) or transfusion-dependent (TDT). Usually, patients with 
β-thalassemia major, due to almost complete absence of β-chains, have a greater and lifelong 
blood transfusion requirement along with iron chelation therapy, to limit complications associ-
ated with transfusional iron-overload.2 So far, the only curative option for TDT patients is allo-
genic bone marrow transplantation, which is often limited by the availability of HLA-matched 
donors and in some cases associated with severe post-transplant complications.3 Although novel 
therapeutic approaches including gene therapy with autologous hematopoietic stem cells modi-
fied ex vivo to restore β-globin expression, and the administration of the activin receptor ligand 
trap luspatercept have been recently approved for b-thalassemia patients, their applicability in 
subsets of selected patients and incomplete effectiveness limit their use.4 These considerations 
highlight the need of therapeutic options to improve the current treatments for b-thalassemia.

Recently, Di Modica and co-authors showed how the second transferrin receptor (TfR2) can 
be exploited for therapeutic purposes in TDT.5 TfR2 is a transmembrane glycoprotein homol-
ogous to the classical transferrin receptor 1 (TfR1). While TfR1 is ubiquitously expressed and 
acts as main mechanism for cellular iron uptake through Tf-bound iron interaction, TfR2 is 
highly expressed in hepatocytes and rather involved in the regulation of hepcidin expression to 
modulate systemic iron levels.5 Importantly, TfR2 was recently described as a sensor of circulat-
ing iron in erythroid cells, where it binds the erythropoietin (EPO) receptor (EPOR) and inhibits 
the activation of the EPO-EPOR signaling. Under condition of elevated Tf saturation, TfR2 is 
stabilized on the plasma membrane of both hepatocytes, increasing hepcidin to inhibit intesti-
nal iron absorption, and erythroblasts, preventing excessive erythropoietic expansion. When 
Tf saturation decreases, membrane TfR2 is reduced, thus enhancing both iron absorption and 
erythropoiesis to avoid anemia. Thus, TfR2 plays a crucial role in balancing RBC production 
with systemic iron homeostasis, according to circulating iron levels.

Bone marrow Tfr2 deletion was found to ameliorate anemia and ineffective erythropoie-
sis, and partially prevents hepatic iron loading in an NTDT mouse model.6 Di Modica et al 
took advantage of a TDT mouse model obtained through the transplant of fetal liver cells of 
thalassemic embryos in myeloablated wild-type animals. This model recapitulates the phe-
notype of TDT β-thalassemia major, developing severe anemia and requiring red blood cell 
transfusions for survival.5 Transplantation of fetal liver cells of thalassemic embryos carrying 
Tfr2 deletion, resulting in the abrogation of erythroid TfR2 function, significantly amelio-
rated anemia and improved erythroid differentiation and RBCs morphology. Bone marrow 
Tfr2-deleted mice had increased RBC count, hemoglobin levels, and hematocrit and decreased 
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reticulocytes. The authors observed overall reduction of trans-
ferrin saturation and serum iron in bone marrow Tfr2-deleted 
β-thalassemia mice, likely due to increased iron consumption 
by improved erythropoiesis. However, iron content in the 
liver, spleen, kidney, and heart, along with hepatic expression 
of Tfr1 and iron-responsive bone morphogenetic protein 6 
remained unchanged. In line with increased hemoglobin, serum 
EPO levels were decreased in Tfr2-deleted β-thalassemia mice 
compared to controls. EPO reduction (Figure 1), together with 
reduction of immature erythroid precursors, limited the pro-
duction of ERFE in the bone marrow, likely accounting for 
increased hepatic hepcidin production, which in turn contrib-
uted to lowering transferrin saturation. Overall, these observa-
tions indicate that Tfr2 deletion boosts EPO sensitivity in TDT, 
as well as previously demonstrated in NTDT.

Interestingly, bone marrow Tfr2 deletion was associated with 
reduced α-globin levels and more appropriate levels of the α-he-
moglobin stabilizing protein, a chaperone required to prevent the 

harmful aggregation of α-globin.7 This suggests that, in the absence 
of Tfr2, α-globin production was decreased, pointing to a restored 
balance between α and β-globin chains. Accordingly, the transcrip-
tion factor, Kruppel-like factor 4, a key player in the transcriptional 
regulation of α-globin expression, was reduced in the bone mar-
row Tfr2-deleted β-thalassemic mice relative to controls. Whether 
TFR2 directly modulates α-globin via KLF4 remains to be clarified.

The molecular analysis of thalassemic Tfr2-deficient bone 
marrow cells of β-thalassemic mice revealed an alleviation of 
endoplasmic reticulum (ER) stress, which is usually elevated as 
a consequence of free α-globin and hemichrome precipitation. 
Indeed, the expression of several genes that control the UPR 
pathways was reduced in bone marrow TfR2-deleted β-thalas-
semic mice. Overall, these findings suggest that, in the absence of 
TFR2, thalassemic erythroid cells have a reduced abundance of 
toxic free α-globin chains, which lowers ER stress. Importantly, 
blood transfusion requirement was completely abolished in 
association with improved erythropoiesis and reduction in liver 

Figure 1. Tfr2 deletion in TDT murine model ameliorates ineffective erythropoiesis, anemia and iron-overload, leading to increased transfusion- 
free survival. TDT = transfusion-dependent; Tfr2 = second transferrin receptor. 
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iron content in bone marrow Tfr2-deleted β-thalassemic mice, 
whereas controls mice maintained transfusion requirement 
throughout their lifespan.

In summary, Tfr2 deletion in a TDT murine model amelio-
rates ineffective erythropoiesis, anemia, and iron-overload, lead-
ing to transfusion independency and increased transfusion-free 
survival. These studies highlight TFR2 targeting as a promising 
therapeutic option for β-thalassemia, with potential both as a 
monotherapy and combined therapy with available treatments, 
and open up the doors for the discovery of pharmacological 
inhibitors that specifically target TFR2 for clinical applications.
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