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DESCRIPTION
β-Thalassemia is a hereditary hematological disorder 
characterized by reduced or absent synthesis of β-globin chains, 
leading to ineffective erythropoiesis and hemolysis. Erythroblast 
apoptosis contributes significantly to the pathophysiology of β-
thalassemia. Unfolded Protein Response (UPR) signaling has 
emerged as a critical pathway in cellular homeostasis, particularly 
in conditions of Endoplasmic Reticulum (ER) stress. This review 
explores the potential of targeting UPR signaling pathways to 
reduce erythroblast apoptosis in β-thalassemia. We summarize 
the current understanding of UPR activation and its implications 
in β-thalassemia pathogenesis, focusing on its role in modulating 
erythroid cell survival and differentiation. Furthermore, we 
discuss recent advances in UPR-targeted therapeutic strategies 
and their potential application in ameliorating β-thalassemia-
associated erythroblast apoptosis. Overall, targeting UPR 
signaling pathways holds promise as a novel therapeutic 
approach to mitigate erythroblast apoptosis and improve the 
management of β-thalassemia.

β-thalassemia represents a group of inherited hemoglobinopathies 
characterized by reduced or absent synthesis of β-globin chains, 
resulting in imbalanced α/β-globin chain production, ineffective 
erythropoiesis, and hemolytic anemia [1]. The disease spectrum 
ranges from asymptomatic carriers to severe transfusion-
dependent phenotypes, posing a significant global health burden 
particularly in regions with high prevalence of carriers [2]. 
Despite advancements in supportive care, including regular 
blood transfusions and iron chelation therapy, the management 
of β-thalassemia remains challenging, emphasizing the need for 
novel therapeutic strategies targeting its underlying 
pathophysiology.

Erythroblast apoptosis, a process of programmed cell death, plays 
a pivotal role in the pathogenesis of β-thalassemia [3]. Excessive 
apoptosis within the erythroid lineage contributes to ineffective 
erythropoiesis, exacerbating anemia and ultimately leading to 
bone marrow failure [4]. Thus, strategies aimed at mitigating 

erythroblast apoptosis represent a promising therapeutic avenue 
in β-thalassemia management.

Unfolded Protein Response (UPR) signaling in 
cellular homeostasis

The Endoplasmic Reticulum (ER) is a central organelle involved 
in protein synthesis, folding, and post-translational 
modifications. Perturbations in ER function, such as the 
accumulation of misfolded or unfolded proteins, trigger a 
conserved cellular stress response known as the Unfolded 
Protein Response (UPR) [5]. The UPR aims to restore ER 
homeostasis by attenuating global protein synthesis, enhancing 
protein folding capacity, and promoting the clearance of 
misfolded proteins [6]. The UPR is mediated by three main 
transmembrane sensors located on the ER membrane: Inositol-
Requiring Enzyme 1 (IRE1), Activating Transcription Factor 6 
(ATF6), and Protein Kinase R-Like ER Kinase (PERK) [7]. Under 
conditions of ER stress, these sensors are activated, initiating 
downstream signaling cascades to alleviate stress and promote 
cell survival. However, prolonged or severe ER stress can lead to 
apoptosis, highlighting the dual role of UPR signaling in cellular 
fate determination.

Implications of UPR signaling in β-thalassemia 
pathogenesis

Growing evidence suggests a crucial involvement of UPR 
signaling in the pathophysiology of β-thalassemia. The 
dysregulation of globin chain synthesis in β-thalassemia leads to 
the accumulation of unfolded globin chains within the ER, 
triggering ER stress and activating the UPR [8]. Studies have 
demonstrated increased expression of UPR-associated genes in β-
thalassemic erythroid precursors, indicative of UPR activation in 
response to aberrant globin chain synthesis [9]. However, 
sustained UPR activation may exacerbate ER stress and promote 
erythroblast apoptosis, contributing to ineffective erythropoiesis 
in β-thalassemia.
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Targeting UPR signaling to reduce erythroblast
apoptosis in β-thalassemia

Given the intricate interplay between UPR signaling and 
erythroblast apoptosis in β-thalassemia pathogenesis, therapeutic 
interventions aimed at modulating UPR activity hold therapeutic 
potential. Several pharmacological agents targeting key 
components of the UPR pathway have shown potenial in 
preclinical models of β-thalassemia. For instance, small molecule 
inhibitors of PERK or IRE1 have been shown to attenuate ER 
stress and reduce erythroblast apoptosis in β-thalassemic mice, 
highlighting the feasibility of UPR-targeted strategies in 
ameliorating disease manifestations [10]. Moreover, gene editing 
technologies, such as CRISPR-Cas9, offer the possibility of 
correcting the underlying genetic defects in β-thalassemia, 
thereby alleviating ER stress and UPR activation.

CONCLUSION
In conclusion, targeting UPR signaling pathways represents a 
promising therapeutic approach to reduce erythroblast apoptosis 
and ameliorate the pathophysiology of β-thalassemia. Further 
elucidation of the molecular mechanisms governing UPR 
activation in β-thalassemic erythropoiesis is warranted to identify 
novel therapeutic targets and refine treatment strategies. 
Additionally, clinical translation of UPR-targeted therapies 
requires rigorous evaluation in human subjects to ensure 
efficacy, safety, and long-term outcomes. Ultimately, the 
integration of UPR modulation into existing therapeutic 
regimens may offer new avenues for personalized medicine in β-
thalassemia management, improving patient outcomes and 
quality of life.
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